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Foreword 

The International Society for Tropical Root Crops held its Fourth International 
Symposium at the Centro Internacional de Agricultura Tropical (CIAT) in Cali, 
Colombia, from 1 to 7 August 1976. Over 170 scientists from 44 countries took part in 
the sessions. 

The participants were welcomed to CJAT by its Director-General Dr John 
Nickel, who stressed the importance of tropical roots and tubers in the diet, especially 
of lower income groups in developing countries. Participants were then welcomed 
on behalf of the Government of Colombia by Dr J. Franco, the Director General 
of the Instituto Colombiano Agropecuario; by Dr H. A. AI-Jibouri speaking on 
behalf of the Director General of the Food and Agriculture Organization of the 
United Nations; and finally by Mr D. G. Coursey the Society's Presiden!. 

The week-long symposium focused consecutively on four main themes: (1) 
Origin, dispersa], and evolution; (2) Basic productivity; (3) Preharvest and post­
harvest losses; and (4) Utilization. Each theme commenced with a plenary paper­
usually by a distinguished scientist from outside the tropical root crop field. Follow­
ing the discussion on this paper in terms of its relevance to root crops, contributed 
papers on the theme tapie were presented. Many of these dealt with the better-known 
root crops such as cassava, yams, potatoes, and sweet potatoes, although there 
were an encouraging number of contributions dealing with sorne of the lesser-known 
root crops, and as in previous symposia, an occasional paper discussing the potential 
of a virtually unknown species. Over 200 papers were submitted of which more 
than 60 were selected for presentation at the meeting. In addition to the paper 
presentations, participants took part in two field trips. 

As mentioned in Mr Coursey's address, financia! assistance to the Symposium 
was provided by CIAT, IDRC, and USAID. IDRC is pleased to be associated with 
CIAT, USAID, and the Society in jointly publishing these proceedings. The format 
of this publication follows that used for the proceedings of the cassava workshops 
sponsored by IDRC in that the discussion has been included in point forro rather 
than in question and answer style. This has only been possible through the collabora­
tion of a number of Society members who acted as discussion rapporteurs and 
summarized the main points of the discussion periods. Thanks are due to them and 
to our team of highly organized editors whose efforts have made the prompt 
publication of this volume possible. 

Barry L. N este) 
A ssociate Director 
Agriculture, Food and Nutrition Sciences Division, IDRC 
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Welcoming Address on behalf of the Govemment 
ofColombia 

Dr Josue Franco M. 

Director General 
Instituto Colombiano Agropecuario (!CA) 

The presence of recognized specialists at this symposium has a special meaning 
to Colombia, since edible root crops have always been a basic component of the 
staple diet of our people. Indeed the discovery in tropical America of food crops 
such as potatoes, cassava, sweet potatoes, yams, arracacha, malanga, sago, achira 
and others, dates back to the time of Colombus. However, improved technology 
has only developed in recent years as a result of population increases and worldwide 
food shortages. 

Of those crops mentioned, potatoes have received the most attention. Scientists 
have studied them for more than a century because they passed the tropical and 
subtropical barriers and adapted to temperate soils. After the tragic famines in 
Ireland following the failure of potato crops in the last century, methods and 
systems to increase and stabilize potato production were designed. 

Nowadays yams are regarded with particular interest because of the presence 
in sorne varíeties of corticoid substances with widely known medicinal uses. Let us 
hope that the other plants you are studying with such dedication will contain 
equally important elements that will gain public attention, in addítion to meeting 
the food needs of an ever-increasing population. 

1 think that the basic problem of the crops you are discussing here at this 
symposium is not so much the production of dry matter, but that of low protein 
content and poor quality. T he percentage protein content of sorne root crops 
barely exceeds 2% . In experimental trials, ICA has obtained yields of 40-60 tons/ha 
from both cassava and potatoes. This illustrates thc large potential that exists for 
increasing carbohydrate production. The same is true for yams, whose production 
can range from 20 to 30 tons/ ha, although they have been subjected to relatively 
Iittle scientific study. As you see, it is easier to solve the caloric deficit than the 
protein one. Thus, the etforts being made to produce cassava by-products with a 
high protein content through microbiological fermentation deserve further atten­
tion, and stress the need for new areas of research in the field of food technology. 

The World Food Council has expressed the hope that "after ten years ( 1975-
1985) no child will go to bed hungry, no family will lack their daily bread, and no 
human being will be restricted by malnutrition in the future." However, increased 
crop production wil! only occur if there is a good economic return. In turn, this 
depends not only on the available technology but on the way it is applied, within a 
given economic and political framework. 

1 would like to mention that for the social, economic, and regional development 
of Colombia (1975-1985) considerable importance has been placed on a new 
Nutrition and Food Plan ( PAN) which is part of the government's Integrated Rural 
Development Programs (DRI). The objectives of the Plan are to increase food 
production and to encourage better nutrition among consumers. Hopefully the 
knowledge gained at this symposium will reinforce existing technology so that it 
may better meet the needs of tropical countries. 
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For us, the symposium has still another attraction. In Colombia, roots and 
tuber crops, with the partial exception of potatoes, are produced mainly by small 
farmers. The adoption of new technology has proved to be very difficult in the 
traditional small farm sector, and the Colombian Government has given top priority 
to this issue. 

Welcoming Address on bebalf of the Food and Agriculture 
Organization of the United Nations 

Dr H. A. AI-Jibouri 

Senior Officer, Field Food Crops Group 
Plant Production and Protection Division 

FAO, Rome, ltaly 

On behalf of the Food and Agriculture Organization, 1 am honoured to attend 
this symposium, and to extend the most sincere and warm wishes of the Director­
General of FAO, Mr Edouard Saouma, for the success of this gathering. 

Furthermore, I am particularly pleased to convey the ·enthusiasm and support 
of Dr Felix Albaní, Director of the Plant Production and Protection Division, who 
has made it possible for severa! of his staff members to participate in and contribute 
to this meeting. 

FAO is very pleased to be associated with this symposium, and has actively 
participated in the previous ones. Delegates may be ínterested to know of FAO's 
activities in the field of tropical root crop production and improvement since the 
Third Symposium. With financia! aid from the United Nations Development Pro­
gramme (UNDP), FAO was able to place a number of field experts in developing 
countries of the South Pacific, Asia, and Africa, to assist in programs related to the 
breeding, agronomy, and protection of root crops. UNDP has agreed, in principie, 
to provide more than US $700 000 for a regional project on "Root crops develop­
ment in the South Pacific." Another inter-country project for A frica entitled 
"Network of research stations on root and tuber crops" is also under consideration 
by the UNDP. Two publications, one on "Cassava- its importance in tropical 
countries" and the other on "Cassava processing" are in preparation by FAO and 
will shortly be published. 

In the field of exchange of disease-free planting material FAO's role is to 
facilitate the shípment of such material from one country to another. Promotion of 
a network for genetic resources conservation centres, which include tropical root 
crops, is also one of FAO's regular program activities. A survey of root crops 
production and improvement in six countries located in the humid tropics of 
Asia was completed in 1974. A consultant was recruited in 1975 to prepare sug­
gestions and guidelines for FAO's role in increasing and improving the productivity 
of tropical root crops in developing countries. 

In many developing countries root crops are important energy sources which 
are easy "to produce and which may have a processing or an export potential. To 
increase its support for root crop production especially in the tropics, FAO added 
a specialist in this field to its headquarters staff in 1976. 
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Welcoming Address on behalf of the lntemational Society 
for Tropical Root Crops 

D. G. Coursey 

Tropical Products lnstitute 
56-62 Gray's lnn Road, London, England 

At the end of my term as Presiden!, it is an honour and a pleasure to welcome 
you on behalf of the International Society for Tropical Root Crops to this fourth 
International Symposíum. This is the first truly ínternational symposium on tropical 
root crops held in Latín America and it is most appropriate that Colombia is the 
host country. Other Latín American countries may have a higher production and 
utilization of tropical roots than Colombia, but this is probably the country of origin 
of one of the most important root crops- cassava. If the historians are not wrong, it 
was near this meeting place that cassava was first domesticated by man. Therefore, 
it is reasonable to expect that this symposium will devote considerable attention to 
cassava. But, we also find yam in Colombia, particularly in the coastal regions, 
while potatoes, sweet potatoes, ocumo, and other crops o{ the aroid group are 
abundantly produced here. 

Colombia being the host country, it is most appropriate for the symposium to 
be organized in the magnificent facilities of CIA T , one of the newest institutions 
among those devoted to international research on agriculture. CIA T has started the 
most ambitious research program ever on cassava improvement, which although 
still young, already shows signs of great success, as in the case of the rice and wheat 
programs of the older international centres. 

However, while looking ahead during the deliberations in this symposium, 
we should not forget the part which made possible our present development. It is 
nearly a decade since the first Symposium on Tropical Root Crops was held in 
April 1967 at the University of the West Indies in Trinidad. That was also the 
year in which, by coincidence, the classical study on production potential of tropical 
roots by de Vries, Ferweda, and Flach was published, attracting the attention of 
agricultura! scientists to these long-neglected crops. Through this decade the attitude 
toward tropical roots has changed considerably in most countries of the world, and 
they are now more widely recognized as important producers of food both for 
humans and for animals. 

We should be grateful for the foresight displayed by the organizers of the 
1967 symposium, although I am sure they could not have anticipated how rapidly 
the subject would develop. That first symposium was a great success, and the 
participants realized the value in organizing another meeting and forming an asso­
ciation to maintain the contacts and interest. 

As a result, the second International Symposium was held in August 1970 at 
the University of Hawaii. At that meeting the International Society for Tropical 
Root Crops was formally created, and it has subsequently made a great impact on 
the world of tropical agriculture. Ibadan, Nigeria, was the host of the third Inter­
national Symposium on Tropical Root Crops in December 1973, organized by the 
Society with the cooperation of the International Institute of Tropical Agriculture. 
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1 would like to express our appreciation to CIAT for having offered its premises 
and facilities for this gathering. 1 also want to thank the Colombian governm.ent 
for its hospitality and help which have made this symposium possible. We are grateful 
as well to the authorities of Cali and Palmira and especially to the organizations 
which ha ve financially supported the Symposium: CIAT, USAID, and IDRC, 
whose help has enabled many young scientists from developing countries to attend 
this symposium. 
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Origin, Evolution, and Early Dispersa} 
of Root and Tuber Crops 

JorgeLéon1 

Tropical root and tuber crops have been domesticated in Southeast Asia. west-central 
A frica, and tropical Latín America ( including the high Andes). Tbe crops be long to 
different families. Species of the one genus (Dioscorea) were domesticated independently 
in each of the three regions. Species of Cofoca5ia and Xanthosoma (family Araceae) and 
Pachyrrhi<.us and Pueraria ( family Leguminosae) were domesticated in separa te regions. 
Many of these crops have restricted arcas of distribution due to physiological requirements 
and are becoming relict crops. 

Roots and tubers are ancient crops, and even today support groups of people who 
gather them from wild plants. Poisonous, acrid, or bitter qualities were found in the most 
importan! crops by early man. who learned how to rcmove or destroy these undesirable 
qualities. Most of tbe root and tuber crops are polyploids, and most of them are vegetatively 
propagated. Fertility traits are therefore of special importance in tbeir evolution under 
cultivation, but there is no evidence that clona! propagation has led to sterility. Information 
on their evolution is extremely scarce as cultural sources, archaeological, linguistic, and 
historie information is scanty and unevenly distributed. On biological sources, compara­
tive taxonomy, metaphase cytology, and hybridization have given sorne importan! clues, 
but there is sti ll very liule information available on tbe evolution of these species. 

Root and tuber crops dispersed slowly between Southeast Asia and Africa. After 
the seventeenth century a very active interchange occurred especially with the American 
crops. Since then, there has been a continuous replacement of crop species, especially in 
Africa. The sweet potato, of American origin, was found in Oceanía when the Europeans 
arrived, but no satisfactory explanation of how it got to Polynesia has ever been made. 

Root and tuber crops are thought to be of 
ancient origin, and are often regarded as relics 
of primitive agriculture. This concept is based 
on the important role these crops play in exist­
ing primitive societies, and on the rudimentary 
husbandry they require, particularly vegetative 
propagation. These crops are easily adapted in 
the less-advanced agricultura) systems because 
of their high yields, resistance and earliness, 
and in the dietary pattern by their bulk and 
taste qualities. 

Since the last century, geographers and an­
thropologists have contrasted root and tuber 
production, which includes other clonally 
propagated crops such as bananas, breadfruit, 
sugarcane, with seed agriculture. Vegetative 
propagation, developed in tropical regions, is 
assumed to be a static system, whereas seed 
agriculture is associated with the development 
of more advanced societies. Geographers and 
historians are tempted to associate "civiliza-

1 Programa de Germoplasma, CA TI E, Turrial­
ba, Costa Rica. 

tion" with cereals. In vegetative propagation 
primitive farmers apply simple husbandry, but 
the same is true when they grow seed crops. On 
the other hand, sorne vegetative crops, such as 
potatoes, have reached an advanced stage of 
production and technology, comparable to 
many other crops. The view persists, however, 
that vegetative propagation represents a low 
stage of progress, and a distinguished cyto­
geneticist in his interpretation of history 
(Darlington 1969), points to "the fatal abun­
dance of tropical root crops imported from 
Asia and America" as one of the main factors 
in the decline of Africa. 

The contrasting of agricultura) systems 
based on the differences between seed and 
clona) propagation is a simplification of a 
problem that is too complex to be reduced to 
the duality of plantíng materíals. 

The Basic Materials 

20 

Roots and tubers are storage o rgans that are 
developed in many families of plants, probably 
as a result of selective pressures in enviren-
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ments with varying amounts of rain. The 
storage o rgans permit the accumulation of nu­
trients elaborated by the aerial parts of the 
plant. By growing underground, they maintain 
the nutrients with minimal loss. Once the tem­
pora ry branches or foilage have dried, new 
shoots develop from the storage organs. By 
harvesting roots and tubers before the plants 
have flowered, man has interrupted this pro­
cess, and has thus kept the plants in a kind of 
pennanent juvenile stage. 

Although storage organs may vary in their 
phylogeny and structure, the nature of their 
storage tissues is common. These organs are 
large masses of parenchyma that contain 
mainly water and starch grains. The paren­
chyma is intimately connected with the vascu­
lar system, which permits easy transport from 
and to the storage orga ns. Frequently, there are 
poisonous, bitter, o r acrid substances in the 
storage tissues, which present an obstacle to the 
utilization of roots a nd tubers. However, these 
substances are a deterre nt to animals and there­
fore play an important role in the survival of 
plants growing in natural conditions. The 
quantity of these materials ( e.g. raphides or 
glucosides) varíes considerably within the 
same species, a trait that is mainly determined 
by inherent factors. 

The storage organs may be roots or stems. 
In roots, such as cassava, the storage tissues 
may derive from a normal cambium, or as in 
the sweet potato from tertiary cambiums that 
devclop a round vascular elements. Sto rage 
stems are of ditferent kinds ( e .g. rhizomes, 
tubers, and corms), and as in roots, the storage 
tissues may derive from ditferent types of 
cambium. In most of the root and tuber crops, 
storage organs are more tha n carbohydrate 
sinks. They are also reproductive organs, and 
this double function has been of foremost im­
portance in their propagation by man. 

The common classification of crops by the 
utilization of certain organs results in artificia l 
groupings. Thus, temperate species utilized for 
their roots or stems ( radishes, beets) are con­
sidered as vegetables, whereas tuber crops 
yielding essentia l oils (ginger) are included 
among the spices . . The present discussion is 
limited to tropical and subtropica l species used 
mainly for their starch content as energy foods 
(Table 1 ) . 

Factors in Evolution 
The usual sources of biological information 

on crop evolution - comparative taxonomy, 
cytological analysis especially at metaphase, 
and experimental hybridization - have been 
applied to sorne of the root a nd tuber crops. 
However, as a whole, the information avail­
able, with the possible exception of potatoes, 
is very poor and scattered. 

Comparative taxonomy aims to establish the 
relationships among existing taxa with the cul­
tivated species. The definition of their taxo­
nomic position permits the identification of 
putative parents and the delimitation, within 
the genus, of the cluster of species more 
closely associated with the cultivated taxa. The 
traditio nal methods of taxonomy do not work 
well with root and tuber species. Often foliage 
is difficult to accommodate in herbarium 
sheets; flowers are bulky, fleshy, and frequently 
absent ; root and tubers too difficult to preserve. 
In sorne genera, like Xanthosoma, the taxo­
nomic status is extremely unsatisfactory; the 
abunda nt synonymy in the a roids and yams is, 
in part, a result of studies based on herbarium 
materials. As in other crops, the identification 
of a wild population closely related to the cul­
tivated species, raises the question of whether it 
is an ancestor of the cultivated type ora feral or 
weedy form. In Ullucus, an aboriginal species 
has been described ( Brucher 1962) , but this 
could be only a wild variety. A hexaploid popu­
lation of l pomoea from Mexico, has been con­
sidered as an ancestor species (Nishiyama 
1971) or a weedy variety of the sweet potato 
( Martín et al. 1974). 

Cytological studies a re interrelated with 
taxonomy a nd both have helped to solve sorne 
problems. But it is surprising how little is 
known in this fie ld. Of sorne of the cultivated 
spccics there is no information even on chro­
mosome number. On the other hand, sorne of 
the root tuber crops o tfer technical problems 
such as chromosome size and high number, 
which make it difficult to detect possible link­
ages or identificat ion points. 

There is a trend to attribute to interspecihc 
hybridization the origin of most cultivated 
plants, especially if they are polyploids. In 
roots and tubers, swect potatoes ( N ishiyama 
et al. 1975) , Africa n yams (Ayensu and Cour­
sey 1972), common potatoes (Dodds 1965) , 
and others have been assigned such origin, 
aod putative parents have been suggested for 
sorne of them. Genome identification lends 
sorne support to this contention, but it is very 
difficult to obtain definitive evidence from 
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Table l. Tropical and subtropical species used mainly for their 
starch content a.s energy foods. 

M onocotyledoneae 
Agavaceae 
Araceae 

Cannaceae 
Cyperaceae 

Dioscoreaceae 
Marantaceae 

Taccacaeae 
Zingiberaceae 

Dicotyledoneae 
Basellaceae 
Compositae 
Convolvulaceae 
Cruciferae 
Euphorbiaceae 
Labiatae 

Leguminosae 

Oxiladaceae 
Solanaceae 
Tropaeolaceae 
Umbelliferae 

Cordyline terminalis 
Alocasia 
Amorphophalfus 
Colocasia 
Cy rtosperma 
Xawhosoma 
Canna edulis 
Cyperus esculentus 
Eleocharis tuberosus 
Dioscorea (12 species) 
Mara/Ita arundinacea 
Calatltea alluia 
Tacca leontopetaloides 
Curcuma angustifolia 
Curcuma zeodoaria 

Ulfucus tuberosum 
Polymnia sonchifolia 
1 pomoea batatas 
Lepidium meyenii 
Manilwt esculenta 
Plectrantltus esculewus 
Solenostemon rotundifolius 
Stachys sieboldii 
Pachyrrhizus (spp.) 
Psy phocarpus tetragonolobus 
Pueraria lobata 
Sphenostylis stenocarpa 
Oxalis tuberosa 
Solanum tuberosum 
Tropoeoleum tuberosum 
Arracacia xantlwrrhiza 

Ti, palm lily 
Ape, biga, birah 
Suran, clcphant yam 
Taro 

Achira 

Water chestnut 
Ya m 
Arrowroot 
Lairen 
Pia, Polynesian arrowroot 

Ulluco 
Yacon 
Sweet potato 
Maca 
Cassava 
Kafir potato, dazo 
Hausa potato 

A hipa 
Sigarilla 

Oca 
Potato 
Mashua 
Arracacha 

hybridization work. Often the terms "nobiliza­
tion" or .. ennoblement" are applicd to root and 
tuber crops, meaning improvcment by primi­
tive agriculturists. These terms imply a planned 
hybridiz.ation, as in sugar cane breeding, 
which is not the case in root and tuber crops. 
On the other hand, information obtained from 
hybridization aimed at crop improvement is 
rather incidental to crop evolut ion. 

of somatic mutation in the evolution of thcse 
crops. However, hybridiz.ation in these crops is 
a potential force of considerable value for 
further improvement (Abraham et al. 1964) . 

As a main force in evolution, the impact of 
recombination is possibly less cvident now than 
in the past. Under original conditions, root and 
tuber spccies were closer to their primitive al­
líes and hybridization may havc bcen more 
frequcnt. But as man moved thcm to new en­
vironmcnts, not only did thc possibility for 
further crossing and segregation decrease, but 
the mechanisms of seed setting and sexual re­
production were affected. The practice of vege­
tative propagation helped to reduce the im­
portance of segregation and increased the role 

Polyploidy 
As expected in cultivated crops, a good num­

ber of root and tubcr crops have differcnt 
ploidy levels. The early cytological studies on 
potatocs lcd to the separation of the numerous 
cultivars included in Solanum tuberosum into 
severa! species (Juzepczuk 1937), or into one 
species formed by five groups and two hybrids 
with other species ( Dodds 1962). The culti­
vatcd diploids have been derived either from 
wild diploids, again with no total agreement 
on thc idcntification of the ancestors, or from a 
primitive complex in which many diploid 
species may have taken part (Ugent 1970). 
The tetraploids may have arisen through alto-
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polyploid or doubling of diploids (Simmonds 
1976) ; the triploids as hybrids of tetraploids 
and diploids; and a pentaploid group from 
crosscs between a triploid (unreduced gametes) 
and a tetraploid (U gent 1970). 

Perhaps the group of root and tuber crops in 
which polyploid is most complex is Dioscorea, 
but here again the studies ha ve been scarcc and 
isolated. In D. afata, a survey of chromosome 
numbers in Indian cultivars has established a 
series of 2n = 30, 40, 50, 70 for ditferent 
clones that do not show phenotypical ditfer­
ences (Sharma and Deepesh 1956). Also poly­
somaty has been dctccted in this species, and 
this could be a possible source of new types 
through vegetative propagation. In D. bufb­
ifera, there are morphological ditferences in 
the cultivated types of Africa and Asia, the 
formcr being considered by sorne authorities as 
a distinct species. Cytological counts tend to 
support such ditferences. The African cultigens 
have 2n = 36, 40, 54, 60 with a basic number 
lenta, 2n = 40, 90, 100: D. cayenensis 2n = 
40, 60, 80, 100 with a basic number of 20 
(Martín 1974) . Other polyploids are D. escu­
fenta, 2n = 40, 90, 1 00; D. cayennensis 2n = 
140; D. opposita 2n = 40; D. penthaplylla 2n 
= 140. However, Coursey ( 1976) points out 
that in Dioscorea polyploidy is not restricted to 
cultivated species only. 

In taro, a general survey of its variability is 
badly needed, as it is one of the most ancient 
of the root and tuber crops and one of the most 
widely spread. Two basic chromosome num­
bers h ave been recorded in taro, X = 12 and 
X = 14. Clones with 2n = 24 and 2n = 48 
are reported from India, while clones with 2n 
= 28 and 2n = 42 are found from India to 
Japan in one direction, and to Timor, N ew 
Caledonia, and N ew Zealand in the other. But 
east of 180", that is in most of Polynesia, all 
clones show 2n = 28 (Yen and Wheeler 1968). 

The most interesting example of polyploidy 
in root and tuber crops is thc sweet potato, a 
hexaploid, 2n = 90, which could be derived, 
as has been proved experimentally, in two 
ways: ( 1) by the multiplication of a diploid 
(1. leucantha), or (2) by the duplication of a 
triploid resulting from the crossing of a diploid 
(1. leucantha) and a tetraploid (l. /ittoralis ). 
The resulting hexaploid, / . trifida, is considered 
a primitive form of l . batatas (Nishiyama 
1971). As two of the three genomes in the 
sweet potato show more homology with cach 
other than with the third (Magoon et al. 1970), 

the second process is more likely to have 
occurred. Other species showing ditferent levels 
of ploidy are: M aranta arundinacea, tctra­
ploid; Canna edulis, triploid ; Ullucus tuber­
osus, triploid; Oxalis tuberosa, hexaploid; 
Tropaeoleum tuberosum, hexaploid. On the 
other hand, the cultivated X anthosoma (X = 
13) are diploids, 2n = 36 ( Plucknett 1976). 
Cassava, 2n = 36, has been considered as a 
diploid ( Magoon 1967) and as a tetraploid 
(Jennings 1976) . In the Euphorbiaceae, X = 
9 is found in Manihot and allied genera, and 
the presence of three nuclcolar chromosomes 
and sorne chromosome duplication at pachy­
tene, suggest that cassava is possibly a seg­
menta! allotetraploid (Magoon et al. 1969; 
Jennings 1976). 

There are severa! quest ions to consider in 
relation to polyploidy. For example, does it 
have any significance, as in other crops, on the 
s ize and quality of the useful parts of the 
plants. The information is meagre, except on 
potatoes, and in this crop it is masked by long 
selection, environmental conditions, and crop 
protection. There is no information, for in­
stance, of any correlation in size of tubers and 
ploidy in the Dioscorea afata series mentioned 
above. 

In triploids o f Canna edulis, the starch con­
tent is almost three times higher than in the 
diploid, but there is no information on yield 
(M ukerjce and Khoshoo 1971) . On the othcr 
hand, induced polyploids in cassava, assuming 
that it is a diploid, are not superior in yield to 
diploids. In l pomoea, wild hexaploids do not 
show any root th ickening, and therefore, the 
domest ication character may result from pro­
cesscs other than polyploidy. 

1t is well known that most polyploids have a 
widc adaptability to ncw conditions. In culti­
vatcd polyploids, this cha racteristic aidcd by 
cultural practices, especially crop protection, 
is a key factor in their succcss and expansion. 

Finally, an important aspect is to consider 
the possible relationships between polyploidy 
and vcgetat ivc propagation. Through the latter, 
a not fully balanced a llopolyploid, for instance, 
could be multiplied and meiotic irregula rities 
or gene-determined stcril ity bypassed. Such 
polyploids may spread, th rough clona! propa­
gation, in a way that would be difficult through 
seed reproduction. 

Fertility and Vegetative Propagation 
Yegetative propagation is necessary in most 
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root and tuber crops because of their ineffi­
ciency in producing seed, a result of natura l and 
cultural factors. Among the natura l factors are 
incompatibility, dichogamy, abnormal seed 
and seedling development, seed dormancy, and 
pests and diseases attacking flowers and seeds. 
Cultura l factors are equally important. First, 
man has taken clona( crops to regions where 
environmental conditions do not favour seed 
setting. Sccond, plants are harvested when the 
storage organs have reached maturity, which 
occurs in most cases well before flower ini­
tiation . Third, man, by copying the same type 
(clone) in millions of individuals m ay ha ve 
increased the possibilities, if a natural trait 
limiting fertility is present, to extend it into 
large populations. 

It has been stated often, especially by non­
biologists, that continuous vegetative reproduc­
tion leads to sterility. Sauer ( 1952) stated that 
cassava reproduction by cuttings has been car­
ried out for so long that it has lost completely 
its ability to set seeds. Vegetative propagation 
in itself cannot lead to sterility although, as 
mentioned above, it may increase the fre­
quency in a population of a trait favouring 
sterilit y, or has an indirect effect as it permits 
the cultivation in environments unfavourable 
for seed setting. However, sorne recent work in 
Nigeria shows that seed production is higher 
in yams coming from seed-producing plants 
than thosc obtained from tubers of continuous 
clona( propagation (Sadik and Obereke 1975 ) . 
This could be due to the nature of the samples 
studied, but is worth fu rther study. Sorne ex­
perimenta l work in cassava (Jennings 1963) 
showing different degrees of maJe and female 
steril ity in hybrids and backcrosses may be 
partly due to the different materia1s used and to 
environmenta1 effects. 

As was said before, all root and tuber crops 
set seed. Reluctant clones a re found, but ex­
perimental work shows that it may be possible 
to promote the formation of viable seed by 
changing environmenta l conditions or manipu­
lating the flowering process. In cassava, flower 
induction has been obtained by moving plants 
to higher altitudes (abo ve 1000 m in Java, 
Costa Rica, etc.) or in areas with special 
climatic conditions, such as the coast of central 
Peru, where most of the clones set seed regu­
larly. In sweet potato, seed setting is reported 
from many countries (Yen 1974) , often out­
side its natural area ( e.g. the Philippines and 
Papua New Guinea) . The scarcity of records of 

sced prod uction in taro (reports from Papua 
cw G uinea, Raratonga, Philippines) could be 

due to harvesting practices. In yams, seed set­
ting is o ftcn limi ted by harvesting practices, but 
with sorne African spccies the constraints for 
sexual reproduction includc a large number of 
malc clones, impcrfect seed, and dormancy 
periods. In potatoes, seed reproduction and fac­
tors condit ioning low setting are wcll known, 
but cven hybrids of induced haploids can set 
seeds under specia l conditions of temperature 
and air moisture (Subramanyan et al. 1972). 
All the Andean tubers produce abundant seeds. 
In oca ( Oxa/is tuberosa ) , however, seeds are 
extrcmely scarce in field conditions, but if pro­
tectcd from wind and frost, which produce 
abcission of the inflorescences, seed sett ing is 
normal (Aiandia 1967). In arracacia, seeds are 
produced the second year but as the root ma­
tures in 8-14 months, flowers and seeds are 
rarely seen. 

Vegctative propagation as a cultural practice 
is vcry important in the evolution of root and 
tuber crops. In modern agriculture, it permits 
the multipl ication of superior and liniform ma­
terials in large monoclonal plantings. This 
leads to a continuous replacement of cultivars 
whcn superior clo nes become ava ilable, with 
conscquent losses in germ plasm. In addition, 
monoclonal plantings may be wiped out 
quickly by diseases or pests. Vegetative propa­
gation materials may bccome sinks of viruses 
and mycoplasma, and are subject to physio­
logical degeneration also requiring clona( re­
placement. Under systems of primitive agricul­
ture thc effect of changes in plant ing materials 
is of less importance, as the standard practice 
is to plant severa) clones in the same plot , 
mixed or separated. Frequently the planting 
material is the edible part, and in time of 
scarcity or famine the "seed" has to be eaten. 
This double utilization made it possible for the 
Polynesians and possibly Incas to propagate as 
crops what they had brought as food for their 
long sea journeys. 

As a whole, vegetative propagation, espe­
c iall y in mo noclonal plantings, is an important 
rest riction in increasing variabil ity. In species 
of imperfect evolution, sexual reproduction is 
a second best choice in their rep roductive 
system ( Martín 1967) . 

The Role of Mutation 
In root and tuber crops, evolution through 
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chromosome or gene recombinations is limited 
by the predominance of vegetative propaga­
tion. Therefore, somatic mutation plays a very 
importan! role. However, any new type has 
to be carefully evaluated before detennining 
if it is a bud mutation or a chance seedling. 
There is no survey of somatic mutations in 
root and tuber crops to determine mutation 
rates. In primitive populations of sweet potato, 
changes in the skin colour of the root - from 
white or cream to orange or purple - have 
been recorded roughly at 1:1000 (Yen 1974). 
In more reduced samples of improved clones, 
mutation rates vary from O to 2.9 % (Hern­
andez et al. 1964). The frequency of mutation 
may give an indication of the age of the crop, 
although it is mainly determined by the num­
ber of individuals. Because mutations change 
only certain characters, the original popula­
tion could be recognized. The mutants form 
"groups of varieties" ( e.g. in taro and other 
tuber crops). Within a mutant population not 
all the individuals are alike ( e.g. potatoes). 
Sorne may produce subclones that differ in im­
portant characters such as yield and resistance 
to disease. 

The same mutation may appear in different 
places, and this is one of the reasons for the 
high number of repetitions in collections. How­
ever, two mutations phenotypically alike may 
be different in their physiological responses. 
Most mutations do not havc any agricultura! 
value and in an advanced system of agricul­
ture, where uniformity is highly desirable, they 
are immediately eliminated. But in primitive 
systems of agriculture, farmers like to main­
tain as many types as possible, as a kind of 
agricultura! asset. lt is likely that the "magic 
gardens" of the taro growers of Polynesia are 
collections of aberrant clones. A similar situa­
tion occurs in the mixed agricultura! system in 
the Andes. Primitive farmers have learned by 
experience that sorne of these new types may 
show special resistance and become an im­
portant resource when the common clones are 
wiped out by disease and pests. 

Somatic mutations affecting the whole plant 
are known in few cases. Brachytic types are 
found in cassava and sweet potato and the main 
difference between wild and cultivated Ullucus 
is internode length. 

Severa! instances are known in sweet potato 
in which a normal branch produces others 
with leaves of different shape (Yen 1974). 
Characters like the "piko" in taro (a deep cut 

of the leaf up to insertion of the petiole, often 
blotched), or the branching in the corms of 
Xanthosoma and Colocasia, could also be at­
tributed to somatic mutations. Colour changes 
due to mutation were mentioned above in roots 
of the sweet potato and a characteristic feature 
of somatic mutation, sector colouring, is 
found in the pctioles of many taro and Alocasia 
clones. Quite common are chimeras affecting 
colour or structure of the outer Jayers in tubers 
and corms. In potatocs and Ullucus, buds 
coming out of arcas of different colour give 
rise to diffcrent clones. In potatoes, it is com­
mon to find purple arcas in white tubers. In 
Ullucus, there is a group of clones with tubers 
either completely yellow or magenta or with 
large arcas of both colours. In this crop, as in 
potatoes, russeting is common and types with 
this kind of skin are recognized as different 
clones. It is very likely that the ornamental 
cassava has a similar origin. As mutation rate 
is a function of population size, it is quite likely 
that in the relict crops so common among root 
and tubers, this force is decrcasing its effects 
and therefore reducing crop diversity. 

Somatic mutation is probably the most im­
portant factor in the evolution of root and 
tuber crops under cultivation. lt is probably 
easier to find a bud mutation than a chance 
seedling. However, gene and chromosome 
mutation, although less well-documented and 
with far less chances of occurring, may have 
contributed considerably to the diversity of 
these crops, especially when they were grown 
under more natural conditions and seed setting 
was more frcquent. 

Domestication 
The process of domestication in root and 

tuber crops, including potatoes, has not been 
widely studied. Domestication of grain crops 
in arid lands has been studied, but the results 
are of little value in explaining root and tuber 
domestication. The archeological evidence has 
considerable limitations. Evidence depends on 
preserved plant materials, from which we can 
determine the structure of the organs and en­
vironmental conditions. However, because of 
the fleshy tissues of roots and tubers, they are 
easily destroyed by fungi, bacteria, and in­
sects. As well, most grow in wet regions and 
the materials preserved are very scarce and 
irregularly distributed. The presence of plant 
remains in dry arcas, like the coast of Peru, 
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provides secondary clues often of great im­
portance, as in the case of the sweet potato, 
but not the fundamental information on orig­
inal places and processes. Even less helpful is 
the indirect evidence derived from tools and 
pottery. Historical evidence is most importan! 
but, like archeology, it provides an irregular 
picture. Africa has been the foremost meet­
ing place of root and tubers, however its early 
written history is very fragmentary. A similar 
situation occurs in southeast Asia and tropical 
America. 

Plant domestication was initiated to answer 
the nceds of primitive man for food, clothing, 
body painting, medicines, and poisons. It could 
have been carried out in arcas where materia ls 
for domestication were abundan! but also 
under the pressure of scarcity (Hartan and 
Zohary 1966) . The common concept that plant 
domestication led to the establishment of sed­
entary human communities is open to sorne 
questioning. Burkill ( 1960) suggested that 
fishing people, who were rather sedentary, 
after a pcriod of gathering may have started 
domestication and cultivation of yams. How­
ever it may have been a different process for 
each species, and it is extremely importan! not 
to generalize. 

Sorne domestication characteristics common 
in root and tubcr crops are: ( 1) large size of 
cdible parts; (2) ear1iness; (3) low content of 
poisonous or acrid substances; ( 4) attractivc 
shape and colour; ( 5) shallow underground 
growth; ( 6) sugar content. Other characteris­
tics, such as resistance to disease, may come in 
more advanced stagcs of agriculture. The sizc 
of the useful parts, like the corms of aroids, 
and the shape and colour ( e.g. Andean tubers) 
may have attracted the attention of gatherers. 
In the transition from gathering to cultivation, 
the main obstacle was the presencc of bitter or 
poisonous substances in the edible parts. The 
discovery of techniques to eliminate these sub­
stances played a dccisive role in domestica­
tion. The proccsses differed according to 
species. One special technique was washing the 
roots or tube rs for many hours to remove 
poisonous principies. In the Andes this method 
permitted the use of bitter types of potatoes, 
mashuas ( Tropaeo/um), and oca ( Oxa/is). 
This also led to the preparation of "chuño," a 
dry mass easier to store and transport than the 
who1e tubers. Roasting or washing methods 
were developed in Polynesia to remove the 
acrid substances from the stems of aroids. The 

Polynesians also learned to prepare a taro 
mash ("poi"), which was more nutritious and 
easier to kecp than the fresh product. The 
extraction of glucosides in cassava required the 
developmcnt of spccial techniques and tools. 

The planting and cultivation practices and 
too1s are less complicated than those used in 
prcparing the crop for mcals. The digging stick 
of thc yam gathcrers can be easily transformed 
into a planting tool. In Hawaii a very simple 
instrumcnt was developed lo cut the upper part 
of the taro to obtain propagation material 
( Buck 1964). Evidently early man learned 
simple cultural practices, such as providing 
support for yams and piling earth on the base 
of the plants to supply better and looser soil 
to the growing tubers. The processes of 
domestication of roots and tubers, particularly 
the development of practices and instruments 
for their preparation as food, were far more 
difficult than for fruits or grains. Also in sclect­
ing less poisonous or acrid clones and develop­
ing cultural practices, primitive man showed 
such ingenuity that Burkill ( 1951) said they 
must have "already graduated in horticulture." 
Out of simple managemcnt pract ices, man 
evolved more complex systems of agriculture. 
In southcast Asia, terracing was developcd for 
taro cultivation, which eventually was adapted 
for rice production. In thc Andes, the most 
complex system was developed to cultivate 
tubers and other crops, including terracing, 
fertilization, irrigation, and food storage. This 
development was far superior to any agricul­
tura! system in western Europe or elsewhere in 
the world in the fifteenth ccntury. 

Geographical Origin 
and Early Dispersa) 

Root and tuber crops were domesticated in­
dependently in three regions: ( 1) southeast 
Asia and its gcographic continuation- the 
Sunda Islands, Papua New Guinea, Oceanía; (2) 
Africa- Madagascar; (3) Tropical America. 
A few species were domesticated in southern 
China and Japan. The three regions were active 
centres of domestication o f animals as well. 
Agricultura! systems were developed independ­
ently but they have many common features 
because of similar envi ronments. Prior to the 
1500s there were no exchanges of materials and 
techniques between the Old and the New 
Worlds. The sweet potato was the only known 
root crop in tropical America and Oceanía. 
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Soutbeast Asia 

The Indo-Malayan region, the land between 
the Deccan península and the South China Sea, 
could be consídered as a primary agricultura! 
hearth because of its domestication of plants 
and animals, the development of systems of 
agriculture typical to the region, and the in­
vention or changes in the utilization of plant 
materials for food and other uses. The region 
is limited by natural barriers to the north ( the 
Himalayas but in its northeast corner is open 
towards China) and to the west (the Indían 
Desert) . The rest of the region is surrounded 
by water. The Jarger Sunda Islands and Papua 
New Guinea could be considered as a natural 
continuation of the region. The lndian section 
comprises maínly the coastal arcas of the 
Deccan península. In lndochina, the relief ís 
quite complex, and is determined mainly by 
three major mountain ranges, which run from 
northwest to southeast with narrow valleys 
and alluvial plains in between. lts western side, 
towards the Bay of Bengal, from the foot of 
the Himalayas to the tip of Malaysia and 
farther on to Sumatra, Java, and Borneo, is a 
"tropical rainy" area (over 2000 mm per year). 
Towards the centre, there are large areas with 
"tropical rainy" or "wet and dry" climates with 
savannas and open forests. The vegetation is 
one of the richest in the world and decreases 
in number of species from west to east. The 
conditions in the region are not favourable for 
the preservation of plant remains, and arche­
ological surveys have been sporadic. 

There were five racial groups in this region 
belonging to the Negrito stock who, up to this 
century, lived only by gathering roots and 
tubers. These were the Andamanese in the 
Andaman Islands; the Semang in North 
Malaya; the Kadar and the Chenchu in the 
Western Ghats in India, and the Veddas in Sri 
Lanka (Burkill 1953; Coon 1974). 

The gathering practices of these groups give 
a picture of how man lived befare agriculture. 
Even today, sma\1 groups of food gatherers in 
this region collect yams and aroids which are 
abundant in the rain forest. Because of their re­
duced numbers and the availability of other 
food sources, they have survived in the same 
arcas for many centuries. 

The Negrito stock settled in the region sorne 
25 000 years ago, but was pushed eastwards by 
other immigrants and is represented today only 
by enclaves. The new arrivals, Australoid and 

Mongoloid, carne in successive waves from dif­
ferent regions. They mixed together and the 
resulting population, to which the names of 
Indo-Malays or Malays have been applied, was 
possibly the group that started plant domestica­
tion. Burkíll ( 1953) says it is likely that root 
and tubers were the first domesticated crops in 
this area. 

As was stated earlier, the development of 
more efficient techniques in food preparation 
may have been as important in domestication 
as the development of crop husbandry. Yams 
gathered in India and Malaya are roasted or 
cooked. The removal of poisonous substances 
or acrid materials in yams and aroids is done 
by pounding, washing, and heating. Thus, 
through a combination of simple practices and 
tools, it was possible in this region to start an 
agricultura[ system based on the production of 
tuber crops. The region is extremely rich in 
other foods, especial! y fruits - mangoes, 
durian, rambutan and others- which grow 
wild in the forests. Fish and wild animals sup­
plied the necessary protcin. The later domesti­
cation of rice in the region started a new pat­
tern of agriculture. 

The most important expansion of root and 
tuber crops from the Southeast Asian region 
was eastward, carried out by a mixed group, 
the proto-Malays, which moved from the con­
tinent first to the Great Sunda Islands and then 
to Papua Ncw Guinea, about 3000 years ago. 
The first expansion occurred about 2000 years 
ago with the settlement of Polynesia when the 
Malays from Samoa and Tonga reached the 
Marquesas to the east, Tokelau to the north, 
and the Ellice islands to the northeast. Pre­
viously, Micronesia had been settled by other 
immigrants from the Sunda and Philippine 
islands. The second expansion occurred before 
500 AD when the Polynesians starting from 
the Marquesas reached the extremes of the 
Polynesian triangle ( i.e. Hawaii, Easter Is­
land, Ncw Zealand). There are no written 
records befare 1500, and linguistic and archeo­
logical evidence is not strong enough to sup­
port the view that in Oceanía there was a pre­
and post-Polynesian stage in agriculture. 

Towards the west , the expansion of crops 
was prevented by the dry and desert arcas in 
northeast India. Only one species (Colocasia 
esculenta) m ay ha ve followed a land route, 
either through Syria or by the Sabean Lane to 
Egypt. 

To tbe northeast, taro and sorne yams 
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moved into the subtropical areas of China and 
from there to Japan. 

From the background of roots and tubers, 
new crops and techniques were developed in 
Sout heast Asia and Malaysia, thus creating a 
large agricultura! complex. Rice was the main 
crop on the continent and the large islands, 
alone with bananas, sugar cane, breadfruits 
and many other minor crops. The o ldest arche­
ological date for rice in India is 4300 BC. By 
that time other cereals such as wheat a nd 
sorghum had been introduced a nd were al­
ready in cultivation (Rao 1974). 

Aroids 

Alocasia macrorrhiza (A. indica). This is a 
very primitive crop, possibly domesticated in 
India (Assam, Bengal) , or in lndochina; in 
India other species (e.g. A. cucullata) are cul­
tivated and wild Alocasia is used as food. Its 
large trunk contains a fine starch, but because 
of the high oxalate content, it must be cut and 
baked on hot stones, or boiled. In Java and 
Tonga sorne cultivars are used only for their 
!caves. Alocasia spread only to the east to­
wards Melanesia and Polynesia. It is of sorne 
importance in Tonga and Samoa and to a ll of 
M icronesia, cspecially thc M arshall Islands, 
and was introduced into Brazi l in the last 
century as cattle feed. 

Amorphophallus campanulatus. This plant 
is found from India to Polynesia but with no 
clues as to the a rca of domestication. 1t is an 
ancient plant, low-yielding, and difficult to 
prepare for eating, with the result that it is 
being grown less a nd less. lt is cult ivated from 
India to Malaysia, and in Java as a backyard 
crop (Sastrapradja 1970). In Polynesia, it 
grows wild and is occasionally gathered, but is 
unknown in Micronesia (Barrau 1962). 

Colocasia esculenta. This species is found 
wild from India to Southeast Asia, and has 
spread throughout the tropical world and to 
the fringes of the temperate regions. 

Towards the east, the plant was spread by 
the Malayans and Polynesians to all the islands 
of Oceanía, including Hawaii, Easter Island, 
and New Zealand. In this vast arca, sorne 
hundreds of clones are known, but there is no 
complete survey of its diversity. From chromo­
some counts, it has been cstablished that there 
are two typcs, 2n = 28 and 2n = 42, with the 
former the predominan! type from India to 
Japan and Polynesia. Type 2n = 42 occurs in 
India, New Zealand, and the Philippines and 

sccms to havc originated in India. It has spread 
castward in recent times, but is not found in 
Polynesia (Yen and Wheeler 1968). 

lt reached China and thc Lower Yangtze 
va llcy and is mentioned in literature towards 
100 BC. From China it moved into J a pan. The 
introduction into the Philippines carne possibly 
through thc Sunda l slands. 

The sprcad of C. escu/ellta to the west is 
poorly documented. It rcached Egypt around 
100 AD, eithcr th rough Syria (and therc is 
sorne linguistic support for this, Tackholm a nd 
Dar 1950) , or through the Sabean Lane, sin ce 
it is found in Yemen from where it may have 
originated. From Egypt, it went through North 
Africa to Morocco and then to Spain and 
Portugal. lt spread also from Egypt to ltaly 
a nd to Cyprus, where it is a n old and im­
portan! crop. 

When, whcre and by whom Southeast Asían 
crops were transportcd to Africa is still open 
to question. 1 ndians or I ndonesians settled 
south of Ethiopia around 500 AD, lcaving in­
struments and practices, likc certain typcs of 
boats along thc coast of Zanj and the lakes, 
and they brought in thcir crop plants from 
Malaysia. Madagascar is culturally linked with 
Indonesia, and many of the words for crops 
like Tacca, coconut, ta ro, are the same in the 
two arcas. The Mala y sailo rs may have rcached 
the coast of Africa with the favourable winds 
during thc monsoon season. Propagation 
material of roots and tuber crops, brought in 
these trips, may have remained viable for 
weeks and very Iikely were established in 
Africa after many failures. Taro, bananas, 
greater a nd lcsscr yams, and sugar cane were 
adopted by thc Bantu people and other tribes 
on the continent. Either by the geographic 
spread of the former ethnic group, or through 
diffusion into different tribes, these crops 
reached central A frica and later on west A frica. 
Taro was a lready in cultivation in G ambia and 
San Thomé around 1500 (Mauny 1953). 

Taro was taken from west Africa to tropical 
America, probably in the carly 1 500s. How­
ever, it is difficult to establish its arrival because 
early descriptions confuse it with X anthosoma. 
By the end of the 18th century it had spread 
from the Caribbean to Brazil, and early in this 
ccntury to the southern coast of thc United 
States. Aga in, very little is known of its diver­
sity in this arca. Superior clones, called 
"dashee.n," are recent introductions but the 
native Xanthosoma, being more productive 
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and resistan!, has prevented the expansion of 
Colocasia esculenta in the American tropics. 

Cyrtosperma chamissonis. This aroid was 
not domesticated on the continent since it is not 
cultivated in India and Malaysia. Its range cx­
tends from Indonesia to the north side of New 
Guinea; in Melanesia, the Solomons and Fiji, 
but not in New Caledonia; in Polynesia, in the 
central part as far as the Marquesas, but not 
in Hawaii or Southeast Polynesia; throughout 
Micronesia, as it grows well in the Iow atolls 
( Barrau 1962). 

Yams (Dioscorea) 

Six species of Dioscorea were domesticated 
in this region: D. afata, the "greater ya m," 
originated in the area occupied by Burma and 
China where the rivers Irrawaddy, Salween, 
and Mekong ran closely and parallel to each 
other (Burkill 195 1) . This is a mountainous 
area with alternate seasons. Two wild species, 
closely allied to D. afata, and many primitive 
cultivars are found here. These yams grow 
large rhizl)mes deep in the soil to survive the 
dry season, and this characteristic may have 
attracted the attention of man since early times. 

The greater yam was taken first to the Sunda 
Islands, to the east, quite possibly only as 
clones with shallow-growing tubers. Many 
mutants were concentrated or appeared in 
these islands, differing in tuber shape and size, 
and in other characteristics, and this arca has 
the highest diversity of the species. Jt spread 
also to the Philippines and to all parts of 
Oceanía, including New Zealand. Toward the 
west, it extended to west India, stopped by the 
Great lndian Desert. It spread toward Africa, 
maybe taking the same route as taro, banana, 
and other Southeast Asian crops. It spread to 
East Africa and Madagascar, and later to 
central and west Africa. In the Iatter region, 
however, it did not become important because 
there were already native yams under cultiva­
tion. An historical expansion took place after 
1500, when the Portuguese brought it to the 
west coast of Africa. It becamc the main food 
in the slave ships and was marketcd widely as 
"Lisbon yams," especially from San Thomé. 
With the slaves, the greater yam arrived quite 
early, around 1530, in the Caribbean and 
Brazil, but in the New World its expansion was 
checked again by the African yams. 

Dioscorea escufenta, the "lesser yam," was 
possibly domesticated in the same area as D. 
alata. Wild types have been reported from 

India and Guam. Before the arrival of the 
Europeans, it had spread from Southeast Asia 
to the Philippines and into Oceanía but not 
beyond Tahiti, and north to China, where it is 
mentioned in the literature around 200 and 300 
AD. It was taken by the Portuguese, along with 
D. afata, around the Cape to west Africa. By 
selection, superior clones with larger and fewer 
tubers and less thorny stems have been ob­
tained in Southeast Asia and Oceanía. Recent 
collections suggest that this species has a 
greater potential than previously realized 
(Martín L974b). 

Dioscorea bufbifera was independently do­
mesticated in the region, and the Asiatic clones 
show morphological and cytological differ­
ences from the African cultivars. It is found 
from India to north Australia (onl y wild types 
on this continent) and all over Oceanía. Asiatic 
clones have recently been introduced to tropi­
cal Ame rica (Martín 1974a) . 

Dioscorea hispida extends from west India, 
where it is sporadica lly cultivated, to Malaysia 
and Papua New Guinea. In Java it is planted as 
a minor crop. The cultivated types are often as 
poisonous as the wild plants. 

Dioscorea nummularia is a relict crop, found 
from the Philippines to Borneo, Celcbes and 
Papua New Guinea and Tahiti, but is not culti­
vated in Java, Sumatra, or New Caledonia. 

Dioscorea pentaphylla grows wild in India, 
southern China (to 22•N), Philippines, In­
donesia , and al! over Oceanía; cultivated types 
have been selected in separate localities in 
Malaysia and Oceanía. 

Other minor root and tuber crops 
originating in this region 

Cordyline terminalis is found wild in South­
east Asia, Australia, and most of Oceanía; a 
clone with green foliage extensively planted 
for the fleshy roots that contain levulose 
(Ezumah 1970) . Curcuma augusti/olia is 
planted in ·south India as a source of starch, 
"East lndian arrowroot," and C. zeodaria, used 
for the same purpose, is cultivated mainly in 
north India and Sri Lanka (Kundu 1967). 
Tacca feontopetalcides is planted sporadically 
from Southeast Asia, Philippines to eastern 
Polynesia as a source of starch, the "T ahiti 
arrowroot." lt was possibly domesticated by 
Polynesians, who developed severa) ways of 
preparing it for food or starch, but it is now 
losing importance. lt was taken by Malays to 
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Madagascar but it is likely that the African 
cultivars found from west Africa to Ethiopia 
may have an indepcndent domestication. lt has 
not improvcd as has thc Malaysian crop. 
Pueraria thunbergiana (P. /obata) is cultívated 
in t he h1ghlands of Papua Ncw Guinea for its 
flcshy roots. Psophocarpus tetragonalobus is 
cultivated from India to Polyncsia, especially 
in Burma, for thc fleshy, swcetish roots. Its 
origin is unknown, though it could be traced to 
A frica. The recent interest in this crop is due to 
thc protein valuc of the seeds. lt is widely 
planted as a vegetable for its green pods. 

Root and tuber crops in thc Far East 

Severa! species have been domesticated in 
China or Japan but they have not spread much 
outside this region. In the last decades in 
C hina, both native and introduced root and 
tuber crops havc had a large cxpansion in arca 
and production. These far eastern species in­
elude: Dioscorea opposita, the "China yam," 
is possibly derived from D. japonica; Amor­
phoplwllus rivieri, or " bonjac," is found in 
Japan, China, and possibly Vietnam. lts origin 
is possibly south China, with quite a complex 
utilization in Japan ; Eleocharis dulcis, the 
"water chestnut," is assumed to be the culti­
vated form of E. tuberosa, a wi ld species widely 
distributed in the Asiatic tropics; Sagittaria 
sagittifo/ia is cult ivated mainly in China for its 
tubers, and was introduced by the Chinese to 
Polynesia and Stachys sieboldii, which is rc­
ferred to in the Chinese literature of the four­
teenth century, is also grown in Japa n. It was 
introduced into Europe al the end of the nine­
teenth century and became quite popular in 
Fra nce. 

A frica 

In Africa, more than in any other continent, 
we see a full range in the gradual transition 
in utilization of root and tuber crops, from 
gathering of wild materials to well-establ ished 
cropping systems. The African root and tuber 
crops were domesticated south of the Sahara, 
sorne in the savanna region, others in the 
Guinean forest. Afriea is also the meeting point 
for Asían and American roots and tubers, and 
nowhere elsc has there been such drastic re­
placements in these crops. Among the Asían 
roots and tubers, taro (Colocasia escu/enta) 
was the first. 

Severa! African crops were taken to Asia by 

the Malays o r Indians. Among the root and 
tubers, Plectranthus tuberosus was introduccd 
to 1 ndia and 1 ndonesia. Pcrhaps the two cul ­
tivated species of Psophocarpus, if they are 
Afr ican, fo llowed the samc route. 

From tropical America the introductions are 
more recent a nd importan!: cassa va, sweet 
potato X anrhosoma, and potatoes ha ve dras­
tically changed the agricultura! systems and 
food habi ts in west and east Africa. The 
Guinean yams were taken very early to the 
Antilles and the coast of Brazi l, during the 
slave trade, and are now the most importan! 
yams in thc region. 

Yams 
The main contribution of Africa in root and 

tuber crops is the domestication of the Guinean 
yams Dioscorea cayenensis and D. rotundata. 
These have been considered one species with 
D. rotundata as a subspecies of D. cayenensis, 
but the recen! trend is to keep them apart, 
partially based on anatomical characters 
(Coursey 1967). The Guinean yams are 
especially importan! in West Africa, a nd were 
probably domesticated in this arca 5000 BP. 

(Coursey 1976; Ayensu and Coursey 1972). 
Dioscorea cayenensis, thc "yellow yam," 

which is less importan! than the white yam, is a 
polyploid of unknown origin, although it may 
d erive from D. minuti[fora or other closely re­
lated species. Tt grows wild throughout West 
Africa, and was probably domcsticated in the 
Guinea coastal arca, spreading through the 
Guinean region in arcas of high rainfall. Thorn­
less clones have been introduced into tropical 
America. 

Dioscorea rotundata, the "white yam," is 
supposed to be a hybrid between D. cayenensis 
and D. praehensi/is (A yensu and Coursey 
1972). Jt is more widely adapted to moisture 
conditions, and its cultivation is most intense 
in N igeria. lt has spread from Senegal to south 
Ethiopia, including pa rts of the savanna area, 
and to Uganda, Angola, and Northern Rho­
desia. Jt is also cultivated in the Comores and 
Madagascar. The primitive types have thorny 
roots which provide good protect ion, but 
through selection of mutants, t hornless clones 
have been established and were taken to tropi­
cal America during the slave trade where it 
has become the most importan! yam. 

The following yams are of lesser importance. 
Dioscorea bulbifera, which was mentioned be­
fore, is found in Southeast Asia and Polynesia. 
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There are ditferences between the Asian and 
the African clones, the latter being less ad­
vanced in their domestication. Sorne clones do 
not produce underground tubers. lt grows 
roughly between 1 o•N and to 1 o•s lat through­
out west Africa and from the Nile valley near 
the Ethiopian border to Southern Rhodesia. 
The clones in tropical America seem to belong 
to the African group. Dioscorea dumetorum is 
cultivated particularly in the border of the yel­
low yam plots, and is found wild through 
Africa from 15· N to 15•s (Ayensu and Cour­
sey 1972). Other species cultivated are D. 
abyssinica, D. colocasiijolia, D. hirtifiora, D. 
praehensilis, D. quartininiana, and D. san­
sibarensis. In Madagascar a number of local 
species (D. anta/y, D. ovina/a, D . soso, the latter 
with very swect tubers) ha ve been domesticated 
but their cultivation is being reduced by cas­
sava and sweet potato. 

The African tuberous Labiatae 

In the mint family (Labiatae) the formation 
of tubers is not uncommon, as was mentioned 
under Stachys sieboldii. Two African species 
have been domesticated. One was taken sorne 
centuries ago to India and Indonesia, and has 
become a regular crop in these countries 
( Chevalier 1905). 

Plectranthus esculentus (Coleus dazo, C . 
esculentus, C. langouassiensis, C. fioribundus), 
the "Kafir potato" is native to west and central 
Africa, though its origin and variability are un­
known. The plant produces many elongated 
tubers, arising from the central stem. 

Solenostemon rotundijolius (Coleus dysin­
tericus, C. rotundifolius, C. coppini, Plectran­
thus tuberosus, P. ternatus), the "Hausa po­
tato" is cultivated in west and central Africa to 
Transvaal and Madagascar. The plant pro­
duces spheric to ovoid tubers, dark red and 
white. lt is an old introduction to India 
("koorkan"), Malaysia, Indonesia, and recently 
to the Philippines. 

Tuberous Leguminosae 

Two species of possible African ongm, 
Psophocarpus palustris and P. tetragonolobus, 
are cultivated widely in tropical Africa and 
Asia for their fleshy, sweet roots and for the 
green pods. The second species, by far the 
most importan!, is intensively cultivated in 
Burma for its tuberous roots. The origin of 
these species is unknown. Psophocarpus is 

found from tropical Africa to Papua New 
Guinea. 

Sphenostylis stenocarpa, one of the "yam 
beans," of African origin possibly from 
Ethiopia, is cultivated in east Africa and the 
Guinea area for its spindle-shaped tubers and 
dry seeds. 

Tacca leontopetaloides 
(T. involucrata, T. pinnatifida) 
This species is found wild from Senegal to 

East Africa and also in Southeast Asia and 
Oceanía. In Africa it is seldom cultivated. The 
tubers require careful preparation to remove 
the toxic prinCipies; in sorne places they are 
used as a source of starch. 

Tropical America 

The three most importan! root and tuber 
crops- potatoes, cassava, sweet potato -
come from Tropical America. Other crops, like 
Xanthosoma, are of high potential value and 
severa! minor crops otfer limited possibilities 
due to their physiological requirements. 

The American root and tuber crops have 
two main arcas of domestication - the high 
Andes and the lowlands in northern South 
America, and a secondary arca, Middle Amer­
íca. The Andean crops include potatoes, oca 
(Oxalis tuberosa), mashua (Tropaeolum tu­
berosum ), ulluco ( Ullucus tuberosum), and 
maca ( Lepidium m eyeni) that were domesti­
cated in the Peruvian-Bolivian altiplano, above 
300 m, and two crops native to the northern 
section of the Andes (i.e. Colombia), at lower 
elevations (1000-2500 m), arracacha (Arra­
cacia xanthorrhiza) and yacon (Polymnia 
sonchifolia). In the Andes, other root and 
tuber crops were early introduced from lower 
arcas and became an important part of the 
agricultura! complex: sweet potato, achira 
(Canna .edulis), ahipa (Pachyrrhizus sp). 

The second source of root and tuber crops 
is the lowlands of northern South America in­
cluding the Antilles, an arca of very imprecise 
Jimits, in which Xanthosoma spp., arrowroot 
(Maranta arundinacea ) , !airen (Calath ea al­
lorlia) , Pachyrrhizus tuberosus, and possibly 
cassava and sweet potato were domesticated. 
Middle America, which is so rich in native 
crops, has contributed few and unimportant 
crops: jicama (Pachyrrizus erosus) is the most 
outstanding and has spread to Asia and 
Oceanía. In pre-Colombian times and even to-
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day in remote localities, sorne plants are 
gathered for their tubers or corros: Bomarea 
edulis, Daleclwmpia spp., sorne beans ( Phase­
olus), Tigridia pavonia, and Dahlia spp. The 
Iast two species are now grown as ornamentals 
but were once used for their corros and fteshy 
roots respectively. Sechium edule is planted for 
its fruit though it also yields edible roots. The 
early introduction of cassava and sweet potato 
to Middle America probably prevented the 
domestication and expansion of the local tuber 
crops. 

Cassava 
Cassava (Manihot esculenta) , known only 

under cultivation, is a complex of clones show­
ing the widest morphological diversity in the 
Paraguay- South Brazil area. C lusters of 
closely-related species to cassava are located in 
both North and South America ( Rogers and 
Fleming 1973) , but no wild species ha ve been 
suggested as a possible ancestor. The time and 
place of domestication are unknown. The most 
important trait for the use of cassava as a food 
is the HCN content in the roots, which has a 
wide range from high (bitter cassavas) to very 
low (sweet cassavas ). There is a clear correla­
tion in the geographic distribution of the two 
kinds: sweet cassavas occur in the western side 
of South America, Central America- Mexico, 
while bitter clones are planted mainly in the 
eastern side of South America and the Antilles, 
with an overlapping area in between ( Renvoize 
1972). Archeological evidence is very scarce. 
The remains of cassava leaves have been iden­
tified in caves in Mexico dated 2500 BP, and 
tubers in coastal Peru from about the same age. 
Indirect evidence, such as the presence in early 
times of grinding stones in Colombia and 
Venezuela assumed to be used for grinding 
cassava roots, is not very convincing. lt is also 
assumed that cassava flour was an important 
article of commerce in northern South America 
in the second and third millenia BC (Jennings 
1976) . What is clear is that cassava was more 
intensively used in South America than in 
Middle America. In the former arca, the 
artefacts for the preparation of flour were far 
more developed, and other uses, such as the 
utilization of Ieaves as vegetables or for the 
preparation of sauces, are typical of South 
America. Archeologica1 information, such as 
representations in ceramics and early historical 
information, gives additional support to a more 
intensive use in Soutb America. lts role in the 

Mayan agriculturc is still open to discussion 
( Bronson 1966; Cowgill 1971), but it is un­
likely that cassava could have been a very 
importan! food source in the conditions of 
Yucatan and Pctén. All this may point to a 
South American domestication and the fact 
that its spread towards the north was restricted 
to the swect varieties. On the other hand, 
Humboldt suggested that the sweet types may 
have been domesticated first and that later on 
man lcarncd how to utilize the bitter varieties. 

Cassava was introduced early to Africa by 
the Portugucsc. Thc first published report by 
Barré and Thevet is dated 1558 (Mauny 1953). 
Further spread insidc Africa was determined 
by its adoption first as a vegetable and later as 
a flour sourcc in thc Kingdom of Congo, which 
was an advanccd state that influenced the rest 
of tropical Africa. The sprcad apparently was 
rather slow, but was favoured by the resistance 
of cassava to locusts (Jones 1959). 

Cassava was introduced to India and South­
east Asia late in the oineteenth century. 

Sweet potato 
Sweet potato (lpomoea batatas) was the 

only food crop common to Tropical America 
and Polynesia beforc the Discovery. As such, it 
has raised a long discussion on which of the 
two regions is its place of origin and on how 
its early dispersa! occurred (Yen 1974). The 
recen! discovery in coastal Peru of sweet potato 
tubers dating from 10 000 BP (Engel 1970) 
settles the question of the origin, as this date by 
far antedates any agricultura! development in 
Polynesia. H owcver, it should be considered 
that, like all o ther plants cultivated in the 
coastal rcgion of Peru, sweet potato was in­
troduced from clsewhcre, possibly from the 
north, the coastal area of Ecuador and Colom­
bia, where close wild types have been found 
(Martín et al. 1974), or from across the Andes, 
like Canna edulis and other crops. 

At the arrival of the Europeans, the sweet 
potato was known in a ll Tropical America, 
with an important arca of diversity a round the 
Caribbean. Oviedo, writing in 1530, reports 
that severa) varieties he had seen in the early 
days of the Conquest were already disappear­
ing. 

The spread of the sweet potato to the Old 
World was quite rapid; it was introduced in 
Spain, after severa! fa ilures, as living plants 
before 1550. It is not known how it reached 
Africa, whether from Spain or from tropical 
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America. A report that sweet potato was grown 
in San Thomé in 1520 seems doubtful (Mauny 
1953). More reliable information shows that 
it was widely cultivated by the end of the seven­
teenth century in West Africa, and a century 
later all over the tropical areas of the con­
tinent. 

The introduction to Polynesia, as discussed 
above, has not been properly explained. It 
could have been accidentally transported in 
one of the Peruvian rafts lost in the Central 
Pacific, which reached Polynesia where the 
crop was established by Indo-Americans and 
developed later on by Polynesians. It has been 
proposed also that the sweet potato may havc 
been taken to Polynesia by one of the Spanish 
expeditions that visited the arca starting from 
Peru in the sixteenth century. It was taken to 
China in 1594 and after a famine in Fukien, it 
later became an important crop. Sweet potato 
was introduced early to Japan from Okinawa 
and cultivated and adopted in the southcrn 
region up to 35"N. 

Xanthosoma 
The identification of the species of X antho­

soma, cultivated for the corms, is still not clear. 
The "species" described vary between them­
selves like the clones of taro which is now con­
sidered to be one species. The genus is found 
from Mexico to Brazil, but the cultivated 
"species" are centred around the Caribbean. 
There is no information on the evolution of 
this crop. It is superior to taro in yield, re­
sistance to disease, adaptability, and taste, and 
therefore it is not surprising that this species is 
replacing taro all over the tropics. Xanthosoma 
was introduced to Africa by the middle of the 
last century, where the replacement is most 
active. 

Tubers of the high Andes 
A group of tuber crops was domesticated 

in the high Andes, above 3000 m, where they 
are now intensely cultivated ( Léon 1964) . The 
most important are the potatoes, which at pres­
ent are considered as one species, Solanum 
tuberosum, including: (i) two tetraploid groups, 
Tuberosum and Andigena; (ii) a triploid, 
Chaucha; (iii) two diploids, Phureja and 
Stenotomum; (iv) two intersperific hybrids, X 
juzepozukii, triploid, a cross between S. tuber­
osum X S. acaule, and X curtilobum, resulting 
from S. tuberosum X juzepozukii (Ugent 
1970). 

In spite of its importance, very little is 
known on the domestication and early dis­
persal of the cultivated potato, but the com­
plcxity of its structure as a species shows that it 
has a long history. The oldest tubers are dated 
200 BP (Ochoa, personal communication) and 
potatoes are represented in ceramics of the 
third century BC. Although very little is known 
of the domestication process, the early spread 
to Europe and other continents is fairly well 
documented (Dodds 1966; Hawkes 1967). 

Other root and tuber crops of the highlands 
are: Oxalis tuberosa, or "Oca", of which no 
wild ancestors are known. It has a large num­
ber of clones ditfering in size, colour, and shape 
of the tuber, plant size, foliage colour, and 
heterostyly. Clones with bitter tubers are used 
to prepare "chuño." The oca was introduced 
into Mexico during colonial times ("papa ex­
tranjera"), into southern France, and last 
century to New Zealand where it is called 
"yam." Ullucus tuberosus has slimy tubers 
which are not as attractive as ocas, but they are 
consumed even in the large towns. Wild or 
ancestor types grow in the highlands of Peru 
and Bolivia. Two main groups of clones are 
known: in the northern extreme of the range 
(Colombia), with trailing branches and large, 
red tubers; and in Peru and Bolivia, erect, short 
branches, with multi-coloured tubers. The 
ulluco was introduced into southern Europe 
but it is not planted. Tropaeolum tuberosum 
grows in the same area as oca. No wild rela­
tives are known, although sorne other South 
American species are reported to form large 
tubers. Two main groups of clones are known: 
in Colombia, tubers are slim, white, with deep 
eyes from which emerge fine rootlets; and in 
Peru and Bolivia, the tubers do not have root­
lets and the predominant colours are yellow 
with purple Iines or fine points. The mashua 
grows often at altitudes where only bitter 
potatoes are produced. L epidium meyeni pro­
duces a radish-like root, sweet, yellow or dark 
purple in the highlands of Peru, above 400 m. 
It is a relict crop that is rapidly disappearing. 

Other Andean root and tuber crops 
At lower elevations in the Andes, between 

O and 3000 m, severa! root and tuber crops 
are grown: A rracacia xanthorrhiza. "Arra­
cacha" is cspecially important in Venezuela and 
Colombia; no wild types are known and it 
seems to be of ancient cultivation. Severa! 
clones are known to differ in shape and size of 
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the roots, foliage, colour, etc. It has been in­
troduced into Middle America, Brazil, East 
Africa, India; Canna edulis is possibly native 
to the eastern part of the Andes, and was 
brought to the coast of Peru where it has been 
cultivated since 4000 BP; diploid and triploid 
types are known (Mukherjee and Khoshoo 
1971) ; cultivated in Australia ("Queensland 
arrowroot"), Hawaii, India, Polynesia; Po­
lymnia sonchifolia is cultivated from Vene­
zuela to Argentina, and according to Bukasov 
(1930) grows wild in Colombia. The tuberous 
roots are fleshy, contain sugar ( 10%), and 
were uscd in colonial times on long sea trips; 
introduced to southern Europe as a forage 
crop; Pachyrriws sp. are ancient crops in the 
Andes, probably introduced from the Ama­
zonian lowlands. 

Minor tropical American 
root and tuber crops 
The West Indian yam (Dioscorea trifida) is 

the only species of the genus domesticated in 
the American tropics, although other species 
are gathered, particularly in Brazil. The species 
has the highest diversity in the arca between the 
Guianas and Brazil and selected types are 
planted in the Antilles. lts domestication was, 
of course, independent of the Asiatic and 
African yams (Alexander and Coursey 1969). 

Arrowroot (Maranta arundinacea) was, 
around the middle of the eighteenth century, 
used mainly to cure the wounds from poisoned 
arrows, and also started to be used in the 
Antilles as a souree of stareh ( the "St. Vincent 
arrowroot" - Stutervant 1969). 

Lairen (Calathea allouia) was intensively 
cultivated at the time of the Discovery in the 
Great Antilles and the Continent. The ovoid 
tubers are now used for food mainly in Vene­
zuela. 

Severa! species of jícamas (Pachyrrhizus spp.) 
are cultivated in South America, and are par­
ticularly important in Mexico and Central 
America. From Mexico the plants went, by the 
Acapulco-Manila connection, to the Philip­
pines and subsequently spread to Southeast 
Asia and Oceanía. Plants of the same "species" 
offer such a variability in size, shape of leaves, 
and tuberous roots that the specific limits are 
difficult to recognize. 

Conclusion 
In considering the evolution of root and 

tuber crops, the roles of polyploidy, mutation, 
and vegetative propagation give sorne clues to 
the general process. Sorne outstanding research 
in sweet potatoes has established the possible 
transi tion stage of the wild diploids to a com­
plex hexaploid, and has recognized wild popu­
lations which may have had a role in the de­
velopment of the crop. But in sweet potato, and 
even in the common potato, there is an appall­
ing ignorancc as to how domestication traits 
occurred. Today there are increasing doubts 
among anthropologists and botanists about tbe 
capacity of primitive man to have carried out 
crop selection. Primitive farmers profited from 
the presence of edible organs in certain species. 
Howcver, it is quite difficult to explain how he 
could carry on the improvement of inherent 
traits without knowledge of the rules of ge­
netics and the help of permanent records. On 
the other hand, primitive man exchanged 
planting materials with his neighbours, and in 
vegetativc crops he introduced superior clones 
and thus eventually contributed to their hybrid­
ization. At the same time, by moving crops to 
new arcas, he restricted the possibilities of 
further crossing with the species of its native 
habitat. Man-made isolation has been, there­
fore, an important factor in the evolution of 
crop species. Man has also executed an im­
portant action in taking plants to new habitats. 
This is seen more clearly in relation to the­
selective impact of diseases and pests, such as 
the attack of cassava viruses in Africa. 

Roots and tubers are ancient crops and 
primitive man independently domesticated 
species of the same genus (Dioscorea) or of 
allied species (Colocasia and Xanthosoma, 
Pachyrrhyzus and Pueraria) in different parts 
of the world and at different times. Many of 
these crops, due to physiological constraints or 
Jack of acceptability, have not spread farther 
than their native habitat, and in fact many 
are now becoming relicts in old agricultura! 
systems. Their spread, particularly after the 
Discovery, has led to competition among them­
selves and to the eventual replacement of sorne 
species, a process that eontinues toda y. 

Root and tuber crops are associated with 
primitive systems of agriculture. A duality has 
been cstablished between seed agriculture, 
which is supposcd to be a dynamic process 
characteristic of advanced communities, and 
vegetative propagation which is supposedly 
maintained by more primitive communities. 
The fact is that in the tropics there is no such 
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difference, and root and tuber crops as the only 
source of energy food are found only in a few 
isolated communities. Grains and tubers are 
integral parts of most agricultura\ systems in 
which they have different not antagonistic 
roles. Perhaps the best answer to the academic 
problem of seed versus vegetative culture Iies 
in the ceramics of the Trujillo valley in North­
ern Peru. On one of these ceramics dating from 
around 1500 BP an lndian farmer is shown 
holding, at the same leve!, a corn plant in one 
hand and a cassava plant in the other. 
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Giant Swamp Taro, a Little-Known Asian-Pacific Food Crop 
Donald L. Plucknett1 

Cyrtosperma chamissonis (Schott) Merr., a member of the Araceae and probably 
nalive lo Indonesia, has now spread easlward lo become a minor crop in lhe Philippines, 
Papua New Guinea, and sorne Pacific lslands, but a major crop on coral alolls and low 
islands of the Pacific. A hydrophyte, and exlremely hardy perennial, it grows in coastal 
marshes, natural swamps, and man-made swamp pits in condilions unsuilable for olher 
staple crops. Yields vary, but 10-15 metric tons of the large edible corms per hectare 
per year have been produced. There is a great need to collect and evaluate cultivars now 
in use for salinity and ftooding limits. short crop duration, superior food value and 
acceptance, and other faclors, before they are lost through neglect. 

Recently, interest in subsistence tropical 
food crops has increased. Root crops have 

lSoil and Water Management Division, Office 
Agency for lnternational Developmenl, Washing­
College of Tropical Agriculture, University of 
of Agriculture, Technical Assistance Bureau, 
ton, D.C., USA 20523. (Permanent address: 
Hawaii, Honolulu, Hawaii, USA 96822). 

benefited from this new emphasis on in­
digenous staple foods. 

Sorne roots crops, however, are so poorly 
known or understood that they continue to be 
neglected. Cyrtosperma chamissonis (Schott) 
Merr., commonly called giant swamp taro, is 
such a crop. The only cultivated member (if 
C. merkusii is a separate species, then there are 
two cultivated species) of a pantropic genus of 
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Araceae found in Africa, Asia, and America, 
Cyrtosperma is grown mostly in the Pacific Is­
lands and in sorne parts of Indonesia, the Phil­
ippines, and Papua New Guinea. It is most im­
portan! as a food crop in the atolls and islands 
of the Pacific, where intricate systems have 
been devised to grow it (Massal and Barrau 
1956; Barra u 1961; Ka y 1973) . Beca use it is 
extremely hardy and can be grown in fresh or 
brackish water swamps, it fulfills a need to find 
crops suitable for suboptimal conditions on 
marginal lands ( Piucknett 1970, 1975, 1976). 

Despite its importance, little is known of 
Cyrtosperma, and probably only ethnobot­
anists, anthropologists, and a few local agricul­
turists have studied its management. This 
paper wi!l summarize the state of knowledge 
about the crop as well as to suggest sorn e re­
search needs. 

Early History 
Cyrtosperma chamissonis probably ongi­

nated in Indonesia, from where it spread east­
ward in prehistoric times to thc Phil ippines, 
Papua New Guinea, and the islands of the 
South Pacific, to become a minor crop in 
Melanesia and Polynesia, but a major crop in 
Micronesia (P!ucknett 1976). It is probably the 
most important staple food crop of the coral 
atolls. Although probably introduced to French 
Polynesia in the post-European discovery era 
( Barrau 1971), it is now grown in the follow­
ing countries or islands: Indonesia, Philippines, 
northern coasts of Papua New Guinea, Solo­
mon Islands, Fiji, Tahiti , Cook Islands, Toke­
lau Is!ands, Samoa, Palau Is!ands, Yap, Truk, 
Ponape, Marshalt Islands, Caroline Islands, 
Gitbert Islands, and the Marquesas Islands 
(Brown 1931; Parham 1942; Massal and Barra u 
1956; Barrau 1957, 1971). 

Botany 
A member of the Araceae, Cyrtosperma is 

classified as follows: Tribe Lasiodeae, and Sub­
Tribe Lasieae. Like most edible aroids, the 
taxonomy of the species is confused; synonyms 
or incorrect names for C. chamissonis are: C. 
merkusii (Hassk.) Schott (this may be the cor­
ree! name for the large Asian species, whereas 
C. chamissonis is thought to be the Pacific 
species; personal communication, Dr Dan 
Nicolson, Smithsonian Institution, Washing­
ton, D.C., USA) , C. edule Schott, C. nadeau-

dianum Moore, Apeveoa esculenta Moeren­
hout, Arisacontis chamissonis Schott, and 
Lasia merkusii Hassk. ( Barrau, 1957, 1959). 
It is often confused with A locasia, and has 
sometimcs even been confuscd with X antho­
soma. 

Cyrtosperma chamissonis is a giant peren­
nial herb ( Fig. 1) , ranging from 1 to 6 m 
( most!y 2 to 3 m) in height; the ercct lea ves, 
6-8 at a time, are hastate-sagittate, with long 
acute basal lobes, dark green, and shiny; the 
petioles are thick, long, cylindrical, tapering 
toward the tip, often spiny near the lower parts, 
a ttachcd at the base in a spiral arrangement to 
the large corms; the spadix is purp\ish, tubular , 
covcrcd with an open spathe which tapers near 
the tip ; the flowers on the spadix are her­
maphroditic; the fruit is a berry, and seeds are 
sometimes fertile ; the main stem is a short, 
thick, branched, somewhat cylindrical corm 
resembling a banana rhizome that is large, 
ranging in size to as much as 1-2 m in length 
and 0.3-0.6 m in width, and in weight from 4 
to as much as 100 kg or more; the cormels, 
which produce sucker shoots, arise from buds 
on the large central corm ( Brown 1931 ; 
Barrau 1957; Massal and Barrau 1956; Pancho 
1959). 

The Crop Itself 
Cultivars vary widely in size, leaf shape and 

size, spininess of petiole, time to maturity, and 
colour or colour patterns of various plant parts, 
including the flesh of corms. 

Cyrtosperma is primarily a tropical plant, its 
limits as a crop being about 18"N (Mariana 
Islands) to 2o•s (Cook Islands). Probably 
originally a plant of coastal swamps or Iower 
elevation rain forests, it is grown mostly near 
sea level in coastal marshes, natural swamps, 
or man-made swamp pits. It requires abundant 
water, but can grow under moderate rainfall in 
deep swamps with partial shade (Sproat 1968). 
Under year-round high rainfall it may be 
grown as a rain fed crop to elevations of 150 m 
or so ; however, it is in the low swamps that the 
crop is most importan!, for íts relatives ­
Colocasia, X anthosoma, and Alocasia - are 
more successful as rainfed upland crops. 

Cyrtosperma can withstand :flooded condi­
tions unsuitable for other food crops and grows 
better under continuous flooding than most 
varieties of Colocasia or rice. Additionally, it 
tolerates brackish water, although it is not 
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Fig. l . Farmers anda Cyrtosperma chamissonis 
plan/ on Yap l sland in the Pacific; in the centre of 
the picture are sells or cuuings of Cyrtosperma 
(right) and Colocasia (leff) whic!t !tuve been pre­
pared for planting. The cy/indrical corm, /urge 
petioles, and characteristic hastate-sagittate leaves 
o/ Cyrtosperma are clearly illustrated (Piwtograph 
courtesy of Edward De la Cruz). 

certain just what its Iimits of tolerance to 
salinity are. Cultivars should be studied to de­
termine their salinity tolerance. 

On Malaita in the Solomon Islands Cyrto­
sperma is grown in coastal swamps just be­
hind the fringing mangrove swamps (Barra u 
1958). lt is grown on sorne of the high islands 
of the Pacific, but it is on the low islands or 
coral atolls that the crop reaches its maximum 
importance, mostly because it is one of the rare 
food plants that can grow and yield under the 
difficult conditions prevailing there. Here the 
soils, if any, are shallow and consist mostly of 
sand or partially decomposed coral rock. To 
create a suitable environment, the people dig 
pits or trenches down through the coral to the 
freshwater lens. They haul in soil , sand, and 
compost - coconut lea ves, refuse, green 
manures, animal manure, and other vegetative 
matter- to crea te a growing medium. Over 
the years these man-made pits develop a soil of 
sorts in which, when supplemented with 
further vegetative mulches, crop residues, and 
garbage, Cyrtosperma and Colocasia are 
grown. Such pits are found in the Mortlock 
Islands, the Gilbert Islands, the atolls of the 

Ponape District, Yap, Palau, Truk, and the 
southern M arshall Islands ( Sproat 1968). 

Sproat (1968) states: "Ideal growing con­
ditions would be natural swampland rich in 
humus about two to four feet in depth with 
slow running irrigation water." 

Planting 
Cyrtosperma is propagated vegetatively, 

using setts ( cuttings) and young corroe! shoots 
(suckers) that are separated from the base of 
the mother plant. Setts ( sometimes called 
stalks) are prepared from the tops of harvested 
plants; these consist of the upper 3-5 cm of the 
tip of the corm, plus the lower 0.3-0.5 m of 
the petioles ( Fig. 1 ) . In Ponape, the people 
consider that setts should not be cut from 
plants in which the base of the clustered 
petioles is less than 4 cm or so in diameter. 
Larger setts are considered stronger and more 
vigorous. 

Cyrtosperma can be planted year-round, 
provided that satisfactory growing conditions 
prevail. Planting is done by hand, by inserting 
the setts or suckers into the soft mud of the 
swamps. Planting depth varíes, but 10-15 cm is 
probably fairly standard. 

For nonpuddled or firmer soils, planting 
boles or furrows may be prepared using a 
digging stick to prepare individual boles, or 
shovels or similar tools to prepare furrows. 
Furrows may be 15-25 cm to as much as l m 
deep. After emplacing the setts or suckers in 
the furrows, the furrows are partially filled 
with soil to the desired depth for the planting 
material used. 

Spacing 
Growing conditions and cultivar size 

greatly influence the plant spacings that are 
used. Cyrtosperma is a 1arge plant, and it re­
quires a fairly large area in which to grow. 
Also, because the crop may require from 2 to 6 
years to mature, two or three crops of Colo­
casia are often intercropped with Cyrtosperma 
while the latter crop is growing. 

Spacings vary; from 1.2 X 1.2 m (Pa1au); 
0.4-0.6 X 1-1.3 m (Ponape district atolls); 
1 X 1- 1.1 m (Truk); 0.6 X 1m (Ponape); to 
as close as 0.6 X 0.6 m in Yap where corm 
yields are highest and the crop is very im­
portant. 

Plant Nutritional Requirements 
Little is known of the nutritional needs of 
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Table 1. Relative nutritiona1 va1ue, per 100 grams of edible portion 
of corms, of Colocasia esculema and Cyrtosperma c/wmissonis 

(Murai el al. 1958). 

Nutritiona1 factor 

Ca1ories 
Protein (g) 
Carbohydrate (g} 
Calcium (mg) 
Phosphorus (mg) 
Iron (mg) 
Thiamine (mg) 
RiboHavin (mg) 
Niacin (mg) 

Cyrtosperma, but it is known that the plant 
responds readily to composts and organic 
mulches. 1t is a large plant with a long crop 
duratíon, and its nutritíonal requirements may 
be hígh. This needs study. 

Crop Duration 

Long crop duration is one of the major 
limitat ions of the crop, which varíes from 1 
to 6 years or more in length, wíth 2 years being 
about the average harvest date for most South 
Pacific cultivars. H owever, shorter-term culti­
vars exist, and these should be exploited to the 
extent possible. For example, the island of 
Kusaie has 4 cultivars in which harvest ing 
may bcgin as early as 6 to 12 months after 
planting. 

HarYesting 
Cyrtosperma is hand harvested. Corms vary 

greatly in size, from an average 2 kg in Truk 
and 4.5 kg in Yap, to as high as 20-50 kg or 
more for the longer-lived giant types. The 
largest corm recorded appears to be one in 
Ponape that weighed about 180 kg, and that 
required 12 men to 1ift the who1e plant from a 
swamp ( Ponape Agricu1ture Demonst ration 
Station 19 50). 

Recorded yields in various arcas are as fol­
lows: general, 1 O metric tons/ ha/year (Ka y 
1973); Truk, 15.9 metric tons/ ha/crop (un­
specified crop period) ; Yap, 1 20 metríc tons/ 
ha (four year average crop duration, close 
spacing). This equals 30 metric tons/ha/ year; 
Pa1au, 42.5 metr ic tons/ ha/ crop ( unspecified 
crop periods); and Micronesia, 13.4-16.8 
metric tons/ha/ year (Sproat 1968 ) . 

Pests and Diseases 

Cyrtosperma is reputed to be practically free 

Colocasia 

!53 
1 

37 
26 
51 
1.0 
0.092 
0.030 
0.85 

Cyrtosperma 

131 
0.9 

31 
334 

56 
1.2 
0.045 
0.074 
0.88 

of insect and discase attack (Sproat 1968). Jt 
is ccrtain ly true that the crop receives little 
management attention in many places where it 
is grown, and that it is extremely hardy. 

Food Uses 

Cyrtosperma is grown mainly for its starchy 
corms, which are prepared much likc Colo­
casia. Corms can be peeled and boiled in water, 
o r pceled, chopped, and cooked with coconut 
milk. They a lso may be roasted or steamed. 
Somctimes corms are peeled, scalded, chopped, 
sun-dried, and stored for a few months (Massal 
and Barrau 1956; De la Cruz 1973) . Recipes 
and food uses a re given in Owen ( 1973), 
Sproat ( 1968), De la Cruz ( 1973) , Murai et al. 
(1958) , and Gesmundo ( 1932) . 

Leaves and young inftorescences are used as 
vegetab1es (Ka y 1973). The pctioles yield a 
fibre that can be used in weaving. 

Food Quality 

Colocasia and Cyrtosperma are about equal 
in carbohydrates and calories, a lthough Cyrto­
sperma has about twice as much fiber as Colo­
casia (Murai et al. 1958). Table 1 contrasts the 
relative nutritional value of Colocasia and 
Cyrtosperma. 

Special thanks are extended to Professor Juan 
V. Pancho of the University of the Philippines 
at Los Baños for providing valuable assistance and 
support for field work in the Phi lippincs and to 
Dr. Dan Nicolson of the Smithsonian Institution, 
Washington, D.C., USA for taxonomic help on 
C. chamissonis and C. merkusii. 

This paper is published with the approval of 
the Director of the Hawaii Agricultura! Experi­
ment Station as Journa1 Series No. 2029. 
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A Review of Sexual Propagation for Y am lmprovement 

Sidki Sadik1 

The development of methods to germinate seeds now make it possible to improve 
white yam (Dioscorea rotunda/a) through sexual propagation. Previous difficulties in 
seed germination resulted from the failure to recognize a 3--4 month dormancy period, 
and because many seeds lack well developed embryo and endosperm. At the end of 
dormancy, seeds germinate in 3 weeks. Since 1973, about 40 000 genotypes have been 
produced through sexual propagation. This provides a wide range of genetic diversity 
to improve yam by selection for desirable characteristics. 

Genetic diversity in white yam (Dioscorea 
rotundata) has been narrow and hopelessly in­
adequate for plant improvement. This has re­
sulted primarily from lack of hybridization, 

IJnternational lnstitute of Tropical Agriculture, 
P.M.B. 5320, lbadan, Nigeria. 

and contínuous vegetative propagation. Yam 
breeders have long recognized this limitation 
and its adverse effect on yam improvement. As 
a result, all improvement efforts have been de­
voted to selection among the small number of 
existing cultivars. Attempts to improve the 
crop by selection, however, have proven futile, 
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judging by the slow rate of improvement and 
the resulting decline in yam production during 
recen! years. 

Lack of h ybridization and its adverse con­
sequences were recognized as the most im­
portan! Iimiting factor for yam improvement 
through breeding at the International Institute 
of Tropical Agriculture (JITA), when the 
Root and Tuber Improvement Program was 
initiated 6 years ago. lt was believed then that 
unless hybridization could be accomplished, 
little contribution could be made over what 
previous breeders had done. 

With that in mind, research on yam im­
provement at liT A was set out to identify and 
solve the problems and overcome the con­
straints that prevent yam hybridization. 

Constraints 

Many factors contribute to lack of hybridiza­
tion. The following, however, are the most im­
portan!: 

Flowering - Many of the importan! yam 
species cultivated for their edible tubers do 
not ftower, and among plants that ftower, there 
is a high male-to-female ratio. In West Africa, 
only a small number of D. rotundata plants 
established through vegetative propagation 
ftower. In other regions, such as the Carib­
bean, ftowering has not been reported although 
it may exist. Sorne D. afata cultivars ftower 
abundantly and produce both maJe and female 
plants, but fruit production according to 
Martín (personal communication, 1975) is ex­
tremely rare and none of the fruits contain 
seed. Work by Rao et al. ( 1973) suggests that 
although D. afata flowers, fruits and seeds are 
not obtained because of hexaploidy. Flowering 
of D. esculenta has not been reported in West 
Africa or elsewhere. D. cayenensis, an import­
an! yam in West Africa, f\owers occasionally, 
but produces only male flowers. D. dumetorum 
produces both male and female plants and 
abundan! fruiting, however seed germination is 
yet unknown and requi res investigation. D . 
bulbifera and D. tri/ida ftower profusely and 
produce viable seed ( Heñry 1967) . 

Pollination, jerti/ization, and incompatibility 
- Because of the dioecious nature of yam and 
the smallness of flowers, polleo transfer from 
maJe to female plants can be a problem. H and 
pollination is possible, but not practical. Due 
to the sticky nature of polleo grains and their 
strong adherence to anthers, wind pollination 

is not possible, and therefore it is believed that 
polleo is transferred by night insects (Coursey 
1967) or by small insects such as thrips, 
Larothrips dentipes (Pitkin 1973). In addition 
to the physical difficulty of pollen transfer from 
maJe to female plants, the viability of polleo 
grains is poor and certain ínter- and intra­
specific barriers may exist that result in pre- or 
post-ovular breakdown and embryo abortion 
( Rao et al. 1973). 

Seed germination- Despite ftowering scar­
city and difficu lties encountered during polli­
nation, ferti lization, and seed development, a 
small number of fruits with fertile seeds can be 
found occasiona lly on D. rotundata plants in 
farmers' fields in West Africa and elsewhere. 
Many attempts over the years to germinate 
such seed to produce plants with greater genetic 
diversity were only partially successful and 
were abandoned because of the common be­
lief that the seeds were not viable. Such belief 
a lmos! became accepted as fact and researchers 
were discouraged from pursuing further re­
search on seed germination after the work of 
Waitt in 1959. 

Since 1973, however, Sadik and Okereke 
( 197 5) ha ve germinated D. rotundata seeds on 
a large-scale basis and have produced more 
than 40 000 genotypes. Other workers, since 
then, have successfully germinated seeds and 
their progenies have been used for selection 
(Doku 1973; Okoli 1975). 

Seed Germination and Seedling 
Establishment 

Sadik and Okereke ( 1973) discovered two 
major fac tors limiting seed germination of D. 
rotundata. First, a large number of seeds are 
not viable because they lack well developed 
embryo or endosperm; and second, seeds have 
a dormancy period of about 3-4 months foi­
Iowing harvest. The nature of the dormancy 
period has not been identified, but preliminary 
studies suggest that it is an after-ripening rest 
period. Methods for breaking the dormancy 
period have not been found and therefore 
storage of seeds at room temperature for 3-4 
months is the only available way to overcome 
dormancy. 

The method adopted for seed germination 
and seedling establishment can be summarized 
as follows: Fruits are collected from plants 
after maturation, during November-December 
in West Africa. Fruits are air-dried and split to 
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Table l. Fruit and seed production of D. rotu11data plants. 

Estimated 
Number of Fruit per numbcr of 

Family plants plant seedsa 

1974 Harvest 
Jhobia 13 
Boki 140 
Mixed 66 
Total 219 

1975 Harvest 
Umidike 143 
Boki 71 
Iwo 147 
Mixed 45 
Ihobia 7 
lhobia (Yeg.) 93 
Total 506 

aaased on 4 seeds per fruit. 

release seeds. Seeds are dcwinged and stored 
at room temperature until the end of dor­
mancy. Seeds are then Jightly and uniformly 
coatcd with a suitable fun gicide and germi­
nated on water-soaked filter paper in Petri 
dishes. Seed dewinging is not necessary, but re­
duces the amount of plan ting space needed in 
Petri dishes and prevcnts browning of filter 
paper during germination. Germination usu­
ally starts after 3 weeks and continues for 
5 weeks. Germinated seeds are transplanted to 
peat pots fo llowing the appearance of the first 
Jeaf and grown until 2-3 leaves develop before 
they are transplanted in the field. 

This method can be s implified by sowing 
seeds directly in peat pots or in germination 
boxes filled with soil-mix r ich in organic matter. 
Seedlings established in this way can be trans­
planted later in the field. 

Where Jaboratory and greenhouse facilities 
are not available, seeds can be planted directly 
in elevated seed beds. The seed bed should be 
protected from heavy rains by a 1 m high 
bamboo canopy covered with pa lm Jeaves. 
Seeds are planted densely in rows 1 O cm apart 
and lightly mulched to avoid soil crusting. 
Seedlings are later thinned to 5 cm spacing be­
tween plants. Sufficient planting material for 
one hectare of land can be produced from a 
lOO m 2 area. 

Seeds can also be planted directly in the 
field , eliminating the need for transplanting. 
However, special care must be taken to mulch 
and protect seeds and young seedlings from 
heavy rains and soil crusting. 

40 2068 
180 100632 
127 33636 
156 136336 

368 210664 
207 58900 
167 97908 
140 25148 
81 2264 
44 16324 

203 411208 

It is important to treat seeds with a suitable 
fungicide before planting. Six disinfectants 
( D cmosan, De m osan T , Vitavax, Argosan, 
Arasan, and calcium hypochlo rite) were 
evaluated by Sadik ( 1975) to find a suitable 
chemical for t reating seeds before planting. All 
chemicals other than calcium hypochlorite in­
hibitcd sced gcrmination. A 10% w/ v calcium 
hypochlorite solution produced 85% germina­
tion with only 5% rot (root and shoot develop­
ment in the seedlings was good). Agrosan, a 
systcmic fungicide prevcnted seed rotting and 
germination as well. The most effective 
method is to soak seeds for 20 minutes in cal­
cium hypochlorite solution. H owever, because 
wet seeds are difficult to work with, fungicides 
that can be applied in powder form are pref­
erablc and require further invcstigations. 

Flowering 
A Jow degree of tlowering ( 47 % ) anda high 

male-to-female ratio (32/ 15) characterize 
plants produced through continuous vegetative 
propagation. In contras!, second-generation 
plants produced from seed are characterized 
by a higher degree of tlowering (80% ) a nd a 
lower male-to-female ratio ( 4 1/35). Whereas 
plants produced through continuous vegetative 
propagation are normally dioecious, Iines 
originating from seed produce a Iarge num­
ber of monoecious plants ( 4% ) , which are a 
useful addi tion to any yam breeding program. 
There is also an increase in the number of 
tlowers produced by sexually propagated, 
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second generation plants. Sexually propagated Table 2. Vigour and canopy structure among plants 
plants usually produce 500-90 000 ftowers per of D. roumdara derived from seed. 
maJe and 500-11 000 ftowers per female plant, 
whereas 185 female ftowers is the common 
maximum on vegetatively propagated plants. 

Fruit and Seed Production 
The formation, development, and retention 

of fruits on vegetatively propagated female 
plants are low. Studies during 1972 revealed 
that the number of retained fruits on vege­
tatively propagated plants did not exceed 24 
per plant with a potential production of 5-7 
filled seeds per plant. The number of fruits re­
taíned on sexually propagated plants, studied 
during 1974 and 1975, was greater, and ex­
ceeded 2000 fruits on sorne plants (Table 1). 

TuberYield 
Because of seed dormancy ít is impossible 

during the first year to produce seedlings ready 
for field transplanting at the normal April 
planting time. During 1975, seedlings were 
transplanted in the fie\d between June 1 S and 
July 15, which only allowed a 4-5 month grow­
ing period, too short to produce large tubers. 
Despite that, tubers up to 1 kg were produced. 
It would be interesting to find the yield poten­
tia! of plants grown from seed if the seedlings 
could be transplanted in April. An answer to 
that should be possible in the future when old 
seeds that have passed their dormancy are 
germinated in time to be transplanted in the 
field during April. 

Yields of sexually propagated, second-gener­
ation plants ranged from 0.1-8.7 kg/ plant dur­
ing 1974, whereas sorne plants yielded up to 
25 kg/ plant during 1975. During both years, 
ftowering plants outyielded nonflowering 
plants, and female plants outyielded mate 
p1ants. 

Genetic Diversity 
Sexually propagated plant populations ex­

hibited a wide spectrum of genetic diversity 
during the first year. Further intercrossing be­
tween such plants increased the genetic diver­
sity even more. Sorne of the most important 
genetic variabilities observed are as follows: 

Plant height and vigour- Yams are vine 
p1ants with poor stem structures that necessi­
tate staking. In West Africa, staking accounts 

Number of 
Canopy plants Percentage 

High vigour 4685 32.5 
Medium vigour 2909 20.1 
Low vigour 6235 43.2 
Dwarf 586 4.1 
Semidwarf 13 0.1 
Total 14428 100.0 

for almost 20 % of production inputs. The ad­
vantage of selecting short and sturdy yam 
plants that do not require support is obvious. 
As a result of sexual propagation, about 4 % of 
the plants were dwarf and did not require 
mechanical support. These plants produced 
many stems and small tubers with a maximum 
weight of 200 g/ tuber. Small tubers are com­
mercially undesirable at present, but such 
plants can be used in breeding programs to 
change plant height and canopy structure. 

Plants produced through sexual propagation 
ex.hibit a high degree of variability in vigour 
(Table 2) , which presents opportunities for 
selection within and among families. 

Vegetative variability- A wide range of 
leaf and stem shapes, sizes, colours and other 
minor characteristics was observed. Variability 
in tuber size, shape, furcation, hairiness, 
rugosity, and ftesh colour was a lso observed. lt 
is difficult to determine the desirable characters 
for plant improvement before obtaining basic 
information on the importance of these genetic 
characters and their contributions to yield. 

Reproductive variability- Sexually propa­
gated plants presented a wide spectrum of 
variability in date and degree of ftowering, sex 
expression, inftorescence shape and Iength, 
fruit size, shape, and colour, and seed size, 
colour, and dormancy. 

Disease resistan ce- Sexually propagated 
plants manifested marked variability in resist­
ance to major diseases present at liTA. 

Seed Storage 
Seed viability deteriorates during storage at 

ambient temperatures, and germination drops 
to 30-40% one year after harvest. During 
1975 a study to find suitable conditions to store 
seed for at least 3 years without appreciable 
loss of viability was started. 
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Seed germination was tested monthly during 
the first 8 months of storage at six conditions. 
Cold-storage treatments especially, when 
combincd with desiccation, reduced the per­
centage of germination and increased the 
number of days to the onset and to 50% 
germination. Storage at 25 ·e without silica 
gel resulted in the highest germination rate and 
thc least number of days to the onset and to 
50% germination, whereas storage at 25 ·e 
over silica gel resulted in opposite results. Al­
though gcrmination of seed stored at 25 ·e for 
8 months is superior to that at cold storage, 
the long-term effect of cold storage is not yet 
known. 

Researcb Needs 

The opportunities to improve yams through 
hybridization have been greatly enhanced by 
increasing flowering and by achieving seed 
germination. However, many problems remain 
before further advancements can be made. Al­
though flowering has been improved quanti­
tatively and qualitatively, methods for inducing 
ftowering in nonftowering plants and species 
must be found before the genetic resources of 
such plants can be utilized. Studies of the bar­
riers that prevent ínter- and intra-specific 
hybridization are also urgently needed. 

eonserving yam germ plasm in tuber form 
is difficult and undesirable because of the great 
bulk, poor storability, and the possibility of 
disease- and pest-transmission from one crop 
to another. Because of these factors, quarantine 
regulations restrict the movement and ex­
change of germ plasm among research workers. 
Germ plasm can be conserved and exchanged 
through seeds that are less bulky, not restricted 
by quarantine regulations, and contain more 
genetic diversity for selection. However, before 

this can be recommended, work should be con­
ductcd to find suitable conditions for storing 
seed, to develop methods to break seed dor­
mancy, and to present strong evidence that 
diseasc and pests are not seed-borne. 

These are sorne of the problems that need 
urgent attention to maximize opportunities to 
improve yams through hybridization and sex­
ual propagation. 
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Selected Y am Varieties for the Tropics 

Franklin W. Martin1 

This 8-year program for selecting better yam (Dioscorea) varieties for the tropics 
includes: a worldwide collection of varieties of the principal species; the dcvclopment of 
tecbniques to evaluate varieties agronomically, and for culinary and processing cbar­
acteristics; tbe selection and testing of varieties; and tbe distribution of selected varieties 
througbout tbe tropics. In addition, composition witb respect to proteins and starcb was 

lMayaguez Institute of Tropical Agriculture, Box 70, Mayaguez, Puerto Rico. 
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determined, and tbe nature of the yellow pigments and tbe bitter substances was elucidated. 
Taxonomic relations were clarified by numerical computerized techniques. Dioscorea 
atara was judged the most flexible and useful species, and 17 selected varieties were 
obtained. Dioscorea esculenta was found to be much more variable tban expected, and 8 
varieties were selected for tbeir high potential. On the other hand, persisten! problems with 
viruses prevented the distribution of Dioscorea rotundata- D. cayenensis. In addition, 
tbis species complex appears to be narrowly adapted. 

The edible yams of the tropics, of which 
there are 50 or more species, have hardly left 
their original bornes to serve ma nkind. To be 
sure, edible yams are found in every part of 
the tropics where they can be grown. Never­
theless, distribution has been accomplished 
haphazardly. The cultivars present in any 
particular region are often inferior to the 
better ones known elsewhere. Furthermore, the 
introduction of better cultivars has been im­
peded by a lack of published information. The 
result has been that yams a re not as widely 
utilized as their potential merits. 

To remedy this situation the U.S. Agency for 
International Development suggested a pro­
gram of collection and distribution of yam 
varieties. Collections were begun in 1969 at 
the Mayaguez Institute of Tropical Agricul­
ture. It became evident at that time that varie­
ties easily available in the Caribbean were not 
representative of the full range of germ plasm, 
and that progress could only be made by col­
Jecting yams extensively on an international 
basis. It was also evident that we did not know 
enough about yams to define a good variety. 
Therefore, while USAID funded the collection 
and distribution phases of the program, MITA 
funded supplementary investigations as neces­
sary. 

The collection of yams was made over a 
period of severa! years through correspondence 
and through collecting trips. A visit to West 
Africa was financed by FAO, and one to South­
east Asia was financed by USAID. During 
these trips about 800 accessions of yams were 
acquired. 1 am indebted to many persons 
throughout the tropics for help in obtaining 
new varieties. Without qualified professional 
help in each Iocation, the collecting expeditions 
would have been unsuccessful. 

In Puerto Rico, newly introduced varieties 
were grown for a year or more in isolation 
from the principal collection, and were ob­
served for pests and diseases. A system of 
evaluation based on morphological, agronom­
ic, physiological, culinary, and processing 
characteristics was developed, and was adapted 

to the different species. Criteria for selection 
were developed. Pre liminary selections were 
tested for yields in replicated field trials. 

This paper represents a summary of activi­
ties and findings, and includes plans up to the 
expected closing of the program in J une 1977. 

D. alafa 
Of the various species of Dioscorea col­

lected, the greater yam ( Dioscorea afata) 
quickly became our favorite. Under the con­
ditions where we have seen D. afata grown in 
Puerto Rico, it is the most dependable species, 
although sorne of its varieties are unreliable 
due to their susceptibility to Col/eotrichum, 
Cercosporum, and other foliar diseases. D . 
afata often yields exceptionally well. Its tubers, 
if kept free of damage at harvest, can be stored 
about 5 months. We have stored tubers for 8 
months or more by regularly eliminating 
shoots. 

AIJ varieties of the greater yam have certain 
traits in common. Their growing season is 
long (8-10 months). All require support for 
the vines. Al! can be established easily from 
any piece of the tuber. Regardless of planting 
time, all mature about the same time, with no 
more than a month of difference between the 
earliest and the Jatest varieties. I believe all are 
susceptible to virus disease, but the majority 
can be maintained symptom free by rogueing 
and planting only from superior tubers. 

During the study of the greater yam we 
found sorne unexpected differences. Yellow 
fteshed varieties were shown to contain nu­
tritionally valuable amounts of carotene. Un­
usual varieties from Papua New Guinea 
showed the most fascinating shapes, consisting 
of a series of intersecting vertical planes. 
Varieties were found that were almos! free of 
wings on stems and petioles, and in sorne cases 
leaves were principally alternate rather than 
opposite. Tuber characteristics were highly 
variable. Varieties that had reverted to the wild 
were found in Africa and in the West Indies. 
These were propagated exclusively from aerial 
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tubers. Very few varieties fiowered, and fertile 
seeds were never produced during the 7-year 
study period. 

The within-species relationships of the 
varieties were studied by numerical taxonomic 
techniques. About 235 of the 350 varieties we 
collected were used for this study, and 100 
characteristics were noted. It was possible to 
classify varieties into 13 groups that were de­
fined on the basis of character means. These 
groups were related to, but not identical with, 
certain geographical arcas. Based on the 
amount and nature of variation seen, we con­
cluded that Papua New Guinea was a centre of 
variation, and possibly the centre of origin of 
the species. The sympatric species Dioscorea 
nummularia resembles sorne of the D. alafa 
cultivars found there. An unexpected finding 
was that the Caribbean and African varieties 
a re somewhat related to each other, and that 
thcir affinities in Southeast Asia were not 
traceable with our materials. 

Tubers of D . afata were found especially use­
fui for processed products, including fries, 
chips, instan! ftakes, and ftour. They were not 
suitable for the production of fufu. The tubers 
were usually rich in protein compared to roots 
and tubers of other species, and sorne ex­
ceptionally rich varieties were found. The 
proteins contained sufficient lysine but were al­
ways short of methionine. 

A good variety of D. alata is rcsistant to leaf 
spot diseases and viruses, a nd is not affected 
adversely by excessive moisture. The tubers 
are borne in pairs or in threes, are spherical or 
cylindrical in shape, are not often branched, 
and have smooth but thickened skin that resists 
abrasion. The surface may have sorne fine 
roots, but the principal roots should be concen­
trated in the fibrous upper extreme of the tuber. 
Resistance to insects, diseases, and nematodes 
is desirable. Yields must be high and depend­
able, even when the crop is produced without 
support for the climbing vines. 

Sorne special characteristics related to cook­
ing are desirable. The parenchyma storage flesh 
should be white o r cream coloured, and free of 
anthocyanin pigments. The "grain" of the t ubcr 
caused by starch accumulation around the 
vascula r bundles should be fine, giving a com­
pact and uniform appearance. After bcing cut 
or injured, or after prolonged storage, the 
flesh should not discolour readily by oxidation. 
The boiling time necessary to reach an ac­
ceptable softness may vary, but the better 

varieties generally reach this stage rapidly. The 
cooking water should remain free of gray or 
pink pigments. The fl esh of the boi!ed tuber 
may be white, cream, or light yellow, appe­
tizing in appearance, and free from gray 
colour. lt should appear to be smooth, and that 
appearance should be verified when tasted. The 
cooked tubcr should be moist in the mouth; 
not d ry and difficult to swallow. Tbe taste 
should be rich and distinctive, neither too 
bitter nor too sweet. 

In addition, the variety should produce good 
yields (20 t/ha or more), the tuber should 
store well and resist fungi, and the seed pieees 
should germinate readily when pla nted. 

No varieties were seen that combined all 
desirable characteristics. Selection of new 
varieties thus became a matter of compromise. 

Seventeen excellent varieties were selected 
for distribution. I believe that sorne of these wiJI 
replacc traditional varieties wherever they are 
grown. These 17 were obtained from widely 
divcrse regions, including Fiji, the Philippines, 
Java, Malaysia, Papua New Guinea, India, 
Nigeria, Sierra Leone, and Puerto Rico. 

D. cayenensis- D. rotundata 
Complex 

In contrast to D . afata, the collection of 
cultivars of D . cayenensis a nd D. rotundata 
was the most difficult to ma nage. We started 
with an excellent group of 220 introductions 
collected from Sierra Leone to Nigeria as well 
as local varieties found in the Caribbean. From 
the bcginning many plants showed strong virus­
likc symptoms. This condition was the same as 
that ca lled the shoestring disease in West 
Africa. There was no doubt that introductions 
showing such symptoms had been collected in 
a ll of the principal yam growing regions of 
Africa, and in the Caribbean. Our experience 
with this disease in Puerto Rico is that it reduces 
yields, sometimes drastically. The use of small 
tubers for replanting results in a more rapid 
sprcad of the disease, possibly because such 
tubcrs are found more frequently on diseased 
plants. Plantations grown under o ptimum con­
ditions and rogued free of symptoms for 2 or 3 
years bccome almost symptom-free. Constan! 
vigilance appears necessary to maintain rea­
sonably healthy materials. 

Since most introductions were based on a 
single small tuber, it is no surprise that virus­
like symptoms were often severe. Even in the 
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first planting, symptoms were found in all in­
troductions. In a n effort to preserve the germ 
plasm, all introductions were multiplied for 1 
or 2 years before rogueing was begun. Pro­
longed heat treatment of tubers, sometimes 
found useful in reducing symptoms in D. afata, 
was not useful in the case of the African 
species. 

When virus symptoms were not eliminated, 
a program of severe rogueing was begun. 
During the 2 years of rogueing, the majority of 
the varieties were eliminated. Furthermore, 
with time even the more resistan! varieties have 
shown intolerable levels of the disease. 

Given the circumstances, we have taken an 
extremely difficult decision. The African yam 
collection will not be distributed but will be 
eliminated. Three varieties that appear to be 
completely resistan! to the virus disease will be 
tested in isolation for 2 more years, but it is 
unlikely that these will be used anywhere ex­
cept on the island of Puerto Rico. 

While working with this collection, we have 
written a production bulletin, analyzed the 
carotenoid pigments, and identified a bitter 
substance as leucoanthocyanidin. In addi­
tion, we have finished a study of the relation­
ships of 97 cuitivars using tbe techniques of 
numerical taxonomy. In that study the species 
complex is divided into nine groups that 
coalesce to form two principal trunks. One of 
these represents chiefly yellow tubered culti­
vars, the other represents chiefty white ones. 
It is interesting to note that the two trunks 
anastamose with respect to two groups that 
show similarities even though they ditfer in 
tuber colour. The conclusion from our study 
is that the two names D. cayenensis and D . 
rotundata reftect artificial classification of what 
is an extreme! y variable complex. 

With respect to the work of the future with 
this species, we are convinced that, in the 
Caribbean, D. afata is better adapted and more 
reliable. But in West Africa even the best D . 
afata varieties may not be competitive with the 
African cultivars. In most parts of the world, 
these African yams have never had a real try. 
It appears to us that the breakthrough in secd 
production achieved at liT A by Sadik and 
others opens the door for a more extensive use 
of the African yams throughout the tropícs. It 
would be highly desirable to introduce African 
yams as seed and to develop varieties for local 
adaptation. Seedlings that we have established 
from seeds sent to us by Sadik may not be 

fully evaluated before our program terminales. 
Nevertheless, we believe the breeding work will 
continue at another experiment station in 
Puerto Rico. Obtaining virus-free varieties will 
not be enough. If resistance is not found, the 
job of keeping varieties free of virus will be 
formidable. 

D. esculenta 
Of the species of Dioscorea we have worked 

with, perhaps D. esculenta is the least known. 
Nevertheless, we believe that it might have a 
real potential in the tropics. The habit of pro­
ducing multiple tubers not unlike potatoes is 
useful when machine harvest is contemplated. 
The small tubers are useful at the household 
leve! and are easy to handle if replanted. Sorne 
varieties, if handled carefully, store well. 
Furthermore, D. escufenta is probably more 
resistan! to viruses than even D. afata. The 
chief disadvantage with respect to D. esculenta 
is that the growing season is long, almost 12 
months. 1 believe that it might be possible to 
plant and harvest D . escufenta at any time of 
the year in sorne regions near the equator. 
N evertheless, D . escufenta is fussy about 
season. lts period of dormancy is not very 
flexible, and indeed we have had problems in 
adjusting varieties from the southern hemi­
sphere to ¡g•N in Puerto Rico. The wide varia­
tion among cultivars of D. escufenta has never 
been described, but has at Ieast been hinted at, 
in the literature. Varieties from Papua New 
Guinea, the presumed centre of origin, have 
been carried to sorne islands of the Pacific but 
apparently in a random fashion. Although 1 
was able to collect a wide varíety of cultivars 
from the regions, 1 have no doubt that much 
remains to be done to entirely describe this 
species. 

The West African and Caribbean cultivars 
of D . escufenta bear about 20-50 relatively 
small tubers that range from mere swellings to 
about 400 g in size. Their ftesh is white and 
their eating qualities are high. In contrast, 
sorne varieties of D. escufenta in Papua New 
Guinea bear 6 or 8 tubers up to 2 kg in weight. 
The largest tuber 1 ha ve seen was the shape and 
size of a small watermelon, and weighed about 
5 kg. In general the ftesh of these large tubers 
is somewhat coarse and subject to polyphenolic 
oxidation. Between the extremes there are 
many interesting varieties that bear inter­
mediate sized tubers of good quality. Sorne of 
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these have been selected for distribution in 
January or February of 1977. 

In Papua New Guinea one also encounters 
many primitive variet ies, often with small, 
branched, or irregular tubers. Flesh colour may 
be white, purple, or yellow. Thorniness of the 
roots surrounding the crown varies. An un­
expected characteristic sometimes seen is the 
curling of the tuber toward the surface, and at 
times, the penetration of the surface by the 
tuber. 

The starch grain of D. esculenta is fine com­
pared to that of the principal species D. afata 
and D. rotundata. The amylose content of the 
starch is low, and thc protein content of the 
tuber is extremely high in sorne cultivars. 

D. esculenta merits a wider trial throughout 
the tropics, but only where growing season is 
long, and rainfall is abundant. 

Other Species 

During the course of our studies we have 
had the opportuni ty to work with six other 
edible specics. While finding sorne merit in a ll 
of them, and realizing that we have not seen 
all of the germ plasm available, we have re­
jected sorne of the species, as follows: Diosco­
rea bulbifera, about 100 collections. The tubers 
of this specics are always bitter; Dioscorea 
hispida, about 15 collcct ions. This species is 
poisonous and needs special treatment to 
render it harmlcss; Dioscorea dumetorum, 
about 12 collections. This is sometimes poison­
ous, and thc tuber is very irregular; Dioscorea 
nummularia and D. pentaphyl/a. Tubers are 
large, irregular, sometimes multiple, a nd cook­
ing characterist ics are below par; and Diosco­
rea trifida, which is very susceptible to viruses. 
Yields decline rapidly when the virus appears. 

Literature Produced 
As part of the research and development 

program 37 manuscripts were prepared for 
publication, and a few more are planned. The 
titles of these manuscripts are appended to this 
paper. Perhaps the major task was a review of 
modern production techniques, followed by 
detailed handbooks on the principal species. 
Within-species taxonomic relationships were 
studied in the case of the principal species. 
Nutritive values, especially protein and amino 
acid contents, were determined and yams were 
compared to other roots and tubers with re-

spect to their nutritive values. The composi­
tion of the flesh was analyzed with re­
spect to carotenoids, polyphenols that oxidize, 
and bitter substanccs. Ccrtain physiological 
characteristics werc studied: the curing period, 
itnd how it affccts storage life; the extension of 
storage life with chemical treatment; and the 
stimulation of sprouting. To develop standards 
of selection, fried chips, instant ftakes, and 
ftours were devcloped and tested. Superior 
selections wcrc described. Plans call for a 
thorough review of written contributions and 
recommendations before terminating tbe pro­
gram. 

Rcprints and planting pieces are availab!e 
free to investigators throughout the tropics. Re­
prints, already in short supply, are sent out at 
time of request. Tubers are shipped each Jan­
uary or February. Shipments are furnished 
with phytosanitary certificates. Nevertheless, 
we recommend that tubers we distribute be 
quarantined for a year until shown to be 
disease and insect free. 
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Adaptation of Cultivated Potatoes to the Lowland Tropics 
H. A. Mendoza1 

An initial group of 6000 potato clones from various taxonomic groups was screened 
for adaptation to high temperatures and humidity at a bigb junglc sitc. Of these, 34 
tetraploid clones were selected for furtber testing under three tropical cnvironments in 
Peru. The sites represented a hot, irrigated location; a high, wct junglc; and a low, wet 
jungle. 

The performance of sorne of the clones, in particular hybrids of tuberosum X neo­
tuberosum and lllberosum X phureja, was remarkable given the short growing season and 
the stress imposed not only by the weather but also by weeds, insects, and diseases. The 
greater genetic diversity of the inter-group hybrids gave the genotypes a greater ability 
to adapt to conditions of stress than the intra-group hybrids. The results indica te that there 
is a genetic potencial to adapt potatoes lo high temperatures, and that for the first time 
it may be possible to economically grow potatoes in the lowland tropics. 

The principal areas of cultivation of the 
potato are concentrated in zones of the world 
with cool to medium temperatures during the 
growing season. This condition is met both at 
low elevations in medium to high latitude 
countries as well as at high elevations in many 
tropical countries. 

The type of germ plasm utilized in different 
production zones also varíes with the influence 
of latitude on daylength and temperature. 
High latitude countries with medium temper­
atures and long photoperiods during the grow­
ing season use cultivars from the tuberosum 
group, whereas countries with low latitudes, 
high elevations, and cool temperatures use cul­
tivars from the group andigenum, sorne tubero­
sum X andigenum hybrids, and to a lesser 
extent cultivars from other taxonomic groups. 

The response of these various germ plasm 
groups when moved away from their native 
ecological niches is in general the same: a 
very low yield compared to local cultivars. 
Short day potatoes grown under long day, 
medium temperature conditions are extremely 
late, whereas most of the so-called day neutral 
potatoes grown under the short day and cool 
temperatures of the low latitude and high 
altitude environments are in most cases ex­
tremely early. 

Attempts to cultivate potatoes in the low­
land tropics have utilized only cultivars from 
the group tuberosum. Since tuberosum culti­
vars have been selected under higher temper­
atures than those prevalent at the centre of 
origin of the potato, they would be expected 

IBreeding and Genetics Department, Inter­
national Potato Center, Apartado 5969, Lima, 
Peru. 

to have more adaptation to warmer conditions 
than any other cultivated germ plasm. The 
stringent conditions that the potato meets in 
the lowland tropics are rather different to 
those present in the common areas of cultiva­
tion. Therefore, characteristics related to 
adaptation will have to be given much more 
cmphasis during early stages of selection than 
certain agronomic characters. 

The Jnternational Potato Center (CIP) has 
as one of its objectives to develop heat tolerant 
clones as a potential to expand the opportuni­
ties for potato cultivation in the warm lowland 
tropics, both dry and wet. This report provides 
the first data on the progress of the research 
program. 

Materials and Methods 
Thrce testing sites in Peru were used in these 

experiments. La Molina, an arid area under 
irrigation that represents a dry, hot lowland 
tropic. San Ramon, a high jungle location 
where the common crops are cassava, fruit 
trees, coffee, and corn. Yurimaguas, a low 
junglc site in the Amazonian basin where the 
agriculture is a shifting systcm that uses cas­
sava, rice, bananas, and tropical forages. 

About 6000 clones from various diploid and 
tctraploid taxonomic groups as well as their in­
tcrcrosscs were evaluatcd at the San Ramon 
locat ion during the period June-October 1974. 
From these, 34 tetraploid clones were chosen 
for thcir earliness and yield potential and 
werc grown in replicated trials during Decem­
ber to February 1975 at San Ramon and La 
Molina. The same set of clones was grown later 
at Yurimaguas. The taxonomic groups in the 
pedigrees of the clones utilized in the experi-
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Table l. Yields of representa ti ve clones. 

Taxonomic 
Yield for 10 plants (kg) 

Clone group San Ramon La Molina Yurimaguas 

N565.1 (T X NT) 14.4 6.4 5.0 
N574.1 (TX NT) 14.1 9.0 2.1 
DT0-28 (T X P} 13.6 10.1 5.3 
DT0-2 (T X P) 11.8 10.7 2.9 
DT0-33 (T X P) 11.6 10.0 3.8 
N570.5 (T X NT) 11.3 4.4 1.4 
Urgenta (T X T) 10.8 8.8 1.5 
N503.162 (NT X NT) 10.7 8.5 1.2 
N513.3 (NT X NT) 10.2 5.9 0.7 
N545.3 (NT X NT) 9.1 3.8 1.1 
ONA (T X T) 6.7 8.6 1.2 
Arran Pilot <T xn 6.3 7.8 1.5 
Mari va (T X A) 4.6 2.5 0.1 
Revolucion (T X A) 4.0 3.0 0.8 
lnti Sipa (A X A) 3.6 2.5 0.02 
Mean8 8.2 6.8 1.7 
LSDo.os 2.0 2.3 0.8 

a A general mean per location for all 34 cultivars. LSD values ha ve been calculated 
from the analysis of variance over all the clones at each site. 

ments were : tuberosum X tuberosum, 4 clones; 
tuberosum X phureja, 16 clones; tuberosum 
X neo-tuberosum (andigenum), 5 clones; neo­
tuberosum X neo-tuberosum, 6 clones; tubero­
sum X native andigenum, 2 clones; and native 
andigenum, 1 clone. 

The experimental design at each location 
was a completely random ized block with two 
replications. Each plot had 1 O plants. 

Results and Discussion 

There was a great deal of variability in yield 
among clones within each location as shown 
in Tab\e 1. Each environment represented a 
ditferent level of stress as measured by ditfer­
ences in the overall means. The growing 
periods of 60, 75, and 90 days for the testing 
sites were not purposely chosen but were the 
length of time at which most of the clones 
were either mature or dead as a consequence 
of weather stress, insect and disease damage, 
or the combined etfects of them. 

Sorne of the main environmental compo­
nents and their etfects on or their interac­
tions with the genotypes will be discussed. 

Photoperiod 
The latitude of the testing si tes ( 6, 11, and 

12" for Yurimaguas, San Ramon, and La 
Molina, respectively) is fairly close. Daylength 

at San Ramon and La Molina was the same, 
whereas at Yurimaguas it was about 20 minutes 
less. The genetic background of all the clones 
used in this work, except one, was day neutral 
or hybrids between day neutral x short day 
types. Any tuber-inducing ditferences of the 
photoperiod should either have been mínima! 
or nil. 

Temperature and Water Supply 

Temperature-wise the two jungle locations 
placed more stress on the plants than did La 
Molina. At Yurimaguas, temperatures were 
high and uniform, whereas at San Ramon it 
was somewhat cool during the night. However, 
in these two sites rainfall supplied moisture on 
a rather regular basis. Despite the fact that at 
La Molina both the maximum and the míni­
mum temperatures were lower, the yield of 
most individual clones as well as the overall 
mean was lower than at San Ramon. Since tbe 
crop at La Molí na was under surface irrigation, 
the moisture availability was not uniform and 
this appears to have had a stress etfect on yield. 

Diseases and lnsects 

At La Molina, the principal problem was the 
attack by tuber moths, Scrobipalpula absoluta 
and Pthorimaea operculella, which caused con­
siderable damage in the foliage and later in 
the tubers. Spraying with insecticides every 7 



52 TROPICAL ROOT CROPS SYMPOSIUM 

days did not provide an adequate control. An 
attack of Rhizoctonia solani also atfected about 
20 % of the plants. 

At San Ramon, the two major problems 
wcre Rhizoctonia solani, which attacked about 
50% of the plants, and late blight, Phytoph­
thora in/estans. Thc damage of late blight 
was relatively well controlled by fungicides. 

At Yurimaguas, a heavy attack of leaf 
hoppers (Empoasca spp.) was recorded and 
isolatcd plants were affccted by Pseudomonas 
solanacearum. The major disease problem 
was Botrytis sp. which affected the plants at an 
early stagc of growth and killed many of them. 
Dífferenccs in susceptibility were noticeable. 
Foliage of thc most severcly affected indi­
viduals was practically covered by the mycelium 
of thc fungus. lt is interesting to note that no 
attack whatsoever of late blight was detected 
duríng the growing period. The reason could 
be that the high tcmperature límits the survival 
of the fungus. Later cxperiments were also free 
from attack by P. infestans. 

Genotypes 

A variety of germ plasm combinations was 
tried in thcse experimcnts to gain insight into 
their relative abilitics to withstand environ­
ments. Simmonds ( 1971) indicated that sorne 
main crop or late maturing temperare potatoes 
can do remarkably well in the subtropics and 
tropics at medium altitudes. The data in Table 
l support his statement. In fact , the three 
tuberosum cultivars at San Ramon and La 
Molina yielded significantly better than the 
Peruvian cultivars used as checks. The failure 
of the local cultivars was expected because they 
were all selected under highlaod conditions 
(short-day and cool temperatures). On the 
other hand, tuberosum cultivars normally short 
day types (Mendoza 1974) have a higher 
critica! daylength than Andean potatoes. Also, 
their adaptation to higher temperatures is a 
consequence of the conditions under which 
they were sclected in the summers of the north­
ern hemisphere. However, this relative tolerance 
to higher temperatures appears to be limited 
and the conditions present at Yurimaguas 
seemed to be beyond the threshold of adapta­
tion for them. 

The NT X NT hybrids at San Ramon and 
Yurimaguas had a similar behaviour to the 
T X T cultivars, but at La Molina they were 
slightly inferior. This would iodicate that the 

selection work made by sorne northern hemi­
spherc breeding programs for adaptation of 
andigenwn to longer and warmer days has 
made measurable progress (Plaisted et al. 
197 5). For furthcr sclection for adaptation to 
lowland tropics, thc neo-tuberosum material 
may be more rcsponsive than tuberosum be­
cause it has a broader genetic base (Mendoza 
and Haynes 1974a). 

The performance of sorne of the "wider" 
h ybrids, T x NT and T X P is encouraging be­
cause it shows that the existing potential for 
adaptation to the lowland tropics might be 
capitalizcd upon under a carefully designed 
breeding scheme. Sorne clones under the 
severe environmcntal conditions of Yurima­
guas yielded about 0.5 kg/ plant in 60 days. 
This yield is approximately equivalen! to 15 
t/ha, which for a short growing period 
constitutes a rcmarkable performance. Sorne of 
the same hybrid clones also performed very 
wcll, in relation to the rest of the materials 
tested, in the other two Iocations. 

The most promising materials for the low­
land tropics, at Ieast at present, have as one 
parent a tuberosum cultivar that provides ear­
liness and relative heat tolerance. To obtain 
highly heterotic hybrids a neo-tuberosum or a 
phureja-stenotomum hybrid that produces 2n 
gametes by first division restitution (Mok and 
Pcloquin 1975) would be suitable as the other 
parent. To realize the maximum gain from 
cach source of germ plasm, it would be neces­
sary to perform sorne previous selection for 
adaptation to tropical conditions (Mendoza 
and Haynes 1974b). In addition to the widen­
ing of the genetic diversity obtained by such 
combinations of germ plasm, also an adequate 
leve! of resistance to diseases must be achieved. 

Early maturity is an essential requirement 
for tropical adaptation. However, this earliness 
does not necessarily need to be in the absolute 
sense of time from planting to senescence. A 
medium maturity cultivar with an early tuber 
initiation and fast bulking may also be suitable 
even if thc vines do not reach maturity rapidly. 
A great deal of genetic variability for tuber in­
itiation has been found (Mendoza 1974) and 
this trait may be rapidly improved under se­
lcction. The earliness obtained by genetic 
means may be increased to sorne extent using 
sorne preconditioning of tubers before plant­
ing. Presprouting of tubers and a proper physi­
ological age may help to hasten the crop 
(Madec and Perennec 1962). 
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There are some additional problems such 
as disease resistance, mainly to bacteria! wilt 
and late blight, that have to be solved by 
breeding to make the potato an economically 
competitive crop. The impact of introducing 
the potato to these new areas of cultivation 
could be tremendous since the high nutritive 
value of this crop is well known. 
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Sweet Potato Breeding Using Wild Related Species 

Masashi Kobayashi and Tsukasa MiyazakP 

A sweet potato variety and various breeding materials that include germ plasm of 
wild lpomoea suggest that the wild species have much to offer sweet potato breeders. The 
wild relatives that can be crosscd with cultivated sweet potato include diploids, triploids, 
tetraploids, and hexaploids. All of them resemble the sweet potato in two respects: they 
bave similar floral morphologies and incompatibility systems. Tbese characters may be 
useful in fu ture searches for wild plants. 

Our experience in the practica! use of wild species in sweet potato breeding, a ftower 
induction technique, self- and cross-compatibility test, and species hybridization with 
sweet potato suggests that useful genes can be expected from wild species. Sorne principies 
necessary for an effective gene introduction system ha ve been identified. 

The improvement of yield and quality pro­
ceeds quite rapidly during the initial phase of 
pla nt breeding; however , add itional genetic 
gains become increasingly difficult to atta in. 
This is especially true if the gene pools are 
limited and breeding procedures remain un­
changed. Sweet potato breeding in Japan 
reached this stage. About 95 % of the to tal 
area planted in sweet potato we re local va rie­
tíes in 1940, but over 80 % were replaced in 
the next 1 O years by improvcd varieties bred 
through a systematic breeding program. This 
replacement of the local varieties with im­
proved varietics indicates that the breeding 
efficacy in the initia l phase was considera bly 
higher. The gene sources that were used were 
mainly popula r local varieties. The second im-

lKyushu National Agricultura] Experiment 
Station, 1340, J itcbo, lbusuki, Kagoshima, 89 1-04, 
Japan. 

prove ment resulted from the development of 
" Koganese ngan" in 1966, which included ex­
otic breeding materials introduced from the 
USA aftcr 1956. lntroduced varieties had per­
formed an important role in the genetic prog­
ress that had been made prior to this, especially 
increas ing the yield of tuberous roots a nd the 
starch content beyond the plateau achieved by 
domestic materials. Anothe r plateau developed, 
howevcr, and it seemed impossible to develop 
new varieties exceeding the yield leve) of 
" K oganesengan." A third increase in yield 
levels was marked by the develop ment of 
''Minamiyutaka" in 1975. T his variety, with 
one eighth of its germ plasm from the wild 
pla nt Kl23, topped the yie ld levels achieved 
by " Koganescngan" a nd other c ultivars at sev­
erallocations. 

In 1955. ma ny wild plants related to sweet 
potato were collected by Nishiyama in Mexico 
a nd the United States (Nishiyama 1959). This 
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collection was used to study sweet potato phy­
Iogeny and the utilization of wild plants in 
sweet potato breeding. Progress in both fields 
accelerated and additional collections in­
creased the number of wild plants that were 
available. 

Nishiyama et al. (1 975) reviewed phylo­
genetic studies, and Sakamoto ( 1970) sum­
marized studies using wild relatives before 
1970. These wi ld species appear to ha ve much 
to offer sweet potato breedcrs, and the present 
paper is an attempt to demonstrate a practica! 
method for usíng thcsc rclatives in breeding. 

Species Crossed with Cultivated 
Sweet Potatoes 

More than 200 accessio ns of 1 pomoea spe­
cies have been introduced from Mexico and 
other countries in Central America and the 
northern part of South America by severa! 
researchers since 1956. Our interest was di­
rected toward wi ld plants that could be hy­
bridized with the sweet potato directly or in­
directly. So little research had been done from 
a breeding viewpoint on 1 pomoea, that we did 
not know which species could be crossed with 
cultivated sweet potatoes. In addit ion, species 
identification was almost impossible because 
species of the scction Batatas had not been 
well defined taxonomically. (Hopefully, re­
classification of 1 pomoea will be done soon. ) 

After hundreds of crosses between wild rela­
tives and sweet potatocs, we concluded that 
lpomoea species that can be hybridized with 
sweet potatoes have the following characters: 
( 1) the ftower is similar to that of sweet potato; 
the corolla is bell-shaped and not funnel-form, 
the colour of the interior of the tube is in­
variably darker than that of the limb, and the 
glands at the base of the corolla are prominent ; 
and (2) the plants are self-incompatible, and 
there a re severa! incompatibility groups 
among them. We could find no common char­
acteristics othcr than these two. These charac­
ters may be useful when collectors search for 
wild plants for sweet potato improvement. 

Wild lpomoea that showed the above char­
acteristics and could be crossed with cultivated 
sweet pota toes were as follows: 

K221 : Ten secds of this plant were coliected 
at Acapulco, Mexico by M. Kobayashi, Kago­
shima Agricultura! Experiment Station, in 
1960. This diploid (2n = 30) plant was called 

l . /eucantha Jacq. by Teramura (Teramura et 
al. 1967). For a long time, we believed that 
K221 would not hybrid ize with sweet potato 
without bridge plants, but in 1975 we obtained 
many seeds bctween K221 and sweet potato. 
It was also found that the autotetraploid of 
K22 1 induced by using colchicine crossed weil 
with swcct potatoes. 

K222: This acccssion was collected together 
with K221 by M. Kobayashi . All eight plants 
of this accession wcrc found to be triploid 
(2n = 3X =- 45) by S. Shiotani, Míe Univer­
sity (Teramura et al. / 96 7). Teramura 's lenta­
ti ve ident ification was 1 pomo ea ( trifida 3X ). 

K233: Thc secds of this accession wcre col­
lected at Vcracruz. Mcxico, by M. Muramatsu, 
Okayama University, in 1962. This tetraploid 
(2n = 4X = 60) has been called / . littoralis 
Blume by Teramura, but K233 is the same 
plant that Joncs called / . gracifis R. Br. (Jones 
1970; Martín and Jones 1972) . 

K300: The secds of this accession were sup­
plied in 1972 by F. W. Martín , USDA, Maya­
guez, Puerto Rico. According to him this tetra­
ploid (2n = 4X = 60) species occurs in Ecua­
dor and Colombia. This plant could be hy­
bridized with sweet potatoes only when K300 
was uscd as the male parent. 

K400: This collcction was made in Mexico 
by S. Shiotani, Míe University. in 1973. The 
plants are self-incompatible and there are sev­
era! incompatibility groups among them. 
Whether this plant will cross with sweet pota­
toes is not yet certain, but we expect that it 
will hybridize with sweet potato directly. K400 
is a tetraploid (2n = 4X = 60) . 

K 123: This accession was collected in For­
tín , Mexico by Nishiyama in 1955 and was 
designated / . trifida (H.B.K.) G. Don. Kl 23 
is hexaploid (2n = 6X = 90) and has been 
considered as the direct progenitor of sweet 
potato by Nishiyama (Nishiyama 1961; Nishi­
yama et al. 1975) . Sorne researchers, how­
ever, consider K 123 to be a wild form of 
sweet potato rather than a different species 
(Jones 1967; Martin and Jones 1972; Yen 
1973). 

Apart from the species nomenclature, K123 
has been recognized to be very importan! as a 
gene source for sweet potato improvement. 
It was used in the development of the regis­
tered variety "Minamiyutaka," which has high 
yield and high resistance to sorne diseases and 
insects. Many strains with K 1 23 germ plasm 
are being used in our breeding program. 
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Table l . Effect of grafting on Howering of wild plant, KJOO ( 1974) 
planted on 7 July and grafted on 5 September. 

Natural condition Grafted on morning glory 

Date Date 
first Howers Number of first Howers Numberof 

Plant opened Howers• opened Howers" 

KJ00-1 1 Nov 215 11 Oct 750 
KJ00-2 3 Dec 32 11 Oct 432 
K300-3 15 Oct 53 20 Oct 312 
K300-4 o 26 Oct 303 
KJ00-5 10 Dec 13 20 Oct 565 
KJ00-6 o 13 Oct 331 
KJ00-7 8 Nov 47 11 Oct 364 

•Counting started when the first ftowers opened and endcd 31 Dec 1974, whilc the 
ftowering continued . 

Flower lnduction Technique 
Under natural conditions flowering of the 

wild relatives available for sweet potato breed­
ing is generally encouraged by short days. 
Most flower in October or November whether 
they are planted as seeds or vines in April 
through July. 

An effective means of inducing ftowering in 
these materials would greatly facilitate the uti­
lization of the wild plants for sweet potato 
breeding. An effective technique for inducing 
ftowering in these plants was found in our la­
boratory. During any season, plants treated 
with this technique begin to ftower within one 
month, even under long day conditions. The 
flower induction procedure consists of the fol­
lowing steps: ( 1) Treat seeds of the dwarf type 
morning glory. / . ni/ (L.) Roth cv. Kidachi­
asagao, with sulfuric acid for 1 hour, rinse with 
water overnight, and then plant in 15 cm pots; 
(2) After germination, keep the pots under all­
day lighting conditions for about 1 month; 
(3) When seedlings are about 40 cm high and 
ha ve 8-1 O lea ves, cut off the stem tips and split 
the stem for insertion of the scion. The stem 
of the wild plants used as scions should be 
about 20 cm long and havc cuts 5-8 cm long 
on both si des of the stem; ( 4) Hold the grafts 
in place with grafting clips until the sc ion is 
established, and keep the grafted plants in a 
humid and sheltered place for about 1 week; 
and ( 5) Transplant the grafted plants to 24-
cm pots and place under favourable growing 
conditions. The effectiveness of this procedure 
is indicated by Table l . 

Self- and Cross-Incompatibility 
The wild l pomoea that would hybridize witb 

the sweet potato were all self-incompatible and 
severa! intra-incompatible , inter-compatible 
groups were recognized. Self- and cross-incom­
patibilities of the wild relatives were deter­
mined using the following staining technique. 

Crosses were made under greenhouse con­
ditions. Flowers pollinated before 10:00 with 
polleo from appropriate plants were collected 
3 or more hours after pollination. Stigmas, 
with styles attached, were placed on glass slides 
and stained with 0.5% cotton blue in lacto! 
phenol. A cover-glass was placed on the stigma 
and pressed. The prepared slides were kept at 
room temperature for microscopic observation 
the following day. Usually five flowers per 
cross were used for this purpose. This schedule 
generally gave satisfactory results (Table 2) . 
Compatibilities of the wild relatives and sweet 
potato are presented in Table 3. 

No new principies have been used, but we 
believe that this technique will be useful for 
research workers interested in the utilization of 
wild l pomoea for sweet potato improvement. 

Hybridization Results 
Pollen reaction on the stigma suggests 

whether two plants wi ll cross. In most cases 
involving the wi1d species and the sweet potato, 
however, we did not obtain seeds cven when the 
pollen germinated on the stigma. Therefore, it 
is necessary to check whether seeds can be pro­
duced by actual hybridization. For this pur-
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Table 2. Polleo germinationa on stigma in K300, indicating self-incompatibility 
and three incompatibility groups (1974). 

Polleo 

Stigma K300-6 K300-7 K300-l K300-2 K300-5 K300-3 K300-4 

K300-6 +++ ++ ++ + + 
K300-7 +++ ++ +++ ± + 
K300-l +++ ± + 
K300-2 +++ + ++ 
KJ00-5 +++ +++ 
KJ00-3 +++ +++ +++ +++ 
K300-4 +++ +++ +++ +++ 

a Fivc stigmas pcr one crossing were observed. O ver 50 poli en grains wcrc put on each stigma. Symbols in the 
table: +++ more than 10 pollen grains germinated per stigma with four or rive stigmas; ++ 6-9 pollen grains 
germinated; + 1- 5 pollen grains; ± very rarely 1-3 pollcn grains;- no pollen germinated. 

Table 3. Relationship of incompatibility groups of sweet potato and wild relatives (1958-1975).6 

Determined groups Undetermined groups 

Plants 
in sweet potatob in sweet potato 

Number 
Accession tested ABCDEFGHIJKLMN 1 2 3 4 5 6 7 8 9 of groups 

Sweet 
potato > 1000 00000000000000 14 

K123 20 oooxoooo 000 10 
K233 7 xxoxxo o X 00 5 
K300 7 XXX 00 X 2C 
K222 8 xxoxx 00 3 
K221 5 xxoxx X 00 3 

6 lncompatibility was determincd by pollen germination on stigma. 
bQ = incompatible to sweet potatocs in each group; X =compatible. 
0 Three incompatibility groups were classified in K300 (scc Table 2), but two groups merged when tested with 

sweet potatocs. 

pose, we crossed at least 25 ftowers for each 
mating combination. Apomixis and seed abor­
tion are other problems. It is necessary to 
meas u re F 1 plants morphologically to confirm 
hybrid identities. Maximum seed set percent­
ages obtained between wild l pomoea and sweet 
potato are given in Fig. J. With the exception 
of K 123, higher seed set ( % ) was obtained 
when the wild plants were used as maJe par­
ents. 

Useful Genes in Wild Species 
We do not know how many genetic factors 

control yield in sweet potatoes, but the devel­
opment of " Minamiyutaka" indicates that we 
can use genes from wild plants for yield im­
provement. 

Wild plants can provide genetic rcsources 
for disease resistance and insect tolerance. For 
instance, K 123 is resistan! to the root lesion 
nematode and the root knot nematode, which 

were introduced into "Minamiyutaka." We 
might also be able to use the characteristics 
from wild rclatives that cnable them to tolerate 
physiological stress. The breeding of sweet po­
tatocs using wild relatives has begun. but we 
must now learn more about the genes or ge­
netic complexes of value for sweet potato im­
provement. 

Gene Introducing System 
The genetic resources of sweet potato in­

elude all materials available through hybridiza­
tion, but wc do not yet know the most effective 
way to obtain useful gcne(s) from wild plants. 
In any system, back crossing would be effective 
in the la ter part of the breeding program; the 
recurren! parents in back crossing should be 
diiTerent varieties of sweet potatoes. From our 
experience, the following methods are prac­
tica!. 
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isweet potato(6X~ 

22Yi ~8.5~ />.o 61.0 ~o.o"-. 
K233(4X) K300(4X) 

62.0 

l 
K123(6X) 

Fig. l. Maximum seed set (%), from figures 
obtained between 1958 and 1975, in crossing of 
wild species and sweet potatoes. Arrows point 
from mate to female in crosses. Asterisk indicares 
that female was Kyushu 58, which includes one 
fourth germ plasm of KJ23. 

Direct Use of Wild Plants 
Plants with 90 chromosomes like K123 can 

be used directly as a donor in crossing pro­
cedures. F 1's must be back crossed to sweet 
potato cultivar(s) at Jeast two times. "Mina­
miyutaka" was bred by this method. Sorne F 1 's 
between K222 (2n = 45) and sweet potato 
(2n = 90) were found to be hexaploids 
(2n = 90). Thus, it is possible to obtain F 1 's 
with 90 chromosomes from crosses with wild 
relatives even when they are diploids or tetra­
ploids. Therefore, we can use wild plants di­
rectly, although seed set percentages are ex­
tremely low in sorne cases. 

Use of Synthesized Hexaploids 
Sorne theoretical ways of synthesizing hexa­

ploids (2n = 90), sorne of which we have 
actually used for sweet potato improvement, 
are: 
( 1) Diploid -4 Tetraploid, Tetraploid X Di­

ploid -4 Hexaploid 
(2) Tetraploid -4 Octaploid x Tetraploid ~ 

Hexaploid 
(3) Diploid X Tetraploid -4 H exaploid 
( 4) Triploid X Triploid -~ Hexaploid (in the 

case of outcrossing of K222 ) 
~ : Doubled chromosome using colchi­

cine solutions. 
-~ : Doubled chromosome by natural un­

reduced gametes. 
In our crossing experiments, seed set per­

centages from crosses between wild plants and 

sweet potatoes were higher when the synthe­
sized hexaploids were used as female parents. 

Use of Heteroploidy 
Because the sweet potato or hybrids with it 

can be propagated vegetatively, it is practical 
to use he teroploids with desirable agronomic 
characteristics. It is also possible to back cross 
heteroploids with the sweet potatoes to obtain 
other heteroploids possibly having more desir­
able characteristics. The problem with hetero­
ploidy is that seed set percentages from back 
crossing are extremely low. 

Use of Lower Ploidy 
Tetraploids with sorne economical charac­

teristics are being bred in our laboratory using 
K221, K222. and cultivated sweet pota toes. 
We have obtained tetraploids with enlarged 
storage roots. Thus. it seems quite possible to 
develop tetraploid sweet potatoes. By taking 
advantage of the wild relatives of the sweet 
potato it may also be possible to develop di­
ploids producing tuberous roots like hexaploid 
sweet potatoes. 

The authors wish to express their sincere thanks 
to Dr Alfred Jones, Research Geneticist of ARS, 
USDA, for bis kindness in reviewing and correct­
ing the manuscript. 
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Vegetative and Sexual Management in F ood Y am 
Improvement 

L. Degras1 

Yam models are described, giving severa) required characteristics for clona) cultiva­
tion of Dioscorea afata, D. cayenensis, and D. trifida . Intraclonal sclection is possible 
because of tuber interna! heterogeneity, clona! population diversity. and time dispersed 
production and germination of individual plant bulbil. A kind of "somatic drift" is 
observed. 

Severa! aspects of determinism of tuberization and flowering are cited, and day/ night 
ratio, light intcnsity, soil mineral balance, interna) vegctativc phascs, and gcnetic factors 
are recognized in flowering and in sex-ratio dcterminism . 

Basic management using axillary structu re growth-substance treatment for vegetative, 
tuberization, flowering, and sex control is discussed. In addition, the genetic analysis of 
characteristics, and different cultivation systems are examined. 

Yam improvement has normally been based 
on the introduction of clona) cultivars selected 
from traditional populations. Use of the sexual 
system for food yams has becn attempted; how­
ever, it is among pharmaceutic yams that the 
sexual systcm has been extensively used and 
studied. 

Improvement of the food yam through its 
sexual systcm began in 1966 with D. tri/ida in 
Guadeloupe (Degras 1969), and it is now 
spreading th rough an inter-Caribbean select ion 
on behalf of the ISTRC-CFCS yam study 
group. Thc largest food yam breeding poten­
tia) now comes from liT A where, sin ce 1970, 
Sadik and Okercke ( 1975) ha ve developed 
the sexual utilization of D. cayenensis ssp. 
rotundata, and tested a large amount of seeds 
throughout the t ropics. 

This does not, however, mean that clona! 
selection should be stopped, rather it still may 
have an important role to play. 

Yam Models in Current Clona) 
Cultivation 

At the present time, al! cultivated yams are 
clonally propagated. The characteristics of D. 
afata, D . cayenensis, and D. trífida in the 
French Wcst Indies are as follows: D afata­
( 1) high cooking quality (white flesh), (2) 
long storage without loss of weight, ( 3) re­
sistant to anthracnosis and viruses, (4) resistant 
to water stress, ( 5) high yield with medium 
and regular size tubers ( other characteristics 

IPJant Breeder, lnstitut national de la recherche 
agronomique (INRA), Centre des Antilles et de 
la Guyane, Oomaine Duelos, Prise d'eau, Petit 
Bourg, France. 

existing widcly in the species are: good 
dormancy, rcsistancc to Penicillium oxalicum, 
germination in dry conditions, and good yield 
without staking); D. cayenensis ssp. rotundata 
- ( 1) fa ir tuber maturity long before foliage 
decay, (2) good tuber regrowth after com­
mcrcial harvest, ( 3) high cooking quality 
( whitish flcsh), ( 4) year-round tuber develop­
ment, ( 5) medium storage duration of com­
mercial harvcst, ( 6) prickless roots, (7) high 
carly yield; D. trífida- ( 1) tubers available 
year-round bccause of: (a) fresh production al! 
season, (b) food storage duration, (2) high 
cooking quality with sweet taste, ( 3) tuber 
grouping near soil surface, ( 4) high yield with 
10% sced sized tubers, ( 5) resistant to viruses, 
Penicil/ium oxalicum, ncmatodes, and mcaly 
bugs, (6) sphcroidal tubcr shape, (7) resistant 
or tolerant to drought. 

Intraclonal Selection 
Variation within a clone exists. Heads, 

middles, and tails from the same tuber differ 
in earliness of germination, yield, and number 
of stems or tubers produced . In addition, 
normal bud rcgulation is suppressed when the 
slice sizc is greater than 5 g (Degras and 
Mathurin 1975). It is important that differ­
cnces have been repcated over first and second 
generations of two D. trífida clones obtained 
from differcnt parts of a tuber of cultivar 
INRA 25: flowering time differences at tbe 
second gcneration were in accordance with be­
haviour in the first generation, differences in 
time to maturity were up to 1 month. 

We do not know thc leve! of genetic homo­
geneity of traditional cultivars, but sorne may 
include mutational variations. Otf-types are 
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Table l. Agronomic variability from D. cayenenís cultivar Krenglé intraclonal tuber selection. 

Tuber shape Plant size Growth Tubers Mean tuber 
(seed tuber) (200 days) duration• Yieldb harvestedb weightb 

Cylindricatc 100 100 100 100 100 
Cylindro-conical 110 111 91 103 89 
Conical 100 104 88 108 82 
Ovoidal 113 104 82 88 94 
Spheroidal 103 100 73 102 67 

•Statistical significance has been found for shape x seed tuber weight interaction in cycle duration. 
bSignificative differences p = O.OS . 
°Cylindrical data are takcn as basis = 100 for each trait. 

normally easily recognizable when cultivated 
with cultivars: cultivar individua lity is a fact. 
Nevertheless, in the well known cultivar D . 
cayenensis ssp. rotundata "Krenglé," in central 
lvory Coast, a number of tuber forms could be 
separated. When cultivated separately they 
ha ve d istinct performances (Table 1 ) . 

Another case of intraclonal variation that 
may be explorcd arises from different times to 
maturation of the bulbils of the plant. In D . 
bufbifera and D. afata, the difference may 
reach 1 month. 

These examples show that a form of 
"somat ic drift" of clona! exprcssion of a yam 
genotype could proceed from conscious suc­
cessive selection of extreme phcnotypic varia­
tions. lt is obvious that in curren! cultivation, 
such variations do not cause marked changes 
of the clona! population. But we think that 
through controlled cultivation ( planting time 
and dcnsity) and cont rolled dormancy dura­
tion we could expect to alter the phenotypic 
balance of clona! properties. The selection of 
the type of planting material from tubers of a 
clone could at the same t ime determine the 
best rate of multiplication and the highest ratc 
of phenotypic va riation that could be explored 
through environment X growing condit ion in­
teractions (Mathurin and Degras 1974, Degras 
and Mathurin 1975) . In this respect, an ex­
periment is now in progress us ing D . trifida 
cultivar INRA 25. 

Flowering Determinism 

Flowering Stage and Vegetative 
Development Relation 

Wild and domestic yams seem to give 
preference to the vegetative system over the 
sexual system ( Burkill 1960). In many cases 

the sexual phase is very depressed in annual 
cultivation. A kind of competition exists be­
tween vegetative accumulation and sexual de­
velopmcnt for the following reasons. 

Tuberization and ftowcring seem to be 
favoured by short days for a number of species. 
This has been shown for bulbils a nd for tuber 
growth. D. afata and D . trifida normally ftower 
in the autumn, but H enry (1967) obtained 
carlier ftowering for a number of seedlings 
under short days. 

High light intensity is necessary for flowering 
and tuberization : Henry (1967) observed a 
lower leve! of flowering of D . trifida seedlings 
when shaded. For most species, staking, which 
permits more light to enter the canopy, gives 
higher tubcr yields. The difference is striking 
for a number of dry-forest clímax species Jike 
D . cayenensis, whereas it is less importan! for 
rain-forest clímax species like D . afata and D . 
trifida. 

The physiological response to fertilization 
suggests a common process for initiation of 
tuberization a nd flowering. We observed that 
given balances of N PK in D. cayenensis in­
creased the tuber yield a nd the percentage of 
pla nts that ftower. In D . afata, stem fasciations, 
which may be considered in sorne cultivars 
from central Ivory Coast as a substitute for 
flowering, occurred when tuber yiclds were 
greatest. 

G enerally speaking, ftowering seems to be 
triggered by a certain leve! of development of 
the vegetative organs. This could account for 
the low leve! of ftowering observed in the first 
growing cycle of D. tri fiel a seedlings when com­
pared to the second cyclc. This leve! is not 
merely a matter of biomass: plants with heavy 
vegetat ive organs do not necessarily flower. 
lt seems that the relation is both qualitative and 
q uantitative. 



60 TROPICAL ROOT CROPS SYMPOSIUM 

Aspects of the control of the vegetative and 
ftowering stages are also seen in the balance 
between bulbil and inftorescence development 
in sorne species. Along one plant of D. bulbi­
fera (Martín 1974) there are a succession of 
foliar axils, first with bulbils alone, then with 
both bulbils and inftorescences, then with 
inflorescences alonc. Among populations of 
primitive cultivars of D. alata sorne clones bear 
only bulbils and others only inftorescences. 
Bulbil setting begins somewhat before the 
flowering time. 

Genetic factors also control ftowering 
formation. Apart from the wide differences 
known between cultivars in a D. cayenensís 
for instance, it is known that sexual reproduc­
tion and selection can increase the percentage 
of flowering (Sadik and Okereke 1975). 

So, ecological factors Iike day/ night ratio, 
light intensity, soil mineral balance, interna! 
vegetative phases, and genetic makeup control 
yam flowering. 

Sex-Ratio Detenninism 
Though dioecism is the general case in yams, 

a number of cases have been observed where 
sorne leve! of monoecism and even of herma­
phroditism is obvious. In central Ivory Coast 
the occurrence of monoecious plants in D . 
cayenensís is affected by mineral fertilization 
and season, and its occurrence is higher in 
sexual progenies than in clona) material. 
Sadik and Okereke (1975) ha ve recently con­
firmed these findings. 

In a number of species a prevalence of maJe 
flowers is reported. In sorne wild species, the 
female form is unknown, for example in Mada­
gascan flora ( Burkill et al. 1950) or in Mexican 
flora (Matuda 1954). Martín (1966) who 
studied the behaviour of steroid species, sug­
gested that the variations of sex-ratio in prog­
enies proceed from the different heterosomic 
status of the mate parents, which in tetraploid 
species could be XXXY, XXYY, or XYYY. 
The Iatter is Icthal or only gives males. 

In D. trífida, Henry (1967) observed a high 
prevalence of males in common clona! prop­
agation, a Iower prevalence in the first seed­
Iing growth cycle, and a still lower prevalence 
in clona! multiplication of these seedlings. De­
gras et al. ( 1973) observed an in crease of 
female plants when flowering was increased. 
In D . trífida seedlings a 3/ 1 mal e/ female ratio, 
which in the case of predominan! tetraploidy, 
could result from a XXYY male. In D. cay-

enensís spp. rotundata, Sadik and Okereke 
( 197 5) obscrvcd no female inftorescence in 
the first seedling cyclc, but in the following 
growth cyclc, fcmale plants appeared in a 
highcr proportion than in traditionally vege­
tativcly rcproduccd populations. 

Another aspcct of Díoscorea ftowering seems 
constan!: thc time of fcmale flowering with re­
spect to that of males. This may be associated 
with the tcndcncy toward higher tuber yields 
from fcmale plants. 

To obtain high lcvels of yam crossing the 
following are rccommended: (l) a high leve! 
of vegetativc growth, which is necessary for 
full fcmale expression; (2) several plantations 
of both parcnts for simultaneous ftowering; 
and ( 3) common staking of mate and female 
inftorcscences so that ftowers are close (pollen 
is sticky and wind dispersa) poor). 

Ncw rcscarch could lead toa better manage­
ment of yam ftowering. The very specific nature 
of the nodal and axillary yam structure is 
obvious from the special vascular organization 
(glomeruli) ascribed to this genus (Ayensu 
1972). Thcse glomeruli are capable of develop­
ing into ftowcrs, bulbils, or chiots. A systematic 
scrccning of growth substance, and the nutri­
tional and physical cffects on the yam nodal 
axillary system, as applied to the axillary com­
plex of Euphorbíaceae ( Champault 1973), 
may be succcssful in increasing flowering. 

First Data from Genetic Analyses 
M artin ( 1966) attem pted an interpretation 

of sex-ratio he redity in yam, and we have 
limited data on D. trífida (Degras 1969, De­
gras et al. 1973). We now ha ve more complete 
data for a number of crosses in this species. 

Anthocyan in Tuber Flesh 
Table 2 gives the distribution of anthocyan 

in progeny. lnterpretation is difficult because 
of: the Iimited seed germination; the death of a 
number of plants in the field; and the possible 
interaction of anthocyan expression with de­
gree of maturity of harvested seedlings. Never­
theless we observed: (1) a dominance of purple 
over white; (2) a transgression beyond the 
purple; and ( 3) an occurrence of intermediate 
levels; suggesting a number of modifying 
factors. 

Length of Nontuberous Parts of StoJon 
The length distribution of the stolons, for 40 

progeny of D . trífida (C.C.V. X INRA), was 
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Table 2. Distribution of anthocyan in tubers of 40 
progeny of D. trijidu (C.C.V. X INRA). 

Skin colours 

Deep Light 
Aesh colours purple Purple purple White 

Deep purple 3.3 1.6 
Purple 22.9 18.oa 
Light purple 3.3 18.0 
Very light purple 1.6 3.3 
White 1.6 6.6 19.6b 

ac.C. Violette type. 
bJNRA 40 type. 

as follows : less than 10 cm 32.2% ; 10-15 cm 
26.2%; 15-20 cm 20.8%; and more than 20 
cm 20.8%. Long stolons appear dominant over 
short ones. Here also a transgression beyond 
parent limits is observed. It seems that for most 
characteristics, in accordance with the general 
high level of polyploidy in cultivated yams, 
multiple leve! factor determinism is the rule. 

The analysis of yam genetics will benefit 
from the utilization of autofertile monoic or 
hermaphroditic plants. If androgenesis could 
be applied to yam pollen to give haploid clones, 
this would open new opportunities of genetic 
analysis. Recently attempts have been suc­
cessful (Arnolin 1976, personal communica­
tion) . 

Sexual Progeny Selection 

The success of selection from free and con­
trolled pollinated crossings of D. cayenensis in 
West Africa, and D. tri/ida in the West Indies, 
shows that theoretical knowledge of the genetic 
mechanisms are not needed to make advances. 

The first conscious agronomic utilization of 
hybridization in D. cayenensis occurred in 
1955 at Bouaké (lvory Coast) where Franck 
harvested 3020 seeds from cultivar "Assaoua" 
and obtained 48 seedlings. Only 13 clones were 
retained. We studied them from 1956-58, and 
selected from them Assaoua B9 (Van de Venne 
1973, personal communication). 

Among many selection criteria we noticed, 
at the first clona! cycle, the value of flowering, 
sex expression, and phyllotaxy. Nonflowering 
plants produced 668 g, monoic 770 g, and fe­
maJe 113 5 g (mean tuber weight). Leaf and 
branch balance on successive nodes gave a yield 
of 1000 g (worst balanced system) to 3000 g 
(best balanced systems). A relation between 

sex type and yield has also been found by 
Sadik and Okereke (1975). 

Seed germination and many aspects of the 
two first progeny growing cycles of D. trífida 
were studied by Henry ( 1967). Sin ce 1965 in 
Guadeloupe, about 5000 seedlings from 20 
crosses have been observed and tested, and 
improved cultivars have been obtained. Among 
them INRA 25 and INRA 5-20 associate a 
number of the required characteristics. Resist­
ance to diseases (Penicillium rot, viruses) and 
pests (mealy bugs, nematodes) are stilllacking 
in our hybrids. Special genetic searches are 
projected in the Guyanas. 

New Horizons 
Now that the feasibility of genetic improve­

ment of yams is well established, we can ex­
amine sorne new cultivation systems. 

First, more intensive cropping will proceed 
from the following genetic modifications: ( 1) 
greater efficiency in translocation of assimilates 
to the tuber, including limitation of stem de­
velopment, shortening of the prebulking tuber 
phase, and faster tuber maturation; (2) Jower 
interplant competition, permitting higher 
plantation density; ( 3) more rapid drying of 
the tops at maturity to aid mechanical harvest­
ing; ( 4) underground structure superficially 
compacted for better mechanical harvesting; 
and (5) higher nutritive value of tuber. Known 
variability permits a reasonable expectation of 
obtaining clones with most of these traits. 

Other quite new genetic modifications can 
be envisaged if sexual seeds become the basic 
material for plantations. Preliminary require­
ments are: highly prolific female parents; 
good seed germination; and knowledge of the 
combining ability of the parents. 

Two Ievels of these crop modifications can 
be projected: ( 1 ) the tubers from the seedling 
may be used as propagating material for com­
mercial production; and (2) the seedling cycle 
must give good tuber yields and hence breeding 
selection will change from clona) to seedling 
performance. In both cases a relative genetic 
homogeneity is wanted in the progeny. Both 
parents , or at least one of them, should be built 
through successive brother X sister crossings 
in order to reach sorne leve! of homozigosity 
for main characteristics. 

Ayensu, E. S. Anatomy o! tire monocotyledons. 
VI. Dioscoreales. Metcalfe, C. R. (ed.), Ciaren­
don Press, Oxford, 1972, 182 p. 
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Sweet Potato Clones Adapted for Libyan Agriculture 

Warid A. Warid, Boleid W. Dahmani, and Mosbah M. Kushad 1 

Five experiments were conducted from 1971 to 1973, on thc adaptability of sorne 
introduced clones of sweet potato. An average yield of marketable enlarged roots of 7.4-
21.2 t/ ha was produced by clone American from USA, 24.3-26.6 t/ ha by clone Kahera 
Hybrid, and 14.5- 29.6 !/ ha by clone Mabrooka. The last two clones were introduced 
from Egypt. 

The most variable clone in weight of vine, number of roots, or yield was Mabrooka, 
and the least variable was Kahera Hybrid. Within a given clone, the yield showed the 
highest degree of variability. A nonsignificant correlation existed bctween vine weight 
and number of roots. A positive correlation was found between vine weight and yield in 
two clones, and between number of roots and yield in all clones. 

The sweet potato has always been an im­
portant food crop. However, the sweet potato 
crop is not popular among Libyan farmers. 
The enlarged roots offered for sale are of in­
ferior quality. They are elongated and not 
uniform in shape. The skin surface is ridged 
and tan coloured. The flesh is whitish, almost 
tasteless when boiled, and has a high fibre con­
tent. The vcgetable breeding program at the 
University of Trípoli has included the improve­
ment of this crop since 1969. A few enlarged 
roots of sorne clones bred in Egypt, Japan, and 
the United States were introduced and asex­
ually propagated for the first 2 years. Sorne of 
these clones were discarded early because of 
poor growth of vincs, low yield of enlarged 
roots, or the production of only thick and non-

IOepartment of Plant Production, College of 
Agriculture, University of Tri poli, Tri poli, Libya. 

marketable roots. Perennial plots were estab­
Iished for promising clones to obtain stem 
cuttings for use as planting material in clona! 
evaluation tests. 

Little work has been done on sweet potatoes 
in Libya, although recommended cultivars 
werc reported by Mazzocchi and Thrower 
( 1962) . The aim of this study was to screen 
introduccd clones, and possibly recommend 
one or more clones for food and industry. 

Materials and Methods 

A total of five experiments were conducted 
from 1971 to 1973 at the University of Trípoli. 
The soil was a sandy Ioam (pH 7.5-8.5). Stem 
cuttings, 20-25 cm long, were planted 30 cm 
apart in rows 60 cm wide. The experimental 
plot unit varied from 2 to 8 m2 ( excluding 
guard rows). The crop was grown as a summer 
crop under irrigation. Mean air temperature 
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had a mínimum range of 13-22 ·e and a maxi­
mum range of 23-32 ·c. The fertilizer (NPK, 
60, 120, 120 kg/ ha) was applied 2-3 weeks 
after planting, and 1 month later as a side 
dressing. 

Clonal Productivity 

Four clones, namely, Yabany from Japan, 
America from the U.S. , and Kahera Hybrid 
and Mabrooka from Egypt were tested in a 
randomized block design. The test in 1971 was 
conducted at Oreen Hill Project (recently re­
claimed land) using six replications. Planting 
was on 7 June 1971 and harvesting ( 43 284 
plants/ ha) occurred 3 7 weeks la ter. In 1972, 
planting was done on 16 May 1972 and after 
31 weeks 47 667 plants/ ha were harvested. In 
1973, the planting was conducted on 21 May 
1973, harvesting 31 weeks later yielded 50 500 
plants/ ha. Four replications were used in both 
1972 and 1973. The vines at harvest were cut 
close to the soil surface. Enlarged roots of 
marketable size, with a mínimum diameter of 
3 cm, were weighed. Analysis of variance was 
applied to the data, and coefficients of varia­
tion were computed for each characteristic. 

Eflect of Planting Date and Harvesting 
Period 

This test was conducted in 1972. It included 
two clones (M abrooka and Yabany), three 
planting dates 18 May, 1 June, and 15 June), 
and two harvesting periods ( after 26 and 30 
weeks). A split plot design was followed using 
three replications. The number and weight of 
enlarged roots were recorded. 

Determination of Dry Matter 

Samples of enlarged roots produced in the 
1973 test were used to determine the dry 
matter content of three clones (American, 
Kahera Hybrid, and Mabrooka) . A sample 
was drawn from each root by a piercing tool 
that punctured the root transversely in the 
middle and near both ends. Four replicated 
samples, each having a fresh weight of 30-35 
g, represented a given clone. They were dried 
to constant weight at 90 ·e in an oven for 
severa! days. The dry matter content was the 
dry weight calculated as a percentage of the 
original weight of the portion used. The test 
was repeated 20 days later. Cooked and baked 
roots of the tested clones were described for 
flesh colour, texture, and general acceptability. 

Correlation Between Characters 

American, Kahera Hybrid, and Mabrooka 
clones tested in 1973 were harvested after 27 
weeks. A 30-plant sample for each clone was 
used. Three characteristics: fresh weight of 
the vine, and number and weight of enlarged 
roots, were correlated on a per-plant intra­
clonal basis. Simple and partial correlation 
coefficients were determined. The coefficient of 
determination (r2 ) was computed for each 
significant partial correlation coefficient ( r) . 
The yield of a sweet potato plant, expressed as 
wcight of enlarged roots, is generally con­
sidered to have two component traits. These 
are the number of enlarged roots and the mean 
weight per root. A simple correlation between 
the two components was determined on a single 
plant basis within each of the three tested 
clones. 

Results and Discussion 
Clonal Productivity 

The Kahera Hybrid clone produced the 
highest yield (26.6 t/ha in 1971) . All clones 
tested in 1972 and 1973 gave yields which were 
not significantly different. Variation in yield 
was from 26 to 67 % . The lowest coefficient of 
variation was encountered in 1973 where the 
mean yield was 18.5, 18.5, and 25.1 t/ ha for 
clones American, Mabrooka, and Kahera Hy­
brid, respectively. Yabany clone was discarded 
after 1972 on account of its comparatively 
poor vegetative growth. 

The ftuctuation of yield from season to sea­
son was evident in clones American and Ma­
brooka. A similar clona! trend has been found 
in reports from Malaysia, the Seychelles, and 
Trinidad. A better judgement of clones, how­
ever, can be achieved through a combined an­
alysis of yields over severa!, perhaps 5 or more, 
years. 

Neither the number of enlarged roots nor 
their weight was significantly affected by the 
interaction between clones, planting dates, and 
harvest periods. The two tested clones, namely 
Mabrooka and Yabany, differed with respect 
to both number and weight of enlarged roots. A 
greater number and a higher weight of roots 
were produced by Mabrooka. The average yield 
was 30.8 and 2.8 t/ ha in Mabrooka and 
Yabany clones, respectively. The weight of 
roots was more variable than their number. It 
was generally observed that the vegetative 
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Table l. Mean dry matter content, colour of skin, and nesh colour and texture of 
enlarged roots of different clones (University of Tripoli 1973). 

Dry matter• Colour Aesh 
Oones (%) Skin Flesh textureb 

American 23.4 light tan dark orange soft 
Kahera Hybrid 22.7 copper red light orange soft 
Mabrooka 22.3 copper red creamy white firm 

*Coefficient of variation 3.27.. 
bTexture of the cooked ftesh. 

growth of sweet potato plants continues for 
about 1 O months. The vines are usually killed 
by frost in late Dccember or January. Thus, 
planting dates in August and September could 
be tested in addition to the curren! Aprii-June 
planting. 

The dry matter content varied from 22.1 to 
23.4% on the average (Table 1 ). Clone Amer­
ican posscssed a higher dry matter than either 
Kahera Hybrid or Mabrooka. A report from 
Nigeria ( Anonymous 1973) indicated the ex­
istence of sweet potato clones having up to 
45 % dry matter. Results of the palatability test 
for all clones, their flesh characteristics, and 
yielding ability would favour their recom­
mendation to Libyan farmers. Many citizens 
and students on the campus of the University 
of Tripoli showcd great interest in using these 
sweet potatoes as food. The yield per hectare, 
obtained in the present tests, would encourage 
the production of sweet potato and the expan­
sion of its arca. FAO ( 197 5) presented data on 
the world production of sweet potato. A yield 
as high as 23.3 t/ ha was reported in Cook Is­
lands in 1973; Egypt produced a yield of 17.9 
t/ ha. The yield of 12 or more tons per hectare 
was recorded in 18 countries. 

Correlation between Characters 
On an individual plant basis, the mean 

weight of the vines was 754, 734, and 1085 g 
in American, Kahera Hybrid, and Mabrooka, 
respectively. The mean number of roots was 
3.5, 2.3, and 2.5 for the same clones. The aver­
age yield was 380 g in American, 51 O g in Ka­
hera Hybrid, and 404 g in Mabrooka. The most 
variable clone was Mabrooka, whereas Kahera 
Hybrid was the least variable. This was true for 
variation in each of the three characters 
studied. Values of the coefficient of variation 
ranged from 47.1 to 65.1% for vine weight, 
from 62.0 to 69.3% for number of enlarged 
roots, and from 62.0 to 96.0% for yie1d, i.e. 

weight of enlarged roots. Within a given clone, 
c.g. American or Mabrooka, the weight of 
roots showed the highest degree of variability, 
the weight of vine showed the Jowest variation. 

The recorded interclonal variation with re­
gard to a specific trait and intercharacteristic 
variation within a clone, could be attributed to 
the genetic control of the various characters in 
different clones. The contribution of yield com­
ponents to yield variability was not included in 
the present study. Lowe and Wilson ( 1975a, b) 
found that this contribution depended on the 
relation between yield and either tubers num­
bcr, mean tubcr weight, or both components. 
Their data showcd a greater variation for the 
yicld of marketable tubers, i.e. enlarged roots. 
The same conclusion was reached in the pres­
ent investigation. 

Values of the simple correlation coefficient 
between number of enlarged roots and mean 
weight per root were - 0.184, -0.174, and 
-0.549 in clones American, Kahera Hybrid, 
and Mabrooka, respectively. The last value 
was highly significan!, but other values were 
not significan!. The negative correlation found 
in Mabrooka clone was also reported in dif­
ferent sweet patato material studied by Li 
( 1965), and Lowe and Wilson ( 197 5a, b). The 
degree of association between root number 
and mean root wcight, however, was not clear. 
The yield would be affected by any significan! 
association found between these two charac­
teristics, which are generally considered the 
main components of yield. The mean weight 
per root was not involved in subsequent types 
of correlations. 

Simple and partial correlation coefficients for 
vine weight, number of enlarged roots, and 
yicld, i.e. wcight of enlarged roots. were calcu­
lated. Values of the partial correlation coeffi­
cient indicated a nonsignificant correlation of 
vine weight with number of roots. A similarcon­
clusion was reached by Li ( 1965) . Vine weight 
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and yield were not correlated in the Kahera 
Hybrid clone, but they were positively corre­
lated in other clones. Values of r were 0.462 
and 0.827 in American and Mabrooka clones, 
respectively. The corresponding r 2 values were 
0.213 and 0.684, indicating that 21.3 and 
68.4 % of the variation in yield of these clones 
can be ascribed to the etfect of vine weight, 
keeping the number of roots constant. 

Yield and number of roots showed highly 
significan!, positive correlation in all clones. 
This finding is in accordance with that of Li 
(1965), and Lowe and Wilson (1975). The 
range of r values was from 0 .650 to 0.705. 
Values of r 2 were 0.497, 0.423, and 0.438 in 
American, Kahera Hybrid, and Mabrooka 
clones, respectively. This indicates that from 
42.3 to 49.7 % of the variation in yield of the 
tested clones can be attributed to the etfect of 
number of roots, keeping vine weight constant. 

Anonymous. lnternational lnstitllte of Tropical 
Agricu/ture, )973 Report. Root and tuber 

improvement program. Plant Breeding Ab­
stracts, No. 9090, 1975. 

FAO. /975 Production yearbook. FAO, Rome, 
Vol. 28-1, 1974. 

Haynes, P. H., and Wholey, D . W. Variability in 
commercia/ sweet potatoes (lpomoea batatas, 
L. Lam) in Trinidad. Exp. Agric. 7, 1971, 27-
32. 

Li, L. Studies on the association among yield 
components and their relationship to tllber yield 
in sweet pota toes. J . Agric. Assoc. China, New 
Series, 49, 1965, 1- 14. 

Lowe, S. B., and Wilson, L. A. Yield and yield 
components of six sweet potato (lpomoea 
batatas) cultivars. l . Contribllfion of yie/d 
components to tllber yie/d. Exp. Agric. 11, 
1975a, 39-48. 

Yield and y ield components of six sweet 
potato (lpomoea batatas) wltivars. 11. Varia­
bility and possible sources of variation. Exp. 
Agric. 11 , J975b, 49- 58. 

Mazzocbi, G. B., and Tbrower, L. B. Report to 
the Government of Libya on the production of 
fruit and vegetables. FAO, Rome, FAO Report 
No. 1351, 1962. 

Summary of Discussions 

Origin, Dispersal, and Evolution 

Rapporteur: D. Plucknett 

Discussion Leaders: D. Plucknett, D.G. Coursey, and F. Martín 

Yams 
Yams were domesticated in at least three ditferent areas, and sorne have be­

come so domesticated that the sexual process no longer exists. 1t is probable that 
the yam has been cultivated for 1 O 000 years o r more. During this period the 
degree of domestication has varied. Sorne remain toxic or poisonous. 

D. afata is virtually sterile, the only known seeds and seedlings have been 
found in the Central Tuber Crops Research Institute in India and in Bogor in 
Indonesia. lt is probable that evolution has continued by asexual means probably 
through aerial tubers, which are common. In Puerto Rico one form has given rise 
to many subtypes over many years. 

In the case of D. esculenta, there is still much sterility but nevertheless fertile 
forms exist; flowering types have been reported in the Solomon Islands. In general 
there is a prevalence of maJe flowers. 

D . rotunda/a is nearly sterile but recent selection for flowering types in liT A has 
Jed to more profuse flowering types that also have higher yields. lt is interesting to 
speculate on the criteria for selection in primitive agriculture that selected for Jess 
tlowering and apparently also Jower yields. For future selection of higher Jevels of 
tlowering, the search should be conducted in forest areas not in the research stations 
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because the yam is a forest plant that under natural conditions produces seeds and 
seedlings. 

D. trifida is the only wild edible yam of the Americas; originating in the Amazon 
basin, it ftowers freely. 

Sweet Potato 
No other tropical root crop has received so much research on its origins. Cur­

ren! theory places its origins in the new world. A hexaploid, it probably carne from 
diploid or tetraploid forros, which may exist today in the wild. Dr Nishiyama and 
coworkers in Japan, have studied swcct potato origins more than any other group. 
They found diploid and tetraploid plants that cross with sweet potato. /pomoea 
tri/ida is the only wild hexaploid plant. Dr Nishiyama believes that / . batatas carne 
from /. trifida. 

The problem of self-incompat ibility of sweet potato presents problems. How 
and from what sources did self-incompatibility in sweet potato arise? Self-incom­
patibility results from three ditfercnt genes. Wild lincs are not sclf-incompatible. 
Where, then , are the wild progenitors that are perennial and have sorne degree of 
self-incompatibility? Nishiyama collected mainly in Mexico but maybc the anccstors 
of sweet potato are here somewhere in northern South America? A wild tetraploid 
line was found near Ca ti : Where are the others? 

Aroids 

The aroids probably originated in forest margins or swamps. Their special 
adaptation to wet conditions made them useful for early man who selected the 
plants and devised intricatc systems for growing Colocasia and Cyrtosperma. 

All five main edible genera Alocasia, Amorphophallus, Colocasia, Cyrtosperma, 
and Xantltosoma are vegetatively propagated. H owever, the plants can produce 
ftowers and seeds, a lthough the conditions for this are not well understood. 
Seedlings can be obtained and be grown to maturity. The many varieties probably 
arose from chance seed setting and selection by man. 

The yam/ aroid food crop complex was one of the earliest agricultura) systems. 
Magnificent stone-walled irrigated terraces were constructed in Asia and Oceania 
by early man to grow Colocasia. Sorne anthropologists believe that Colocasia may 
have been the first irrigated crop and that rice may ha ve been a weed of Colocasia. 

Chromosome numbers a re importan! in plant type. Diploid Colocasia have 
a large main corm and few cormcls, whercas triploids have numerous cormels. In 
general, diploid and triploid plants difTer somewhat in tolerance of water regime, 
and in crop duration. 

The taxonomy of a JI edible aroids is confused, especially in X anthosom a, 
Alocasia, and Cyrtosperma. Of first priority for study is the cultivated Xanthosoma 
complex. 

The future of aroids will be based largely on their adaptation to difficult lands. 
Potential yields of Colocasia and Xanthosoma are very high. 

In Asia, Colocasia and yams were both importan! as food crops, and were 
usually grown together. In Africa, the association between yams and aroids was not 
well developed. 

Cassava 
There are three centres of diversity of cassava in Latin America. The State of 

Goias in Brazil has 38 species, Mato Grosso 70, and N.E. Brazil more than 20. In 
Mexico there are 17 or 18. Part of the history of dispersa) of cassava is related to 
the Arawak lndians who originated in Venezuela or the Guyanas and moved to 
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Central America 2000 years ago and later returned to South America. However 
there is evidencc that c_assava was cult ivated mo re than 6000 years ago in the North 
Coast of Colombia. Nevertheless the word "Yuca," used widely for cassava in South 
America, is an Arawak word suggesting that it may have been spread by them. 

In Mexico there are only "sweet" cassavas and in Brazil there is tremendous 
variation. As the lndians moved north it is possible that they onl y took the sweet 
cassavas. In Mexico cassava arrived quite late, possibly after the Spanish arrived. 

Po tato 
The region near Lake Titicaca between Peru and Bolivia was probably the 

place of origin of the potato. Russian workers believe the point of origin was farther 
south, in Chile. There are many wild and cultivated species in the Andean highlands. 
and there are wild species of Solanum in Mexico and Guatemala. 
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Productivity of Root Crops 

R. S. Loomis and H. Rapopore 

The presence of an underground storage organ introduces a unique dimensio~ to the 
productivity of plants. This dimension concerns the role of the organ as. a smk .for 
photosynthates in competition with leaf and stem growth. The extended penods of ~~e 
over which bulking may occur, and its indeterminant nature, means that t~e competttJO.n 
for substrate influences the dynamics of plant growth over mucb of the hfe cycle. It ts 
importan! tben tbat we understand the controls by which bulking is balanced with otber 
growth activities of the plants. 

Although root crops involve special problems in partitioning of pho~osynthates, oth~r 
aspects of tbeir production processes seem to be similar to most other htgher plants. Thts 
discussion of productivity in root crops first examines production processes of plant 
communities and then considers the dynamics of partitioning to storage organ growtb, 
and its control. 

Primary Production in Plant 
Communities 

The radiation regime is a key factor in 
productivity. Above the earth's atmosphere the 
flux of short wave radiation averages 2.0 cal 
cm·2min· l on a surface normal to the sun's 
rays. In the tropical regions, where solar alti­
tudes vary between 66 and 90" elevation at 
solar noon, the diurna! totals of solar radiation 
on a horizontal surface outside the atmosphere 
range from 800 to over 900 cal cm-2day· 1 

throughout the year. With clear skies of low 
humidity, up to 80% of this radiation would 
be transmitted to the earth's surface. Most of 
this would be direct beam radiation and onl!· a 
relatively low fraction ( perhaps 16% ) would 
be received as diffuse skylight. Thus, the peak 
irradiances in the tropics can be very high, ex­
ceeding 1.2 cal cm· 2min· •. Radiation levels of 
this sort are observed in the desert environ­
ments of the arid subtropical regions where 
irradiances of 700-800 cal cm-2day· 1 are com­
mon. When irrig~tion is possible, these regions 
will support very high levels of crop produc­
tion. However, the potential receipt of solar 
energy is greatly modified by atmospheric con­
ditions and high radiation levels are less com­
mon in the tropics because of cloudiness and 
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humidity. Diurnal totals for solar radiation 
usually fall in the range of 300-500 cal 
cm 2day· l of which 30-40% may be diffuse 
skylight. Values of 500 or more are achieved 
only during the dry season when moisture 
supply may limit the extent that the plant com­
munities can benefit from the high radiation. 
Tropical environments are further limited 
by the short days, which range from 1 0.5 to 
slightly over 13 hours. At higher latitudes in 
the temperate zones, daily radiation totals of 
500 or more cal cm-2day· 1 are relatively com­
mon during the summer scason. The lower 
solar elevation and longer days of these en­
vironments result in smaller values for peak 
irradiance and this can be of considerable ad­
vantage to the plant community. 

Thc Iow irradiances of tropical regions are 
associated with smaller net radiation exchanges 
at the earth's surface. Net radiation is the dif­
fercnce between the totals of incoming and 
outgoing radian! fluxes and is related chiefly to 
exchanges of energy with latent heat and air 
tempcrature. Tropical environments thus have 
an advantage in low evaporative demands. In 
terms of primary productivity, however, the 
chief advantage of tropical regions líes with 
thc lcngth of the growing season, because other 
aspccts of the radiation budget are generally 
inferior to that received during the summer 
scason at higher latitudes. The long growing 
season Iends an advantage to perennial crop-
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ping systems with indeterminant growth 
habits, i.e. to crops like cassava with under­
ground storage organs of long growth duration. 

The nature of the foliage cover is an im­
portant factor in determining the efficiency 
with which the available solar radiation is used 
in primary production (Loo mis and Williams 
1969). The Jeaf area index of most root crops 
increases slowly after planting, due in part to 
the use of relatively low plant densities. De­
pending upon species and environment, 6-12 
weeks of growth may be needed to achieve full 
cover ( at a leaf area index of about 3). Leaf 
area development may change with the onset 
of storage organ development. Haynes et al. 
(1967) show for yams (Dioscorea afata L.) 
that leaf area declines as tuberization begins. A 
similar response occurs with potato (Solanum 
tuberosum L.) (Moorby and Milthorpe 1975). 
In contrast, sugar beet (Beta vulgaris L.) 
(Loomis and Bennett 1966; Campbell and 
Viets 1967), sweet potato (/ pomoea batatas 
L.) (Tsuno and Fujise 1965) and cassava 
(Manihot esculenta Crantz) (Enyi 1972) con­
tinue to add new leaves to the canopy during 
tuberization and thus are able to maintain a 
reasonable leaf area index throughout the 
season. 

One way to quantify these ditferences is to 
calculate the leaf area duration (the integral of 
leaf area index over time). Enyi ( 1972) found 
that 75 % of the variation in cassava yields re­
Jated to single and multishoot treatments could 
be ascribed to ditferences in leaf area duration. 
Similar correlations are found with other crops. 
However, crop growth rate is a nonlinear func­
tion ( either plateau or parabolic; Loomis and 
Gerakis 197 5) of leaf area, and leaf are a dura­
tion, as a linear integration of leaf area with 
time, is not the most fruitful approach. A num­
ber of studies (Williams et al. 1965; Shibles 
and Weber 1966) suggest that the time integral 
of percentage Jight interception m ay be a better 
index. Crop growth rates increase as a linear 
function of percentage interception. The slope 
of the relationship and the maximum rate are 
dependent upon canopy architecture, photo­
synthesis capacity of the leaves, and environ­
ment. 

The length of time before full cover is 
achieved after planting can be a major limita­
tion to seasonal productivity. For this reason, 
evergreen foliage canopies of complete cover 
usually attain the highest annual production 
rates. The period of partía! cover can be short-

ened with species that ha ve a high allocation of 
photosynthate to foliage production, or 
through dense plantings (a large number of 
a pica\ meristems per unit area). However, with 
either of these approaches, the allocation to 
storage roots or tubers later in the season may 
be less than would be achieved with a less 
dominant foliage system. 

The production rate also depends upon the 
manner of leaf display relative to the sun. A 
great deal has been Jearned about these prob­
lems through the use of light distribution 
simulation models (Duncan et al. 1967; Allen 
et al. 1974; Lemeur and Blad 1974; Monsi et 
al. 1 97 3). These models are now well de­
veloped. They have been validated in a wide 
range of crops and environments, and can be 
used in predictive simulations for other en­
vironments and situations. Models have been 
particularly useful for analyzing the efficiency 
of ditferent canopy arrangements because 
genetic and mechanical manipulations of leaf 
display generally confound photosynthesis re­
sponses with other aspects of growth and de­
velopment. 

Sorne simulations with the Duncan model 
(Duncan et al. 1967; Duncan 1971) are illus­
trated in Fig. l . With less than full cover, 
plants that display their leaves horizontally in 
regular arrays are found to be more efficient in 
light interception and more rapid in the de­
velopment of full cover than those with in­
clined leaves distributed in clumped or random 
distributions. With a full cover canopy of leaf 
area index of 3, however, productivity is nearly 
independent of leaf angle. With very high 
foliage densities, simulations for a wide range 
oí canopy architectures show clearly that there 
can be a marked increase in primary produc­
tivity using erect rather than moderately in­
clined \eaves in the top of the canopy. In 
tropical regions, with very long growing sea­
sons for the accumulation of leaf density, it 
seems that it might be desirable to attempt to 
achieve erect-leaved communities of very high 
foli age density. The advantage of erect leaves 
derives from distributing a high irradiance over 
a large area of obliquely displayed leaves. This 
reduces the frequency of light saturation of 
leaf photosynthesis, which occurs with high 
irradiance per unit leaf surface. However, with 
the characteristic low, ditfuse irradiances of the 
humid tropics, the advantage is not nearly as 
great as is shown in Fig. 1 for clear skies in the 
temperate zone. 
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The influence of diffuse radiation on produc­
tivity has been considered in detail by Allen 
et al. ( 1974). Our own work with the Duncan 
model is illustrated in Fig. 2. The proportion of 
diffuse radiation (H 0 / H) increases with in­
creasing cloudiness, but this is associated with 
a sharp decline in the fraction of potential 
radiation that reaches the earth's surface 
(H 1 H 0 ) ( Fig. 2, Ieft). At any given radiation 
leve! ( Fig. 2, right) simulated production rates 
increase as the proportion of diffuse radiation 
increases, but this effect is more than offset by 
the reduction in tota l radiation ( connecting 
line) . Although less pronounced with canopies 
of horizontal leaves and with zenith-bright 
skies, the decline was found for all canopies, 
dates, and latitudes. 

There are several other difficulties associated 
with the achievement of dense foliage canopies 
in the tropics. With a specific leaf area of 2-3 
dm2g·1, thc dry matter of a hectare of lea ves 
will range between 375 and 500 kg in blade 
material alone. With a protein content of 15-
18%, 9-15 kg N ha-1 are required for each 
unit of leaf area index. Foliage canopies with 
leaf area índices of 8-10 thus require cycling 

of 70-150 kg N ha· tyr-1 for Ieaf blades alone. 
This is a difficult proposition in most tropical 
environments. Very high annual productivi­
ties have been achieved in tropical regions 
with certain grass species with net production 
in the range of 50-80 or more MT ha· t 
(Loomis and Gerakis 1975). These crops in­
volved the development of extremely dense 
foliage canopies but 1000-2000 kg N ha· t of 
supplemental fertilizer were required. This 
suggests that photosynthetic capability is not 
the principal limitation to yields in the tropics. 

There are a number of reasons, then, that 
point to the use of relatively Iow Ieaf-area in­
dices for optimizing the production of root 
crops in tropical environments. With a Iow Ieaf 
area index, a high proportion of the Ieaf sur­
face will be exposed to irradiances sufficient 
for saturation of leaf photosynthesis. And if 
water and nitrogen are not limiting, the ques­
tion of the photosynthetic capabilities of root 
crops assumes sorne importance. Photosyn­
thetic gas exchange in sugar beet, potato, and 
sweet potato have been studied rather well, but 
very little information has been developed for 
other root crops. In general, these plants all 
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Fig. 2. (Left) Liu and Jordan's (1960) observations of the fraction (H ni H) of daily total radia­
tion on a horizontal surface (H) received as dif}use sky/ight (H0 ) as a function of H I H0 , rhe fractio n 
that daily total radiation was to rhat received outside the atmosphere (H 0 ). The observarions were 
made throughout the year in rhe northern hemisphere; a high proportion o f difjuse radiarían occurs 
with high cloudiness and hence with a /ow proportion of daily total radiation. (Right) Simufations with 
the Duncan model o/ community photosynthesis rafes with varying proportions of difjuse skylight 
(H 0 1 H ) from a uniform overcast sky. Photosynthesis rate increases at each radiar ion leve/ as H 0 1 H 
increases. The points and connecting fin e indica/e the situation for "real" skies using rhe Liu and 
lardan relationship shown to rhe /eft. The reduction in radiation ofjsets the more efjicient distribution 
of radiation wirhin the canopy and photoSYnthesis decreases as cloudiness increases. Solar data for 
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have a Ca pattern of carbon metabolism. They 
can achieve a high quantum efficiency at low 
irradiances, but they are susceptib le to light 
saturation with 0.4-0.5 cal cm-1 min-2 of sun­
light. The ribulose diphosphate carboxylase en­
zyme system of C3 plants has a low affinity for 
C02 a nd assumes a role of an oxygenase 
enzyme under saturating light conditions 
(Schrader 1976). When water and nutrients 
are not limiting, such plants can achieve high 
levels of production, but the levels are still con­
siderably below the records set in similar en­
vironments by tropical grasses and other species 
with a C4 type of metabolism (Loomis and 
Gerakis 1975). C4 species can achieve good 
rates of photosynthesis even when carbon 
dioxide concentration within the leaf is quite 
low, i.e. at high light or when the stomates are 
partially closed. This lends a capability to the 
c4 species for a greater water use efficiency 
(Downes 1969) and many ecologists feel th is 
may be the principal advantage of the c4 
mechanism. 

It seems unlikely that the C4 metabolic 
system can be easily introduced into Ca plants; 
the inheritance is complex and the transfer has 
not been successful even in the few instances 
as in Atriplex where the two systems were 
found in dosel y related species ( Bjorkman 
1976). T he a lternative is to select for higher 
photosynthesis capability within Ca plants. 
Litt le progress has been made in this direction, 
perhaps because enviro nmental factors have 
st rong in fluences on the system and our ap­
proaches have been relatively crude. Recent 
results with Ca tomato (Augustine et al. 1971) 
are much more promising. 

Regardless of the outlook in breeding, it 
would be helpful if we had more information 
on the photosynthetic capabil ities of the root 
crop species. Response functions to tem­
perature, light, and carbon dioxide concentra­
tion and their variation are needed. Good 
quality data on these functions can be obtained 
only through the use of fairly sophisticated gas 
exchange systems. Attempts to approach the 
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problem through growth analyses techniques 
( e.g. calculation of net assimilation rates by 
dividing the crop growth rate by leaf arca in­
dex) have been less satisfactory. NAR values 
are highly sensitive to environment since they 
integrate the daily patterns of temperatu re and 
solar radiation as well as the ma nner and den­
sity of leaf display and the respiratory activities 
of nonfoliage parts. Even when extrapolated 
to O leaf a rca index, NAR values may bear 
little relat ionship to the photosynthetic capa­
bi lity of a particular plan t. Comparisons of 
NAR rates within or between species thus have 
provided little info rmation about the mor­
pho logical and physiological properties of the 
particular photosynthetic system . 

Solar rad iation flux , foliage architecture, and 
photosynthetic capability, thcn, are the princi­
pal factors affecting primary productivity. In 
the field, there are many subtle variations in 
thcsc or other factors that add to the com­
plcxi ty of the situation. The placement of 
plants in rows, the use of species mixtures, de­
liberately or inadvertent ly within the plant 
community, and the phototropic movement of 
leaves are simple examples. Fukai and Loomis 
(1 977) have developed a photosynthesis 
simulator for row-planted crops. The validated 
model predicts a 30 % greater p roduction rate 
when lea ves of a cotton c rop are uniformly dis­
tributed over the la nd rather than being 
clumped in rows. They also found that photo­
tropic movements in cotton, which t end to 
maximize the proportion of leaves displayed 
normally to the sun's rays, can be advantageous 
to production rates with a smallleaf arca index. 
Williams and Ghazali ( 1969) have found 
movements in the upper leavcs of cassava, with 
a tendcncy toward vertical orientation at night 
and a change to moderatc a ngles of display 
during daylight hours. There were differenccs 
among varieties in the average leaf angle, the 
amount of d iurna! changc, and in the occur­
rencc of a m id-da y drooping to a more vertical 
leaf a ngle. The presence of disease or inscct 
damage and the influencc of leaf age may also 
becomc importan! factors in production. All 
of these fcatures are susceptible to study and 
improvement. T he supply of carbon d ioxide, in 
contras!, is much m ore difficult to modify, yet it 
is probably a limiting factor during the m id-da y 
period in most agricultura! systems. Carbon 
dioxide is normally limiting under intense radi­
ation and the extent to which this limitation is 
enhanced by depletion of carbon dioxide from 

the air within the crop is strongly dependen! 
upon the efficicncy of cddy transfcr and hence 
on wind spccd. Again, this will be less of a 
problem in the tropics wit.h low radiation. 

Partitioning 
Thc allocation of ncw assimilates to respira­

tion. growth , a nd storagc is thc second feature 
of the production systcm. Photosynthesis may 
be rather intimately associated with partition­
ing. As we saw earlier, in considering the dy­
namics of foliar development, partitioning to 
leaf growth has a strong control on the increase 
wi th time of communi ty light intcrception and 
hcnce photosynthcsis. In addition, photosyn­
thesis rates may be depressed in sorne cases by 
thc lack of active growth and storage sinks. 
Although final yields are obviously dependen! 
upon photosynthesis, crop physiologists have 
had difficulty in correlating variations in yield 
components with photosynthesis rate. The ex­
tensive work by Wallace et al. ( 1976) with 
bean, as an example, illustratcs the difficult 
morphological qucstions that are encountered. 
We wi ll look briefly at respiration as an aspect 
of partitioning bcfore turning to the morpho­
gcnetic questions that lie at the hcart of the 
partitioning problem. 

Respiration 
Pla n! biologists havc had a tendency to treat 

respiration rather casually and to consider it 
primarily as a wastcful drain on assimilate 
supply. Our undcrstanding and conceptualiza­
tion of respiration in highcr plants has been 
advanced markedly in the past few years. Me­
Cree ( 1971) identified two main components 
of whole-plant respiration : one part associated 
with the cost of maintain ing the existing 
system ; and a second part, which in his formu­
lation is proportional to the photosynthesis 
rate. The second term corresponds to the 
energy cost of biosyntheses and growth. His 
formulation parallels the position that micro­
biologists had reached earlier ( e.g. P irt 1965). 

Smith ( 1949) and other early workers in 
photosynthesis recognized that the amount of 
respiration would be heavily dependen! upon 
the end products of growth and photosynthesis. 
Penning de Vries ( 1974) and Penning de Vries 
ct al. ( 197 4) ha ve formulated this approach 
rather rigorously in a classic study. Using cur­
rent concepts of metabol ic pathways, they cal­
culated the energy and material costs of syn­
thesis from primary photosynthate for each 
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Table 1. Balance sheet for respiration associated with biosynthesis and growth of biomass in young corn 
plants. Amino acid, protein, and organic acid compositions appropriate to corn were used 

(after Penning de Vries et al. 1974). 

Fraction of plant pya Substrate use 

(gbi:maJ 
( g glucose) e ~lucose) Oz consumed COz produced 

Compounds g product g btomass (g) (g) 

Nitrogenous 
Amino acids 0.023 
Protein 0.200 
Nucleic acid 0.077 

0.230 0.620 0.371 0.00208 0.0924 
Carbohydrates 

Sugars 0.085 
Cellulose 0.226 
Hemicellulose 0.226 
Pectin 0.028 

0.565 0.853 0 .662 o 0.0377 

Lipids 0.025 0.351 0 .071 o 0.0355 

Lignin 0.080 0.483 0.166 0.00735 0.0404 

Organic acids 0.050 1.104 0.045 o -0.0023 

Minerals 0.050 o o o o 
Respiration for 

additional A TP and 
NADH2 production, 
ion uptake, and 
glucose transport o 0.223 0.18000 0.3280 

Total 1.00 1.538 0.189 0.530 

apy is the "product value", g product achieved per g glucose consumed starting with N03-N and so.-s. but 
unbalanced for total A TP and NADPH2 needs that are balanced at the bottom of the table for the whole plant. 
Tbe net product value, 1.00 g biomass / 1.538 g glucose = 0.650. 

type of primary plant product. For example, 
starting with glucose, they totaled the number 
of ATP and NADH2 molecules required in a 
least-cost pathway for the synthesis of each 
amino acid and for the assemblage of these into 
typical proteins. The same process was fol­
lowed with carbohydrates such as cellulose, 
lipids, nucleic acids, and other products. Asso­
ciated with these biosyntheses were identifiable 
but less certainly determined costs associated 
with transport, gradient maintenance, and turn­
over of proteins and nucleic acids. Detailed 
tables giving product yields (g product/ g glu­
cose) for all of the important constituents of 
higher plants were presented. Starting with ni­
trogen and sulfur in reduced or oxidized forms, 
a summary of their calculations for the bio­
chemical composition of typical corn plant 
material is shown in Table l. Two key points 
are evident. First, the respiration cost for the 
synthesis of lipids and proteins is very high in 

comparison to that for carbohydrate fractions; 
plants with a high proportion of carbohydrates 
in their biomass will ha ve a greater weight yield 
per unit of photosynthate. Second, even 
though corn plant material has a relatively Iow 
protein and Iipid content, about 25 % of the 
original photosynthate supply is consumed by 
respiration associated with syntheses (growth). 
This percentage agrees well with McCree's 
estimates of the growth-associated respiratíon 
of clover (McCree 1971) and sorghum (Me­
Cree 197 6) plants. 

Respiration budgets of this sort apply only 
on a whole plant basis. One of the la rgest en­
ergy costs, for example, is the reduction of 
nitrate. In many plants, this is accomplished 
large ly in the lea ves with sorne direct participa­
tion of photosynthetic energy sources. The 
growth respiration for nitrogen metabolism of 
a storage organ on the other hand involves 
only the cost of assembling these amino acid 
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Fig. 3. The time course of two types of partitioning observed in root and tuber crops. (Left) 
Continuous partitioning. (Right) Phasic partitioning. 

units into proteins. If the protein and Jipid 
levels of storage organs are Iow, the growth 
respiration will also be relatively Iow. Thc 
maintenance respiration of storage organs also 
can be very low if a high proportion of the dry 
matter is carbohydrate and is compartmen­
talized in starch grains. 

Source-Sink Relations 
The other aspects of the partitioning process 

seem to centre principally on the relative ac­
tivity of photosynthate sínks (Evans I 975). 
Agricultura! crops usually are grown under con­
ditions that result in fairly intense interplant 
competition and if nutrients and water are not 
limiting, source activity is usually the most 
limiting part of the system. Limitations due to 
sink activity and transport capacity, howcver, 
can be demonstrated. Through manipulations 
such as the removal of developing fruits or 
girdling (Humphries 1967; N ea les and Incoll 
1968) , carbohydrates accumulate in leaf and 
stcm tissues and photosynthesis is usually de­
pressed. The negative feedback on photosyn­
thesis might occur at any of severa! steps in 
the process. A direct repression of carboxylase 
enzymes has not yet been demonstrated and 
the mechanisms for assimilate control of 
photosynthesis remain unresolved (Thorne and 
Koller 1974) . However, as Evans ( 1975) con­
eludes, source-sink and transport systems are 
relatively well balanced in most crop plants to 
the side of source Iimitations. 

As illustrated in Fig. 3, there are two general 
patterns of partitioning during the growth and 
development of plants with underground 

storage organs. In one type, characterízed by 
the sugar beet, storage organ growth begins 
early in the seedling stage and continues 
throughout the vegetative period of the plant. 
There is an indeterminate competition between 
shoot growth (particularly of new leaves) and 
storage organ growth. Shoot growth retains a 
priority for assimilate supply even though the 
relative magnitude of top and root may change 
as root size increases. A balance between these 
two activities is maintained throughout the 
growing season. In the other type of partition­
ing, early vegetative growth is characterized by 
shoot and fibrous root development. Storage 
organ growth begins Jater, is usually more 
determinate in nature, and often requires an 
inductive environment. Examples of this type 
of growth include the potato and cassava, sorne 
varieties of which begin tuberization after 
being exposed to short days (Bolhuis 1966; 
Gregory 1956; Okígbo 1971) . The switch to 
storage organ growth may be quite dramatic 
with a subsequent cessation and/ or even nega­
tíve growth of shoot tissues. 

Balanced Partitioning: The Sugar Beet 
The balancíng mechanisms between shoot 

and storage organ growth in plants such as the 
sugar beet may be based on severa! functional 
actívíties. In shading or crowding experiments 
we can demonstrate a sequence of priorities in 
the utilization of a Iimited supply of photo­
synthate. The growth of new leaves clearly has 
priority over fibrous roots and both of these 
have priority over storage root growth. We do 
not understand how this priority series is estab-
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lished and ma inta ined. The relationship be­
tween fibrous root and storage root growth is 
particularly interesting since transport to 
fibrous roots in the sugar beet occurs past the 
actively growing vascular cambia of the storage 
root. One direction for research is to examine 
the controls over phloem loading and unload­
ing (Wardlaw 1974) . 

In addition to the top-down priority in 
photosynthate distribution, there seems to be a 
reverse order of inftuences for deficiencies of 
nutrients and water acquired by the roots. 
Stresses for these factors are usually more Jimit­
ing to shoot growth tha n for the growth of 
fibrous roots and underground storage organs. 
Brouwer and de Wit ( 1969) ha ve formulated 
the top-down photosynthate priority and the 
root-up priority for water into a "functional 
balance" hypothesis to explain the maintenance 
of root/shoot ratios in plants. Finally, correl­
ative controls provided by plant hormones a lso 
play a key part in the allocat ion process. The 
role of auxins in apical dominance in shoots 
provides a classic example (Phillips 1975). 
Fluxes of abscisic acid and cytokin in from 
roots also serve to regulate shoot growth (Leo­
pold and Kriedemann 1975). Correlative con­
trols over the activity of underground organs 
will be considered later. U nfortunately for our 
understa nding of whole-plant processes, there 
has been very little study of the interactions be­
tween substrate supply a nd hormones in the 
control of growth and development . 

Our own research on this problem has been 

greatly aided by the development of a dynamic 
simulation model of the sugar beet production 
system (Fick et a l. 1973, 1975; Hunt 1974). 
The model is based on tissue and organ leve! 
physiology and attempts to íntegrate the rela­
ti ve activity of sources and sinks into a be­
havior of whole plants and crops. The structure 
of the model and its behavior then represen! a 
hypothesis for the controls over partitioning 
in sugar beet. The simulations illustrate clearly 
a transition from foliage dominated growth to 
storage root dominated growth ( Fig. 4) . The 
initia l size of the future storage o rgan ( the 
hypocotyl and primary root axis) is too small 
at emergence, even with maximal activity of 
the cambia, which develop very early in the 
seedling stage (Winter 1954; Milford 1973) , to 
use a significan! proportion of the available 
photosynthate. In the model, Ieaf growth thus 
wins in the early competition for the limited 
supply of photosynthate. A s a result, photosyn­
thate supply expands rapidly, more rapidly in 
fact than the capacity for root growth. This 
additional photosynthate allows successive 
Ieaves to reach a Iarger and larger size (Fig. 5, 
middle ) . T he potential photosynthesis per 
plant is determined by density, which estab­
li shes the area of the sunlight available per 
pla nt. As the tops expand to fully occupy this 
area, the photosynthesis rate per plant comes 
to a maximum value. With a single apical 
meristem per plant , the capacity of the leaf 
sink has a ceiling determined by the (leaf in­
itiation rate) X (growth capacity of the ex-
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Fig. 5. Simulations with SUBGOL of the growth in weight of successively numbered leaves of 
sugar beet plants. /nputs are the same as in Fig. 4. (Left) Leaf growth in competition with chard root. 
(Middle) Leaf growth in competition with sugar beet root. (Right) Lea/ growth in competition with 
mangel root. 

panding leaves) X (the number of plants per 
unit area) (Loomis et al. 1976). During this 
period, the storage root has continued to ex­
pand and increase in its capacity for growth, 
which eventually exceeds not only tbe growth 
capacity of the shoot but also of the photosyn­
thate supply. The result is the transition from 
shoot-dominated growth to root-dominated 
growth illustrated in Fig. 4. 

It is significant that the shoot continues to be 
an effective competitor for the limited supplies 
of photosynthate. The explanation for this 
seems to be that the leaf initiation rate is rela­
tively unaffected by compctition for substrate 
and that the developing Jeaves maíntaín a 
priority for assimilates, including tbeír own, 
during thcir initial period of growth. The final 
mature sizc of the later !caves is smaller than 
those that mature earlier without significant 
competition from the storage root (Fig. 5). 

The sensitivity of the partitioning system is 
revealed by altering the "genetic" opinions in­
troduced into the modcl. For example, we can 
vary the "possible growth rate" of the storage 
organ. In real plants, this might correspond to 
changes in the number of cambia in the storage 
organ, or in their cell division rates, or in thc 
capacity to transport assimi lates from thc 
shoot. By reducing this possible growth rate by 
a factor of 0.25, we markedly delay the transi­
tion to storage root-dominated growth and also 

reduce the degrce of root dominance ( Fíg. 4). 
Also shown in Fig. 4 is the result of doubling 
possible root growth, corresponding to a ge­
netic opinion for the mangel. The results cor­
respond to the differences observed in real 
plants between sugar beet and Swiss chard, and 
mangel, which are a ll members of the Beta 
vulgaris species. In the simulation, the reduced 
capacity for root growth allows the assimilates 
to be used in leaf growth and development. 
Figure 5 illustrates simulations of leaf growth 
for beet, chard, and mangel and shows clearly 
thc kinds of leaf-síze differences observed with 
real plants. 

We do not know whether real plants control 
these aspects of partitioning through "possible 
growth rates" of roots, or by analogous controls 
o ver shoot growth (Loomis et al. 1976) al­
though we have sorne confirmation for root 
control of partitioning in Beta species through 
reciproca! grafts of sugar beet and chard. 
Chard plants normally develop very large 
!caves, but when graftcd to a sugar beet stock 
with a very strong capacity for storage organ 
growth, the resulting chard !caves are smaller, 
particularly in their pctiole weights (Fig. 6). 
The reverse is true when beet shoots, which 
normally have smaller leaves, are grafted to 
chard stock. The chard root is unable to effec­
tively use a large proportion of the assimilate 
and beet leaf growth is greater than when the 
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Fig. 6. Dry weights of u nderground sto rage organs and leaves, separated into blades ond petio/es, 
f rom grajted plants o/ sugor beet ond chord. The grofts were made in the seedling stage with apica/ 
buds as scions. The /eaves developed in competition with active thickening of the storage roots. S B I SB, 
C / SB, SBIC, and C / C indicare scion/ stock soun·es as sugar beet (SB) or chard (C). With S B/ C, a very 
sma/1 amount o f hypocotyltissue that was transferr ed with che apica/ bud developed sign ificanc cambial 
activity, and the proportions oj those roots derived f rom SB and C are indicated. 

beet leaves compete with the strong sugar beet 
storage root. 

The chard-beet grafts indicate that much of 
the control over the capacity for storage root 
growth is an inherent characteristic of the root 
genotype. Similar conclusions can be d rawn 
from grafting experiments with other root and 
tuber c rops includi ng sweet potato (Wilson 
1967; H ozyo et al. 1971 ; and Hozyo and Park 
197 1) , patato ( Bunemann and G rassia 1973 ) , 
cassava ( Mogilner et al. 1969; de Bruijn and 
Dharmaputra 1974) and earlier work with 
sugar beet by Thorne and Evans ( 1964 ). 

These experiments and simulations reveal 
the main features of the chard/ beet, root/ top 
partitioning system and lend support to the 
thesis that assimilate supply plays a ro le in 
control. Two direct ions for further research are 

- indicated. One is to ascertai n whether there are 
basic differences in cell division and expansion 
between chard and sugar beet storage roots. 
The chard plant actually has a greater number 

of cambia layers, so its lower capabi lity for 
growth must rest with either a lower rate of cell 
d ivision/ enlargement when unrestrained by 
substra te, or with a lower priority in acquisi­
t ion of photosynthates from the shoot . Again, 
it is unclear whether such a lower priority could 
also result from a highcr growth ca pabi lity in 
shoots or sorne limitation in phloem transport. 
Chard plants actua lly have a lower rate of leaf 
initiation, so the principal difference, if it rests 
in shoot growth potential, has to fall to the 
number of cells and thei r final size within the 
developing leaves. Nutritiona l control of par­
titioning could also be exercised in a number of 
other ways. We should not overlook, for ex­
ample, the possibility that there a re ma rked 
differences in these plants in the capacity or 
mechanisms for phloem loading and unloading 
( Wardlaw 1974). This would d irectly affect, in 
a nutritional sense, the priorit ies of shoots and 
roots. 

The second area of research involves in-
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vestigat ions of the correlative inftuences over 
root and shoot activity. In experiments in which 
we have used the radish plant ( Rhaphanus 
sativus L.) as a model of vascular cambia) 
activity in underground storage organs, we dis­
covered that auxin must be present for the 
initiation of a vascular cambium, and that cell 
division is sus tained only if a cytokinin is also 
prescnt (Loomis and Torrcy 1964). Peterson 
( 1973) has confirmed and extended these find­
ings for the turnip. In steril c culture, the 
thickening of excised radish roots is independ­
ent of thc presence or absence of the root tip 
suggesting that the supply of cytokinins f rom 
this source is not a factor in vascular cambium 
activity. This conclusion is rcinforced by the 
demonstration of polar transport withín radish 
hypocotyls and root sections in which auxin 
and cytokinin both are prefcrentia lly trans­
ported from the shoot towards the root end of 
these tissucs (Radin and Loomis 1974). Thick­
ening fails to occur when the hormones are 
supplied from the root tip end of a root or 
hypocotyl segment. 

We may find that hormones do not serve as 
quantitative control agents over the degree of 
partitioning. Instead, they may act as switches 
to initiate events a nd subscqucnt variations in 
cambial activity may be more strongly deter­
mined by nutrition tha n by the hormonal 
milieu. Lawrence and Barker's ( 1963) study 
on the role of the carbon sourcc for the tuberi­
zation of potato supports this view. 

Phasic Partitioning 

Thc pa rtitioning patterns of many root and 
tuber crops may be more determínate than in 
the sugar beet. The same aspects that we dis­
cussed for balanced partitioning ( e.g. cell 
division a nd nutritional control) also a ppl y 
herc; thc principa l difference lies with initiation 
of sto ragc organ growth. The early growth 
period is similarly dominated by shoot and fi­
brous root growth, but it is without competition 
from storage organs and may be of extended 
durat ion. Storage o rgan growth is initiatcd later 
in the lifc cycle, frequently in response to an 
environmental signal, and may completely 
domínate subsequent growth. In many re­
spects, the situation is analogous to the deter­
mínate, phasic developmcnt of cereal grains. 
However, it is sometimes diffic ult to discern 
these ditferences in practica ( situat ions and the 
point may have utility more for ordering our 
thinking about physiological controls and plant 

brceding than for crop management. One rea­
son is that a species may show phasic develop­
ment in one environment where the inductive 
stimulus is seasona lly prcscnt, but not in an­
othc r, continuously inductive environment. 

Photopcriodic induction of storage organ 
growth serves as one cxamplc of phasic con­
trols . Beginning with thc work of Garner and 
Allard ( 1923) we now know that flesh y root 
or tuber devclopmcnt in sorne varieties of 
potato (S. tuberosum L.), runner bean (Pha­
seolus coccineus L.) , yam (Dioscorea afata L.), 
and Jcrusalem artichoke (Helian thus tuberosus 
L.) , Dahlia, Begonia, Ullucus tuberosus, Oxalis 
tuberosa, radish, cassava, and other species re­
quires or is strongly stimulated by photoperiods 
~horter than !0-J 2 hours ( long nights). It is 
intcresting that both root and stem structures 
rcspond. Considerable gcnetic variation exists 
within specics. Sorne radish varieties, for ex­
ample, seem to rcquire short days for thicken­
ing; others are neutral or accelerated by long 
days. 

N itsch (1971 ) a nd Leopold and Kriede­
mann ( 1 97 5) ha ve reviewed the present status 
of thc physiological controls of short-day in­
duction. The key findings include Nitsch's 
( 1965) observat ion that tuber formation can 
be prcvcnted in Jerusalem artichoke by a red 
light break during the dark period. With t.he 
same species, Hamner and Long (1939) found 
that thc photoperiodic stimulus was perceived 
in lea ves and that the inllucnce was transmitted 
through grafts to noninduced plants (see also 
Gregory 1956). Most intriguing, lea ves of sun­
llower (H. annuus L.) gcnerated a short-day 
stimulus that induced tuberization in the arti­
chokc ( H . tuberosus L.) (Nitsch 1965). In­
duction may be quantitative; sorne plants are 
fully induced by a few photocycles but 'Sneezy' 
dah lia gave a linear increase in tuberization 
over the range of 4-28 inductive days (Moser 
and Hcss 1968). 

H ormonal control of tuberization in photo­
pcriodic susceptible species may be complex. 
Palmer and Smith ( 1970) initiated tuberiza­
tion in isolated potato stolons through an 
application of cytokinin . Extensive starch ac­
cumulation was the first event in the initiation 
process, an event that is inhibited by gibberel­
lins. It is noteworthy that gibberellins also 
inhibit tuberization. They are present in elon­
gating tips but decline rapidly with inductive 
t reatment ( Railton and Wareing 1973 ). Simi­
lar results have been found with Dahlia ( Biran 
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et al. 197 4) where abscisic a cid promotes root 
tuberization in plants on noninductive long 
days but gibberellin inhibits it. Forsline and 
Langille (1975) found that inducing condi­
tions caused a very marked increase in cy­
tokinin activity in potato shoots after two in­
ductive cycles; the active cytokinins reached 
maximum values in below-ground tissues after 
6 days and tubers were initiated after 8-1 O 
days. It may be that transport of a cytokinin 
from shoot to root, parallel to that hypothe­
sized for radish ( Loomis and Torrey 1964) , 
serves as the photoperiodic stimulus. 

One other feature of phasic partitioning de­
serves comment. Once tuberization has begun, 
the competitive effects on shoot growth may 
be quite dramatic, even to the extent that shoot 
growth may be completely suppressed. Again, 
we find both nutritional and hormonal theories 
proposed for control. In potato, the haulm 
actually undergoes negative growth as ma­
terials are redistributed to the developing 
tubers (Moorby and Milthorpe 1975) . Vege­
tative "cutout" also occurs in other systems, 
e.g. cotton, an indeterminate flowering plant, 
where apica l growth ceases during heavy fruit 
development. Of the many relevant observa­
tions, it may be noteworthy that shoot growth 
inhibition occurred in sorne experiments with 
Dah/ia when tuberization was promoted by 
short days or by foliar sprays of abscisic acid 
u~der noninductive long days (Halevy and 
B1ran 1975). It remains t o be seen whether 
storage roots and tubers release growth in­
hibitors that serve in the mobi lization of re­
sources from the rest of the plant. 

It appears that photoperiodic control (and 
similarly temperature controls, which we h ave 
not discussed) may provide a functional 
balancing of shoot a nd underground organ 
growth, over time, for species in which tuberí­
zation, once initiated, is an over-dominant pro­
cess. The contro l exists in many tropical root 
and tuber crops. Threshold daylengths are 
rather precise, usually in the ra nge of 11-12 
hours and the phenomenon may be important 
to the seasonal behaviour of sorne species with­
in the tropics. Other species might carry the 
trait but exist always in the induced state in 
their native latitudes; tuberization would be 
continuous in the tropics ( and hence balanced 
by other mechanisms as with the sugar beet) 
but highly seasonal at higher latitudes. Ca~ 
sava's narrow geographical range near the 
equator is probably related to photoperiodic 

control (Bolhuis 1966; Jennings 1970). The 
trait sh~uld be considered in grafting studies 
~ e.g. Wllson 1967) as well as in plant breed­
mg and crop management. 

Models in Root Crop Productivity 
The production systems of crop plants in­

volve a ve ry large number of plastic elements. 
1t is increasingly necessary when attempting to 
develop integrative explanations or predictions 
about systems to turn to simulation models as 
an aid for deating with the complexity. We 
~ave s.een that our present understanding of 
hght mterception, pho tosynthesis, and the 
partitioning aspects of plant growth have been 
greatly assisted through the use of such models. 
Many of these involve adaptive controls and 
thus respond to the cha nging naturc of the 
plants and their environments. 

A feature missing from such models has 
been an ability to simulate the hormonal regu­
Iation of adaptation and development. In 
models such as the sugar beet growth simu­
lator, thcse concepts are simply entered as 
"genetic" rules. Radin ( 1970) outlined a hor­
mona l control model for radish root develop­
ment, including secondary growth and Wilson 
( 1975) in an eloquent essay has gone further 
and outlined a scheme for modeling the inter­
action of ho rmonal and nutritional controls. 
This may be one of the tools needed, plus a 
great dea l more information on physiology and 
morphology, before we can provide plant 
breeders a nd production experts with an inte­
grated unde rstanding of root and tuber crops. 

The assistance of M. B. Carter, W. A. Williams, 
E. Ng, and W. F. Hunt in the simulations for 
F ig. 1, 2, 4, and 5 is appreciated. Supported in 
part by NSF Grants GB 14581 and 18541. 
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Total Dry Matter Production, Tuber Yield, and Yield 
Components of Six Local Cassava Cultivars in Trinidad 

E. B. Holmes and L. A. Wilson1 

Dry matter production, quantitative shoot morpho1ogy, dry matter distribution, tuber 
yield, and yield components of six representative cassava cultivars in Trinidad are 
presented. The results are discussed in relation to tbe yie1d performance of elite cassava 
cultivars and the yield potential of the cassava species. A cassava type on which improve­
ment of the yield potential of the species migbt be based is identified. 

Cassava production in the Commonwealth 
Caribbean is estimated at 26 x 103 t with 
an average productivity of 13.3 t/ ha (7.8 
tons/ ha if the small but highly productive cas­
sava in the Barbados is excluded). This leve) of 
cassava productivity ís low compared with 
that in Brazil (14.6 t/ha), and cassava pro­
duction represents only approximately 10% of 
the yam production of the region. 

Cassava is grown in ecosystems ranging 
from the dry plains of Jamaica (annual rainfall 
130 cm) lo the very wet coastal plains of 
Guyana (annual rainfall 500 cm). However, 
despite the Iow productivity of Caribbean cas­
sava, there have been reports of the existence 
of varieties with high yield potential ( 60 t/ 
ha under experimental conditions). Similar 
productivity levels have been reported for elite 
cultivars in the OA T cassava collection and a 
potential productivity levei of 90 tons/ ha/ year 
has been predicted for the species by Cock 
(1974). 

To increase Caribbean cassava production, 
two objectives must be achieved : ( 1 ) high 
productivity cultivars suitable for growth under 
the wide range of Caribbean ecosystems must 

1 Department of Crop Science, Universily of 
tbe West lndies, St Augustine, Trinidad. 

either be identified or synthesized; and (2) 
cultural practices calculated to optímize yield 
of high performance cultivars must be de­
velopcd. 

In pursuance of these objectives, total dry 
matter yield, tuber yield, and other components 
of selected cultivars have been analyzed to 
study crop performance in cassava cult ivars 
with contrasting growth habits. This was done 
prior to introduction of exotic germ plasm and 
regional testing of selected high performance 
types in different Caribbean ecosystems. Pre­
liminary data on six representative cultivars a re 
presented to place these cultivars in the profile 
of tuber yield productivity levels. 

Materials and Methods 
Six cultivars (Manihot esculenta Crantz) 

were grown on 30-cm-high ridges that were 
90 cm apart. Stem cuttings ( 18 cm, 85 g) were 
planted 90 cm apart at an angle of 45 • along 
the crest of the ridge and were each treated 
wíth 140 g of a standard 12 :12 :7 NPK fertil­
izer one month after planting. The experiment 
was established as a randomized split plot de­
sign with three replicates, as an out of season 
crop planted in the dry season on 10 January 
1974. One week after shoot emergence selected 
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Table l . Total dry matter production and quantitative stem morphology of six cassava cultivars.a 

Dry matter production 

S te m Branch Stem Node No. 
g/plant t /ha D. wt. No. D.wt. 1 branch 

g/plant /week t/ha /week /plant /plant /branch /plant 

Redstick 3189 69.3 38.3b 0.83 1522 29.7 51.2 40.1 
Whitestick II 3036 66.0 36.4 0.79 1553 24.5 63.4 45.1 
Whitestick 1 2997 65.0 36.0 0.78 1698 19.2 88.4 58.8 
Maracas Blackstick 1885 41.0 22.6 0.49 645 16.7 38.6 36.3 
Around the World 1664 36.2 20.0 0.43 961 34.3 28.0 35.0 
Pie Pip 1424 31.0 17.1 0.37 638 30.5 20.9 32.0 
Mean 2366 51.4 28.4 0.62 ll70 25.8 45.3 40.0 
S.E. 477.7 242.3 6.8 6.0 

•Predicted dry matter production rates reported by or calculated from different authors: 46 tons /ha /year 
(Cock 1974) : 73 tons / ha , y~ar calcu1ated from de Witt (1967); and 130 tons /ha fyear calculated from Loomis and 
Williams (1963). 

b43 tons /ha fyear. 

plants in each replicate were pruned to one 
shoot and the single shoot condition was main­
tained during crop growth. After 46 weeks of 
growth, the crop ( 15 plants pcr cultivar) was 
harvested and total dry matter, dry matter 
distribution, paramctcrs of shoot morphology, 
tuber yields, and the componcnts of yield, 
tuber number, and mean tuber weight were 
recordcd and evaluated by analysis of variance 
and by correlation and regression analysis. 

Results and Discussion 

Total Dry Matter Production 
The six cassava cultivars studied could be 

classified into high (3000 g/ plant) and low 
(1400-1900 g/ plant) dry matter producing 
types (Table 1). The average rate of dry 
matter production of the former types ( 42 
tons/ ha/ year) was similar to the production 
rate predicted by Cock (1974) for cassava, was 
58 % of the rate (73 tlha/ year) predicted 
by de Wit (1967) for Solanum potatoes, but 
only 32% of the 130 t/ ha/ year production 
leve! based on calculations of maximum photo­
synthet ic productivity by Loomis and Williams 
( 1963) for maize. 

Quantitative Shoot Morphology 
Numbers of Jeaves produced over the crop 

growth period, as assessed by total node num­
bers, were high (975-1231) in al! cultivars 
except Maracas Blackstick ( 607). Percentage 
leaf fall was similar (52.5-59.9 % ) in all culti­
vars leading to proportionality between total 

leaf number and the number of leaves (289-
585) retained at final harvest. Cultivars could, 
however, be separated into three groups on the 
basis of leaf arca. Thus, there were high ( Red­
stick and Whitestick JI, 7.1-7.9 dm2), interme­
diate (Whitestick 1 and Pie Pip, 4.5-5 .3 dm2), 

and low (Maracas Blackstick and Around the 
World. 2.6-2. 7 dm ~) leaf a rea cult ivars. Low 
leaf arcas were due to low leaf number 
(289) and low average a rea leaf ( 46.2 cm2) in 
Maracas Blackstick and Around the World, 
respectively. The high dry matter producing 
typcs Redstick, Whitestick 1 and II as well 
as the low dry matter type Maracas Black­
stick were broad leaf cultivars with leaves con­
taining 3-9 elliptically shaped Ieaf lobes with 
length/ breadth ratios of 3-4. Around the 
World and Pie Pip were fine leaf cultivars with 
leaf lobes having length/ breadth ratios of 12-
15. 

There were no obvious relationships between 
stem length, branch length, and internode 
length and total dry matter production. The 
cult ivar separation into three high (1522-1698 
g/ plant) and three low ( 645-961 g/ plant) 
yielding types on the basis of stem dry weight 
(Table 1) was similar to the tota l dry matter 
separation, indicating a measure of propor­
tionality between stem dry weight and total dry 
weight. However, both in the high and low 
yiclding groups, there were cultivars with 
lowcr branch numbers per plant (Whitestick 1, 
19.2 and Maracas Blackstick, 16.7) than the 
remaining cultivars ( 24.5-34.3), Ieading to 
heavier stem dry weight per branch in these 
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Table 2. Distribution of dry matter in six cassava cultivars. 

Dry matter distribution <% TDM) 

Stem Petiole 

Redstick 47.0 1.79 
Whitestick 11 48.3 2.19 
Whitestick 1 56.1 1.88 
Maracas Blackstick 34.7 1.62 
Around the World 57.6 1.46 
Pie Pip 44.4 1.48 
Mean 48.1 1.70 

cultivars (88.4 and 38.6, respectively) when 
compared with the other two in the yield 
group. Whitestick 1 also had higher node oum­
ber per branch (58.8) than the remaining cul­
tivars ( 32.0-45.1). Apart from Whitestick 1, 
the relatively small differences between values 
for nodc numbers per branch in the different 
cultivars (Table 1 ) suggested that Ieaf num­
ber could be increased in thc cultivars studied 
by incrcasing branch numbcr, especially as per­
centage leaf fa ll values were also constant. 

lnterrelationships 

There were s ignificant correlation coeffi­
cients between node number (r = 0.64) , leaf 
number (r = 0.56) , leaf area (r = 0.69) , and 
total dry weight over all cultivars. For in­
dividual cultivars, correlation coefficients be­
tween node number and total dry weight were 
high ( r = 0.84-0.90) in all cultivars except 
Whitestick 1 and 11 (r = 0.59 and 0.69, respec­
tively) . The Ieaf number correlation coeffi­
cients were a lso high in all cultivars except in 
Whitestick TI and for leaf a rea, correlation co­
efficients were significant for all cultivars ex­
cept Pie Pip. T otal number of Ieaves produced 
was importan! for total dry matter production. 
In individual cultivars, Ieaf number is directly 
proportional to leaf a rea, and dry matter pro­
duction is a function of photosynthesis of the 
Ieaf surface. Over the six cultivars, the Iow dry 
matter production of the fine leaf varieties ( e.g. 
Around the World) despite their high leaf pro­
duction may be explained by low leaf arca 
( and hence Jow total photosynthesis) . How­
ever, flowering, profuse branching, and a high 
percentage of recently produced young leaves 
at harvest may also be responsible for the low 
dry matter production of Pie Pip. 

Planting 
Lamina Tuber Thick root stick 

8.80 34.3 0.70 7.23 
8.50 35.6 0.67 4.68 
6.88 29.4 0.84 4.85 
5.67 52.5 0.61 4.79 
8.36 25.0 1.10 6.50 
9.80 36.4 1.10 6.78 
8.00 35.6 0.84 5.80 

Distribution of Dry Matter 

The distribution of dry matter between the 
tubers and other organs of the plants was also 
calculated. Dry matter dist ribution to tubers 
(harvest index) was low (25.0- 36.4% ) in all 
cultivars except Maracas Blackstick (52.5%) 
and therc was correspondingly high dry matter 
dist ribution to stems in these cultivars ( 44.4-
57.6% ) and low distribution (34.7%) in 
Maracas Blackstick. H owever, even in this cul­
tivar, harvest index was relatively low com­
pared with values of up to 70% reported for 
the species (CIAT 1974). 

On the basis of dry matter production and 
distribution patterns, the six cultivars studied 
might be classified as follows: ( 1 ) high dry 
mattcr production/ low harvest index types ­
Redstick, Whitestick 1, and Whitestick 11; (2) 
low dry matter production/ high harvest index 
type- Maracas Blackstick; and (3) low dry 
matter production/ low harvest index types -
Around the World, and Pie Pip. 

Cultivar Yields and Yield Components 

Tuber yields (Table 2) were low compared 
w ith those of elite cassava cultivars (CIAT 
1974). However, four of the six cultivars stud­
ied were comparatively h igh yielding (29.5-
31.9 t/ ha) and the remaining two were low 
yielding (14.3 and 16.6 tlha). The _hi~~er 
yielding cultivars had lower yield vanab1hty 
(C.V. 34-39% ) than the low yielding cultivars 
(41-69 % ) confirming carlier work by H aynes 
and Wholey ( 1971 ) . Lowe and Wilson 
( J975b) , and Wilson ( 1975). which suggested 
that high yield variabi lity was one of the con­
tributing factors to low yield in tropical root 
crops. Thus. if the highcst yield per plan! re­
corded ( 4183 g) were consistently maintained 
over the experiment the yield productivity of 
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Table 3. Tuber yield of six cassava cultivars. 

Tuber yield 

tfha g/plant CV(%) 

Redstick 31.2 2600 39 
Whitestick 11 31.9 2660 34 
Whitestick 1 27.9 2327 38 
Maracas Blackstick 29.5 2467 36 
Around the World 14.3 1191 69 
Pie Pip 16.6 1383 41 
Mean 25.2 2105 37 

the crop would have been 57.8 t/ha or 65 
t/ ha/ year. 

Tuber numbers per plant (3.4-7.1) (Table 
3) were very Iow compared with data previ­
ously recorded for other cassava varieties ( 10-
12 tubers per plant) . Mean tuber weights 
(272-591 g/ plant) were howeve r greater than 
those recorded by Enyi ( 1972) (253-297) and 
Williams ( 1974) (229-381). lt appears that 
low tuber numbcr was the more important 
contributing component to the low tuber yield 
in the cassava cultivars studied. 

Variabilities in yield components were 
greater for mean tuber weight than for tuber 
number, and mean tuber weight was the more 
important immediate source of yield variation 
in all cultivars except Maracas Blackstick. 
Variabilities in each component contributed 
significantly and independently to yield vari­
ability and together accounted for 76--97 % of 
the total variation in tuber yield. 

lf it is assumed that the major source of 
yield variation is the competition pressure that 
develops in the crop community in the course 
of the crop growth cycle, and that yield vari­
ability leads to reduced yield. then individual 
mean tuber weight values reftccted pressure 
from this source to a greater extent than tuber 
number. It is concluded, therefore, that des­
pite the low tuber number values recorded for 
the varietíes studied. tuber number varíability 
did not originate principally from competition 
pressure in the crop com munity. 1t is however 
difficult to determine from rcsults of the cur­
rent experiments whether low tuber number 
was a genetic characteristic of the cultivars or 
was a reftection of the cnvironment in which 
the crop was cultivated, e.g. dry conditions 
during early growth. Nevertheless, the impar­
lance of mean tuber weight as a majar source 
of yield variability is in agreement with data 
previously published for sweet patato and yam. 

Tuber No. Mean tuber wt. 

No./plant CV(%) g/plant CV(%) 

7.1 25 409 55 
4.8 25 591 45 
7.1 39 340 41 
6.1 39 430 37 
4.2 46 272 56 
3.4 41 452 44 
5.4 33 416 50 

Williams (1974 ) also concluded that tuber 
size was the majar component of yield in 
cassava. 

Interrelationships between Yield 
Components and Yield 

There were significan! negative correlation 
coefficients between tuber number and mean 
tuber weight in the two high yielding cultivars 
(Redstick. Whitestick Il ) and also in the low 
yielding c ultivar, Pie Pip, at the p = 5% leve!. 
This leve\ of yield component compensation 
was less than that recorded for sweet patato 
by Lowe and Wilson ( 1975a) and the regres­
sions of tuber number on mean tuber weight 
accounted for 25-30% of the yield variation. 
However. the significan! negative regression of 
tuber number on mean tuber weight for the four 
high yielding cultivars suggested that mean 
tuber weight/tuber number ratios might be 
cultivar characteristics. Since no such correla­
tion could be demonstrated for the two low 
yielding cultivars, it is suggested either that the 
high yielding cultivars might be representatives 
of a distinct line with yield component com­
pensation at the genetic leve!, or that there was 
not sufficient competition pressure in the popu­
lation of the low yielding cultivars to develop 
strong compensatory re lationships between the 
components of tuber yield. Yield co mponent 
compensation partially overcame the effects of 
low tuber number on yield in Whitestick II and 
Pie Pip within the high and low yield leve! 
groups. respectively. Similar compcnsatory re­
lationships did not result in raising the yield 
leve! of the high yielding cultivars to that re­
corded in elite representatives of the species 
(60 t/ ha). 

Significan! correlation coefficients between 
either yield component and yield suggested 
that cultivars might be classified according to 
the contribution of yield components to yield 
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as follows: (1) tuber number/ tuber weight 
typcs in which both components were signifi­
cantly correlated with yield - Around 1he 
World; (2) tuber weight types in which tuber 
weight was significantly correlated with yield 
- Whitest ick l. Whitestick 11. Redstick, and 
Pie Pip; and (3) tubcr number type where 
tuber number was significantly correlated with 
yield - Maracas Blackstick. 

Leaf Production 

The significant correlations demonstrated 
between parameters of leaf production - node 
number, leaf number, and leaf arca- and 
total dry weight were also established between 
these parameters and tuber yield, indicating that 
leaf production and leaf abscission were im­
portant determinants both of total dry matter 
production and tuber yield. Correlation co­
efficients were, however, higher with total dry 
matter than with tuber yield. Similar correla­
tions between leaf number, node number, and 
cassava yicld have also been demonstrated by 
others. Variation in node number and leaf 
number within the six cultivars studied ex­
plained more than 50% of the variability in 
tuber yield except in Whitestick 1 and JI ( 40-
48 %). When all cultivars were considered to­
gether leaf number and node number ac­
counted for less than 25% of the tuber yield 
variabilit y. Thus, although high leaf produc­
tion and leaf retention were importan! for high 
yield within individual cultivars, it would ap­
pear that high yield was not necessarily corre­
latcd with high rates of leaf production. The 
yield performance of Maracas Blackstick 
demonstrated that higb yields could be 
achieved with a low leaf production cultivar 
provided that high harvest índices are realized. 

Harvest lndex 
Although there were no significan! correla­

tions betwcen tuber yield and harvest index in 
the four high yielding cultivars, such correla­
tions were significan! both for the low-yielding 
cultivars (p = 0.05 and 0.10) and for all cul­
tivars ( p = 0.001 ) . The former correlation 
was interpreted to mean that plant to plant 
variation in harvest índices may have been 
partly responsible for the high yield variability 
in low yielding cultivars (Table 3) . The Jatter 
correlation indicated that harvest índices might 

be used as a means of assessing the yield po­
tcntial of a collection of cultivars grown under 
similar conditions as was previously suggested 
at CIAT (CIAT 1974). 
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Effect of Soil Compaction on Leaf Number and Area, 
and Tuber Yield of White Lisbon Y am 

Theodore U. Ferguson and Frank A. Gumbs1 

Tbe effect of soil compaction in root and tuber zones on the growth and yield of 
White Lisbon yams (Dioscorea afata L.) was examined using specially designed boxes. 
Soil compaction reduced leaf number, leaf area, and yield. A close positive linear 
relationship was observed between leaf number and yield. It is suggested that the growing 
tuber contributes substantially to the development of the plant by assisting in the 
absorption of moisture and cssential nutrients. Compaction in the tuber zone had no 
effect on tuber number, tuber length, and tuber width. However, tubers growing in 
compacted soil penetrated the soil to a lesser depth, tended to develop above the original 
leve! of the soil toa greater extent, and had a larger number of growing points ( or toes). 

The edible portian of the yam (Dioscorea 
spp.) is the underground luber. Tubers can be 
very large, and sometimes weigh more than 80 
kg. In commercial production. however, tubers 
are usually very much smaller and range from 
less than 1 kg to about 1 O kg depending on 
cultivar and growing conditions. White Lisbon 
(D. al ata L.) is the major cultivar of Trinidad, 
Barbados, and other islands in the Eastern 
Caribbean; it normally produces tubers of 1-5 
kg in weight. lt is the object of this study to 
examine the relative effect of soi l compaction 
in root and tuber zones on growth and yield of 
the White Lisbon yam. 

Methods 
The yams were grown in specially designed 

boxes (Fig. 1) in which the tubers and roots 
of the same plant developed in different com­
partments. Each comparlment was 55.9 cm 
high, 22.9 cm wide, and 61.0 cm long. The 
partitions between the root and tuber com­
partments were about 5 cm lower than the 
outer edge of the box. The boxes were con­
structed from 2.5 cm thick wood. 

There were six treatments in a 2 X 3 fac­
torial with four replications. The initial bulk 
densities of the soil in the root and tuber com­
partments for each of the treatments are given 
in Table l . A plot consisted of a single box in 
which one plant was grown. 

The experiment was conducted at the Uni­
versity Field Station, Valsayn. Trinidad and the 
soil, classified as F luventic Eutropepts by 
Smith ( 1974), was the River Estate Loam 

tCaribbean Development Bank. P.O. Box 408. 
Wildey. St. Michael, Barbados, and Department 
of Soil Science, University of the West Indies, 
St. Augustine, Trinidad, respectively. 

Table l. Initial bulk densities (g /cm3) in the tuber 
and root compartments. 

Bulk densities 

Treatment Tuber Root 
code compartment compartment 

11 1.1 1.1 
12 1.1 1.3 
21 1.3 1.1 
22 1.3 1.3 
13 1.1 1.6 
23 1.3 1.6 

( coarse sand 5%, fine sand 45 %, silt 23%, 
clay 26 %, and organic mater 1% oven dry 
weight). The boxes were placed in the field 
and then packed with topsoil to the required 
bulk density (Dn>· The soil was taken from the 
top 30 cm and sieved through a 6.3 mm mesh 
and then allowed to dry to about 1 0 % mois­
ture befare packing in the boxes. The soi l re­
quired no compaction to achieve a Db of 1 .1 
g/ cm3 ; this was therefore the lowest possible 
Db for this soil under existing conditions. To 
achieve a Db of 1.3 g/ cm3 the soil was com­
pacted in 8 cm depth intervals by packing the 
calculated weight of soil to the required depth 
with a broad wooden hammer, and for a Db 
of 1.6 g/ cm3 the packing was done for an addi­
tional 4 cm of soil. All boxes were filled to 
about 5 cm below the upper edge of the box, 
and therefore, to the top of the partitions sepa­
rating the root and tuber compartments. 

Black plastic (2 mm gauge) was doubled 
and placed on top of the soil in the tuber ( or 
middle) compartment with about 1 O cm of 
plastic overhanging on one side of the box as 
illustrated in Fig. l. The overhang of plastic 
was necessary to facilitate the removal of the 
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Fig. J. Cut-away of upper 5 cm of soilto show 
the position of the plastic: (]) loose soil; (2) com­
pactlcmcompacted soil o/ roo / compartment; (3) 
black plastic over tuber compartment; and (4) 
black plastic overhang. 

plastic at a later stage. The plastic was 8 cm 
wider than the middle compartment; 4 cm on 
each side was folded over the separating parti­
tions to prevent roots from entering the tuber 
compartment. A 5 cm depth of loose soil was 
added to bring the soil in all three compart­
ments to the level of the outer edge of the 
box. 

Head setts of White Lisbon yam (D. afata 
L.) , each weighing 100 g, were planted in the 
centre of the tuber compartments on 27 July 
1973. The setts were buried to a depth of 
about 2 cm in the centre of the middle com­
partment. The soil in a ll three co mpartments 
was lightly mulched with dry grass after plant­
ing. Mulching was considered necessary to pre­
vent c rusting of the soi l surface. Compound 
fertilizer having a N:P :K ratio of 13 :13 :20 
was applied at the rate of 24 g per compart­
ment in a sp1it dose. The p1ants were staked. 

The number of Jeaves per plant (i.e. per 
plot) was recorded 3, 4 , 8, and 25 weeks after 
planting. Leaf area was estimated at 25 weeks 
after planting. The bulk density was measured 
area. 15 1eaves were se1ected randomly from 
each plant at 25 weeks and the overall length 
(B) was measured. The area of these leaves 
was then calculated using the formula : leaf 
area = -76.3 + 1 O.OB. The area of the whole 
plant was then determined, by multiplying the 
area per Ieaf by the total number of Ieaves per 
plant. 

Bulk density of the top 38 cm of soil and 
average root density were determined 27 weeks 
after planting. The bulk density was measured 
by extracting a column of soi1 38 cm long in a 
5 cm diameter open slot tube sampler. The 

soil sections were removed, dried at 105 •e, 
and weighed. Bulk density was calculated as 
grams of dry soil per cubic centimetre. Root 
density was measured by taking six soil samples 
to a depth of 38 cm from each root compart­
ment with the 5 cm diameter tuber sampler. 
Five samples were taken from the apices of an 
imaginary five-pointed star and the sixth from 
the centre of the sta r. Each sample was cut into 
12.7 cm lengths and the six samples from each 
depth bulked. The soil was carefully washed 
from the roots on a muslin cloth sieve and the 
roots collected and dried at 70 ·c. 

The tubers were harvested on 12 February 
1974, 28 weeks after planting. Data were re­
corded on tuber number, tuber weight, Iength 
and width of tubers, maximum depth of tubers, 
and the number of growing points (i.e. the 
number of fingers or toes). Bu! k densities of 
the soil at the base of the tubers were measured 
on core samp1es 5 cm in diameter and 7.5 cm 
long, sampled by the procedure described by 
Blake ( 1965). 

Results 
All the main roots were confined to the root 

compartments indicating that the system ef­
fectively separated the roots from the tuber 
compartments. Tubers had a Iarge number of 
fine roots (tuber roots) on their surface. These 
were thicker and present in greater quantities 
at the head than at the ta il of the tubers. 

Slightly higher bulk densities were recorded 
in the compacted tuber compartments 1 week 
before harvesting, but differences were not 
significant. The bulk densities of the soil at the 
base of tubers were very much higher than the 
initial bulk densities, indicating that the tuber 
itself was compacting the soil. This trend was 
particularly marked at compaction leve] 1 ( 1. 1 
g/ cm3 ). In the root compartment the mean 
bulk density of the top 38 cm of soil at com­
paction level 3 (Db = 1.38 g/ cm3 ) was sig­
nificantly higher than compact ion levels 1 and 
2 but very much lower than the initial bulk 
density of 1.6 g/ cm3 • In both the root and 
tuber compartments the Db of the soil at level 
I inc reased up to I week before harvesting. 

Yield per plant decreased significantly with 
increase in initial bulk density of both the root 
and tuber compartments (Fig. 2). Differences 
in yield are shown in Table 2. The interaction 
between compaction Ievels in the root and 
tuber compartments was significant. Yield was 
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Fig. 2. Ef!ect o/ initial bu/k density in root and 

tuber compartments on yield: -- initial D h of 
tuber compartment = 1.1; ---- initial D bof 
tuber compartment = 1.3. 

highest (3.09 kg/ plant ) in the treatment (11) 
where the soil was not compacted in either 
the root or tuber compartment, and Jowest 
( 1.60 k g/ plant) in the treatment ( 23) having 
the highest compaction leve!. Compaction to 
Jevel 2 in the tuber compartment, with the root 
compartments at leve! 1 , reduced yield by 27 % , 
whereas compaction to leve! 2 in the root 
compartments with the tuber compartment at 
level 1, reduced yield by 32 % . 

There were no significan! differences in 
tuber numbers per plant among t reatments. 
The decrease in yicld with increase in soil com­
paction in the root and tuber compartments 
was therefore due mainly toa decrease in tuber 

size. There were no significant differences in 
the number of growing points of tubers as a 
result of varying levels of compaction in the 
root and tuber compartments. but tubers from 
the higher compaction leve! 2 of the tuber 
compartment tended to have a higher number 
of growing points ( 12.7 / plan!) than those from 
low compaction levell (8.7/ plant). 

Soil compaction in the tuber compartment 
had no significant effect on tuber length or 
tuber width. There is sorne indication, how­
ever, that compaction resulted in slightly 
shorter and broader tubers, and these there­
fore had a lower length to width ratio than 
tubers grown in the soil that was not com­
pacted. Tubers grown in soil that was not 
compacted penetrated the soil to a greater 
depth than those grown in compacted soil. 
Tubers in the more compacted soil tended to 
grow upwards above the leve! of the box more 
than tubers in the treatments in which the soil 
was not compacted. Mounding at the base of 
the plants, especially in compacted tuber com­
partments was very evident at harvesting. 
Tubers in the compacted tuber compartments 
(leve! 2) had a mean height of 18 cm above 
the top of the box compared to 11 cm for those 
with the lower compaction leve! l. 

Soil compaction in the tuber compartment 
had no effect on leaf number per plant at 3, 
4, and 8 weeks after planting (Table 3). How­
ever, compacting the soil in the root compart­
ment significantly reduced the number of lea ves 
per plant at 3, 4 , and 8 weeks. Leaf number at 
25 weeks was significantly reduced by com­
paction in both the root and tuber compart­
ments. Estimated leaf area at 25 weeks was 

Table 2. The effect of soil compaction levels in root and tuber compartments on 
tuber yield (kg /plan!), percentage reduction given in parentheses. 

Root compartment (Rq 

1 2 3 Mean 
Tuber compartment (TQ 3.09 2.11 2.21 2.47 

(0) (32) (29) (0) 
2 2.26 2.17 1.60 2.01 

(27) (30) (48) (19) 
Mean 2.67 2.14 1.90 

(0) (20) (29) 

S. E. p 
Mean tuber compartments (TC) 0.15 0.018 
Mean root compartments (RC) 0.12 0.007 

TC X RC 0.21 0.125 
c.v. 18.9% 
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Table 3. The effect of soil compaction in root and tuber compartments on leaf number per plant at 3, 4, 8, 
and 25 weeks after planting and on estimated leaf area per plant at 25 weeks after planting. 

Compaction 
Compartment leve) 3 wks 

Root 1 7. 5 
2 4.4 
3 5.2 

S.E. ± 1.1 

Tuber 1 5.1 
2 6.3 

S.E. ± 0 .9 

also reduced by compaction in both root a nd 
tuber compartments, but differences were not 
as significant. 

A very highly significan! correlation coeffi­
cient of + 0.796 (p = 0 .001) was observed 
between 1eaf number a t 25 weeks and yield 
(y = - 0.183 + 0.01291n). 

No significan! differences in average root 
densities in the root compartments were meas­
ured among treatments. 

Discussion 
Soil compaction in both the root and tuber 

compartments decreased tuber yield. Signifi­
can! positive correlations were observed be­
tween leaf number a t 25 weeks and yield a nd 
leaf area at 25 weeks and yield. Lower yields 
at the higher compaction levels therefore seem 
to be related to a reduction in the total photo­
synthetic surface a nd thus the total a mount of 
carbohydrate available to the developing 
tubers. 

The absence of any effect of soil compaction 
in the tuber compartments on leaf number be­
tween 3 and 8 weeks is not surprising because 
during that time the tubers (really only pri­
mary nodal complexes (Ferguson 1973) are 
present at this early stage of growth ) were not 
in contact with the soil of differing compaction 
Ievels. The black plastic , which was removed 
at 9 weeks, separated the tubers f ro m the 
underlying compacted or uncompacted soil. 
The large effect of compaction in the tuber 
compartment on leaf number a nd leaf area at 
25 weeks indicates that the growing tuber may 
contribute substantially to the promotion of 
growth of the plant. The tuber is Jikely to be 
absorbing nutrients and moisture through the 

Leaf number Leaf area at 
25 wks 

4 wks 8 wks 25 wks (cm2 X 103) 

16.7 90.2 207.5 11.31 
11.1 67.5 185.7 10.32 
12.9 73.5 171.2 8.85 
1.8 7.7 9.7 0.97 

12.7 80.7 203.8 10.97 
14.5 73.5 172.5 9.36 
1.4 6.3 7.9 0.79 

numerous roots that occur on the tubers, and 
which are more prevalen! during the early 
period of tuber bulking. The tuber surface it­
self may a lso be absorbing nutrients and mois­
ture. It has bcen observed that fibrous root 
( mostly nontuber ) development reached a peak 
at 4 months after pla nting and declined there­
after, suggesting a reduced potential for the 
a bsorption of nutrients after 4 months (James 
1953 ). The evidence here suggcsts that the 
tuber through its s urface and/ or the many fine 
roots on the surface may help to offset the re­
duced potential for absorption of nutrients and 
moisture resulting from the decline in the 
tibrous root system. The tuber itself. therefore, 
may be playing a major role in providing essen­
tial nutrients and moisture for plant growth. 

The finding that the tuber may play an im­
porant role in the nutrition of the yam plant 
is considered significan!. lt may help to explain 
the dramatic effect the application of organic 
fertilizer has on increasing the yie1d of yams 
(Ferguson and H aynes 1970) . Organic ferti­
lizers when incorporated into the hill or ridge 
would provide not only a soil medium offering 
relatively low resistance to the deve1opment of 
tubers but a lso nutrients in the immediate vi­
cinity of tubers. The effect of placement of 
fertilizer in the vicinity of the deve1oping tuber 
on growth and yield of yams is worth investi­
gating. 

Tubers from the less compacted treatments 
p resumably met with 1ess resistance and pene­
trated the soil to a greater depth. They there­
fore had the opportunity of exploiting a greater 
vo1ume of soil for nutrients and moisture, 
which may have resulted in better growth and 
thus higher leaf numbers. Tubers developing 
in the more compacted soil may also be smaller 
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sinks for carbohydrates because the soil offered 
greater resistance to their growth and thus led 
to a build up of assimilates in the translocatory 
system and eventua lly at the sites of photo­
synthesis. lt has been shown that photosyn­
thesis can be inhibited by an excess of assimi­
lation products ( Humphries 1 967; Neals and 
In col! 1 968). Reduced photosynthes is results 
in a smaller amount of assimilates being avai l­
able fo r plant growth and thus results in smaller 
plants. 

The results also suggest that the normal geo­
tropic growth of tubers w as restricted by thc 
resistance offe red by the soil in the compacted 
tuber compartments. A lthough they were 
smaller, tubers from compacted compartments 
grcw highe r above the top of the box than 
tubers from compartments that were not com­
pacted. The slightly lower length to width ratio 
also suggests that tubers have the t endency to 
expand late ra ll y in compacted soil. Tubers from 
the more compacted tu ber compartments a lso 
had a slightly greater number of growing 
points or "toes." It is we ll known that soil re­
sistance can be reduced by the incorporatio n of 
organic matter and many farmers in the Carib­
bean claim that tubers of White Lisbon yams 
develop fewer " toes" when produced in soils 
to which organic matter is added. 

Compaction in the root compartment re­
duces tuber yield seemingly through a reduc­
tio n of leaf numbers and Jeaf a reas fro m as 
early as 3 weeks in the highest leve! of com­
paction. Reductions of leaf growth and tuber 
yield in treatments w ith compacted root com­
partments were likely to be due to the failure 
of roots to penetra te and exploit the soil vol­
ume for nutrien ts a nd moisture. Reduced 
aeration, less available wate r capacity. and 
slower soil water conduc tivity may also be im­
portan! li miting factors. 

It is not surprising that bulk d ensities in thc 
tuber compartment at harvest were higher than 
bulk densities in the root compartment because 
tubers, in expanding during development, 

would exert physical pressurc to the surround­
ing soil mass, resulting in increased bulk densi­
ties . The bulk densities of the soil a t the b ase 
of the tubers were higher than either of the 
two initial bulk densities indicating that the 
tube r itself was compacting thc soi l during its 
growth. The ability of the soil to dcform under 
stress may therefore be an important factor 
affecting the yield of yams . 
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The Mukibat System of Cassava Production 

T. S. Dharmaputra and G. H. de Bruijn1 

The Mukibat system may outyield normal cassava production systems. Individ~al 
varieties react differently to the system, therefore it may be possible to select for htgh 
yielding varieties that have good eating quality, but which only produce moderately under 
the normal system. . 

The highest accumulation of dry matter in the root of the Muktbat cassava occurred 
between 12 and 15 months in all tbree varieties tested (it wa.s ~<_>t necessary to. make 
planting boles for the Mukibat system). Nitrogen was the hmttmg plant nutnent at 
one location. 

Scion material taken from the Mukibat plants was found to be as good as that taken 
from the original M. glaziovii tree. Two different types ?f scion were tested: the so called 
"black" type was superior to the "white" type at one locatton, but not at the other. 

The Mukibat system is based on the grafting 
of Manihot glaziovii on a stock of M. esculenta. 
With this system, higher yields are obtained, 
and, especially in East Java, the practice is 
steadily expanding, mostly for homeyard pro­
duction. Research is necessary to get more in­
formation about the possibilities of improving 
the Mukibat system, which has already been 
adopted by so many farmers. Sorne preliminary 
results from the first and the second year's ex­
periments at Brawijaya University are pre­
sented here. 

Experiments 

Preparation of Planting Material 

Mukibat grafts were prepared by the splice 
grafting system. A 15-cm piece of stem of M. 
glaziovii, serving as a scion, was grafted on to 
a 25-cm stock of M. esculenta. The diameters 
of both scion and stock were between 20 and 
30 mm. A thin píece of bamboo was put in the 
pith of both scion and stock to strengthen the 
union of the graft. Raffia fibres were used as 
binding material, but later it was found that a 
more elastic binding material or natural fibres 
such as banana leaf stalk fibres were better. 
The grafts were placed upside down for 5 days, 
and then put in a nursery under shade. The 
grafts that sprouted well were used in the ex­
periments. For the normal system of planting, 
30-cm cuttings (20-30 mm diameter) were 
use d. 

lDepartment of Soil Science, Faculty of Ag~i­
culture, Brawijaya University, Malang: Indonest~, 
and Department of Tropical Crop Sctence, Agn­
cultural University, Wageningen, The Nether­
lands, respectively. 

Planting 

For the Mukibat system in the first year's ex­
periments ( 197311974) planting boles (1 X 
1 x 0.3 m) were made in most cases. In each 
hole, 20 kg of partly decomposed organic mat­
ter from market waste was mixed with soil. In 
the second year's experiments (1974/1976) 
planting holes and organic matter were not 
used. 

The stakes were planted in a vertical posi­
tion. For the M ukibat system, except in the 
plant density experiment, the spacing was 2 X 
2 m in the first year's experiments, 1.5 X 1.5 m 
in the second year's experiments. For the 
normal system the spacing was 1 X 1 m. Plant­
ing was at the beginning of the rainy seasons. 

Growth Period 

For the Mukibat system in 197311974, ex­
cept for the growth period experiment, harvest­
ing occurred after 12 months; in 1974/ 1976 
the growth period was 15 months. For the 
normal system, a 1 O month growth period was 
used. 

Effect of the Mukibat System on Yield 

Experiments were carried out to. c?mp~re 
the yield of local and improved vanettes wtth 
the normal and the Mukibat systcm. Three loca­
tions were chosen for the 1973/ 1974 variety 
experiments and four locations for the. 1974/ 
1976 experiments. For 1974/ 1976 vanety ex­
periments data are available from only three 
locations. Mukibat and normal cassava ex­
periments were carried out separately. In 
197411976, an additional experiment was car­
ried out at Muneng to compare yields obtained 
after different growth periods, both for the 
Mukibat and the normal system. Yields after 
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Table l. Root yield (dry matter, t {ha, total and per month) of different varieties of the normal cassava 
(growth period 10 months) and of the Mukibat cassava (growth period 12 months) 

at three locations in the 1973 /1974 experiments. 

Total yield Yield per month 

Location Variety Normal Mukibat Normal Mukibat 

Paga k Faro ka 11.1 
Muneng 257 10.0 
K e tan 9.9 
Somo 9.0 
Ngganing 8.5 
Mentega 8.2 
Ambon 7.9 
Ndoro 7.9 
Average 9.1 

c.v.(%) 38 

Muneng Muara 6.2 
259-0-Gm-42 5.4 
Pandesi 5.2 
Faroka 5.0 
Gading 4.9 
Ambon 4.4 
Ngganing 4.2 
260-E-Am-7 3.9 
Average 4.9 

c.v.(%) 38 

Lumajang Faroka 12.3 
Muara 9.9 
257 / B/Va 9.1 
Va1enca 8.7 
Ndoro 8.6 
Ngganing 8.5 
Mentega 7.6 
Genjah Putih 6.6 
Average 8.9 

c.v.(%) 36 

growth periods of 1 O and 12 months are avail­
able. The 1973/ 1974 data are shown in Table 
1; the 1974/ 1976 data in Table 2. 

The Mukibat system did not reduce the 
overall yield variation among tbe tested varie­
ties. The coefficients of variation for both 
Mukibat and normal cassava at a ll locations 
were similar. However, the effect of the 
Mukibat system on the yield of individual 
varieties was not the same. High yielding varie­
ties may not neccssarily be high yiclding when 
planted as Mukibat. The reverse is also true. 
Sorne varictics, likc Ndoro and M entega, re­
sponded bcttcr to the Mukibat system than 
other varicties. T hesc are low yielding variet ics 
that are preferred because of their good eating 
quality. 

Yield pcr month was calculated for both 

10.5 1.11 0.88 
8.0 1.00 0.67 
9.0 9.99 0.75 
9.5 0.90 0.79 
9.4 0.85 0.78 
8.6 0.82 0.72 
7.5 0.79 0.63 
6.7 0.79 0.56 
8.7 0.91 0.72 

38 

5.4 0.62 0.45 
5.4 0.54 0.45 
7.0 0.52 0.58 
7.0 0.50 0.58 
5.9 0.49 0.49 
6.4 0.44 0.53 
6.9 0.42 0.58 
4.3 0.39 0.36 
6.0 0.49 0.50 

37 

13.6 1.23 1.13 
7.9 0.99 0.66 

11.8 0.91 0.98 
10.6 0.87 0.88 
13.2 0.86 1.10 
11.5 0.85 0.96 
9.4 0.76 0.78 
9.4 0.66 0.78 

10.9 0.89 0.91 
36 

normal and Mukibat cassava to provide an in­
direct comparison of the productivity of both 
systems. There is an indication that in the 
1974/ 1976 season the yield per month of the 
Mukibat cassava is much higher than that of 
the normal cassava. In the 1973/ 1974 season 
the M ukibat system did not produce more, 
and at Pagak even less, than the normal system. 
This uncxpected result may be due to two rea­
sons. First, the spacing, 2 X 2 m , in the 
Mukibat system was too wide to allow optimal 
product ion. Second, preparation of planting 
material and planting of grafts was delayed by 
almost 2 months, which, according to farmers' 
expcrience. can reduce the yield of Mukibat 
plants considerably. 

The results of the 1974/ 1976 variety experi­
ments thus provide an indication that the 
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Table 2. Root yield (dry matter, t /ha, total and per month) of different varieties of the normal cassava 
(growth period 10 months) and of the Mukibat cassava (growth period 15 months) 

at three locations in the 1974 / 1976 experiments. 

Total yield Yield per month 

Location Variety Normal 

Tulungagung Faroka 2 4.3 
Mentega 4.1 
Manggler 3.3 
Pandesi 3.3 
Caparoka 3.2 
N doro 1.7 
Average 3.32 

c.v.(%) 28 

Paga k Pandesi 6.3 
Faroka 2 5.8 
N doro 5.4 
Faroka 1 5.1 
Raung 4.6 
Markati 3.4 
Average 5.1 

c.v.(%) 20 

Lumajang Faroka 2 6.1 
Muara 5.8 
Valenca 5.1 
N doro 4.7 
Mentega 4.6 
257 /B/Va 4.4 
Average 5.12 

c.v.(%) 14 

Mukibat system gives a higher root yield than 
' the normal system, and these results corre­

spond to farmers' experience of many years. 
The results of the experiments in which yields 
are compared after different growth periods 
support the indication that the yield potential 
of the Mukibat system is better than that of the 
normal cassava. The yields of three varieties 
(Faroka, Pandesi, and Ndoro) grown at 
M uneng, at two growth periods (1 O and 12 
months), were consistently higher with the 
Mukibat system. Experimentation is con­
tinuing. 

Influence of the Planting Holes on Yield 
Two experiments were carried out at two 

locations in 197311974 to evaluate the effect 
of planting holes for the Mukibat system. Un­
der the Mukibat system, farmers often dig 
planting holes into which they put organic 
matter from the garden or kitchen. After filling 
the boles with soil mixed with the organic 
matter, the grafted cuttings are planted on top. 

Mukibat Normal Mukibat 

9.2 0.43 0.61 
6.0 0.41 0.40 
7.8 0.33 0.52 
8.3 0.33 0 .55 
3.9 0.32 0.26 
7.6 0.17 0.51 
7.13 0.33 0.48 

27 

13.6 0.63 0.91 
13.7 0.58 0.91 
12.6 0.54 0.84 
11.1 0.51 0.74 
9.1 0.46 0.61 

10.8 0.34 0.72 
11.82 0.51 0.79 
15 

15.0 0.61 1.00 
15.8 0.58 1.05 
12.7 0 .51 0.85 
17.6 0.47 1.17 
16.6 0.46 1.11 
18.2 0.44 1.21 
15.98 0.51 1.06 
12 

The treatments in the experiments were: ( 1) 
hoeing instead of hole; (2) boJe 1 X l X 0.3 
m ; and (3) hole l X l X 0.5 m. They were 
arranged in subplots in a split-plot experiment, 
the main treatments being the varieties. Com­
post (50 ti ha) was mixed with the soil in 
the holes or while hoeing. 

There was no beneficia! effect of the holes 
on the yield, and the holes even significantly 
decreased the yield at Pagak. This suggests that 
making boles as one of the Iand preparations 
as done by sorne farmers may not be neces­
sary. The practice of digging boles has been 
abandoned by farmers in regions where drain­
age of the Iand is poor. They usually plant on 
hills or ridges. 

Relation Between Length of Growth Period 
and Yield 

The relationship between the length of the 
growth period and the yield of the M ukibat 
cassava is one of the importan! factors deter-
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Fig. l. Relationship between th e length of 
gro..-th period and yield of Mukibat cassara for 
three mrieties at Muneng and L umajang. 

mining the optimum t ime for harvest. One 
cxperiment was carried out at each of two 
locations, Muneng and Lumajang, with two 
varieties per location. Planting was done at the 
beginning of the rainy season, December 1973, 
whereas at Lumajang replanting had to be 
done in February 1974 because of serious wind 
damage. Replanting reduced the number of 
replications. The material for replanting was 
obtained by cutting the stem above and below 
the un ion of the graft of the remaining plants. 
This replanting technique is common among 
the local farmers. H arvesting took place 9, 12, 
15, 18, 21, and 24 months after planting or 
replanting. Results of dry matter root yield 
are presented in Fig. l . 

The highest accumulation of dry matter in 
the roots was obtained between 12 and 15 
months with an average of 2.9 and 1.3 t/ ha 
for the tested va rieties at Muneng and Luma­
jang, respectively. A decrease in yield was ob­
tained after 21 months (Muneng) and 18 
months (Lumajang). This period coincided 
with the beginning of the rainy season, which 
started in earl y September in 1975. A lot of 
roots were rotten and consequently resulted in 
loss of yield. H arvest beyond 21 months at Lu­
majang was not possible because many trees 

had fallen and were rotten. For both Muneng 
and Lumajang, the growth period could extend 
to 18 months. Harvesting after a shorter 
growth period would be necessary if root 
quality began to decrease earlier. D ata on the 
development of root quality during the growth 
period are not yet available. 

Yield of Mukibat Cassava Using Different 
Kinds of Scion 

Origina l Versus Nono rigina l 

M. glaziovii Material 

Sorne farmers assum e that the scion material 
should be taken from origina l M . glaziovii 
plants and not from the Mukibat plants (non­
original). Experiments were carried out to com­
pare the yield of Mukibat plants with scion de­
rived from the original M. glaziovii tree with 
plants having scion derived from Mukibat 
plants at two locations in the 1973/ 1974 sea­
son. 

At both locations there was no significan! 
difference between the yield of Mukibat plants 
related to whether the scion derived from orig­
inal or nonoriginal M. glaziovii material. This 
suggests that a scion taken from a Mukibat 
plant wi ll be as good as that taken from the 
original M. glaziovii tree. 

" Black" Versus "White" Scion M aterial 

Under the Mukibat system, farmers u se 
more than one type of scion material. Most 
common is the so-called "black" type. Another 
type is called the "white" one. This one has a 
light coloured stem bark and the shape of the 
plant and its leaves is different from the "black" 
t ype, which has a dark green coloured stem 
bar k. 

At two locations, the yield of Mukibat plants 
derived from "black" scion material was com­
pared to that of plants from "white" scions. 
The dcsign was a split plot. Yarieties were ar­
rangcd in the main plots and the sc ion types 
were put in the subplots. At Pagak the root 
yield of the "bfack" type was superior to that 
of the " white" one, which corresponds to the 
experience of a majority of fa rmers. But at 
Lumajang no difference was found between the 
two types. Further research is stifl needed on 
this subject , and a botanical identification will 
be carried out to determine whether both types 
are M. g/aziovii. 
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Effects of N, P, and K on Yield 
The use of fertilizers for cassava production 

in Indonesia is still very Jimited. Sorne farmers 
apply a small amount of urea, once or twice 
during the growth period (De Bruijn and 
Dharmaputra 1974). 

To study the need of fertilizers for Mukibat 
cassava NPK experiments were carried out at 
two locations in East Java in 1974/ 1976. Only 
data from one of the locations, Tulungagung, 
are available. The chemical properties of the 
soil are as follows: pH = 6.1, organic-e = 
0.55%, totai-N = 0.04%, 0.03 N NH4 F and 
0.01 N HCI extractable P = 120 ppm, and N 
NH4 -acetate extractable K = 66 ppm. 

A split plot experiment was used . There were 
two varieties, Faroka and Ndoro, which con­
stituted the main plots, while the combinations 
of N, P, and K fertilizers were arranged 
factorially in the subplots. P as TSP was ap­
plied 15 days after planting, N as urea and K 
as potassium sulfate were applied in equal 
split application 15 days and 4 months after 
planting, respectively. 

The only significant effect was the N treat­
ment. On average the application of urea 
equivalent to 100 kg N/ ha resulted in twice the 
yield of the no N treatment. Further increase 
of the N rate did not significantly increase the 
yield. 

Discussion 
The fact that an increasing number of farm­

ers are adopting the Mukibat system is a strong 
indication that the system is superior to the 
normal cassava production system. The pre­
Jiminary results of the experiments also indi­
cate that the yield of the Mukibat cassava is 

higher than that of the normal cassava if 
Mukibat cassava is planted at the right time 
with proper plant spacing. 

Because the response of individual varieties 
to the Mukibat system varíes considerably, the 
possibility exists of selecting for high yield 
within varieties that have good eating quality 
but only produce moderately under the normal 
system. This is very attractive in Indonesia 
where almost all cassava is used for human 
consumption. 

The conclusion that making planting holes is 
not necessary has an important practica! im­
plication because labour input for the system 
can be reduced . This means that the system 
may be practica! for Iarger fields. Another 
practica! conclusion is that special M. glaziovii 
plantings for obtaining scion material may not 
be necessary, as the scions taken from the Muki­
bat plants proved to be as good as those taken 
from the original M . glaziovii tree. However, 
it is still not known whether scion material 
repeatedly taken from Mukibat plants without 
renewal from the original M. glaziovii trees 
will be effective. Further research is needed on 
this point. 

The authors wish to thank the International 
Development Research Centre, which provided 
funds for the present research. We are indebted to 
staff members of the Cassava Research Project 
and students of the Faculty of Agriculture. Brawi­
jaya University, for their active support and in­
volvement in the cassava research, and to Dr. 
Graeme D. Swincer for correction of the English. 

De Bruijn, G. H ., and Dharmaputra, T. S. 1974. 
T he Mukibat system, a high yielding method of 
cassava production in Indonesia. Neth. J. Agric. 
Sci. 22, 1974, 89-100. 

Undersowing Cassava with Stylo Grown Under Coconut 

l. M. Nitis and M. Suarna1 

Three field experiments on undersowing cassava with stylo were carried out in Bali. 
Stylo drilled under the cassava at diagonal crossing produced tuber dry matter (D.M.) 
similar to that of cassava sown without stylo. Other methods of sowing stylo (broadcast, 
windrow, crisscross, and drill midway between the 2 cassava) significantly (p = 0.05) 
decreased the tuber D.M. yield by 32- 5 1%. Windrow sowing the stylo under the 
cassava by replacing cassava with stylo so that the spacing increased from 40 X 40 cm 

IDepartment of Nutrition and Pasture Agronomy, F.K.H.P., Udayana University, Denpasar, 
Bali, Indonesia. 



NITIS AND SUARNA: UNDERSOWING CASSAV A 99 

(without sty1o) to 40 x 80 cm (with sty1o) and from 60 X 60 cm (without sty1o) to 
60 X 120 cm (with stylo) increased tuber production by 20 and 22%, respectively. At 
the wider cassava spacing the replacement significantly decreased tuber D.M. yield by 
28% . In the other experiment, windrow sowing stylo under the cassava decreased tuber 
D.M. yield by 14% (p = 0.05 ). PK or PKT ferti lizers could alleviate such yield depression. 
The cassava + stylo combination produced about 69% more shoot D.M. than that of the 
cassava sown without stylo. The importance of undersowing cassava with stylo in mixed 
farming systems is discussed. 

In intensively farmed coconut-bearing dry 
arcas in Bali, root crops ( cassava, sweet po­
tato) , cereal (coro, sorghum), or beans (green 
bean, dolichos) are grown as cash crop while 
Iivestock is integrated into the farming system 
for draft animals, meat production, and export 
earoings. Cassava is the cash crop most com­
monly grown, and undersowing of cassava is 
rarely practiced. After the cassava crop, the 
land is either bare because it is too dry for 
new cultivation, or when enough moisture is 
available, it is invaded with annuals of low 
nutritive value. Shortage of livestock feed is 
not uncommon in this arca (Nitis 1967) . The 
tropical legume Sty/osanthes, which is known 
for its drought resistance, and which can mix 
with other species ( Humphreys 1969) , is show­
ing promise as a livestock feed in Bali (Nitis 
and Nurbudi 1975). 

According to Nitis and Sumatra (1976) , 
cassava undersown with Stylosanthes produces 
14% more tubers than cassava grown alone. 
Furthermore, the companion crop Stylosanthes 
produces an additional 5 tons dry matter/ ha/ 
year. 

T his paper reports on a short term field study 
of the effect of method of sowing, spacing 
( density), and fertilizer on the yield of cassava 
and Stylosanthes sown under coconut . 

Materials and Methods 
Site and Land Preparation 

The experiments were carried out in 1 ha 
coconut bearing land in Kuta, 2 km from the 
sea at 1Om elevation. The average annual ra in­
fall is 183 2 mm distributed mainly during the 
November to April rainy season (Steel and 
Humphreys 1974). The coconut trees are 
about 30 years old and are planted at approxi­
mately 1 O X 1 O m spacing. For many years 
the arca has been cropped with cassava, green 
beans, peanuts, coro, and sweet potato. Re­
cently, sorne parts have been used to evaluate 
various tropical legumes introduced to Bali. 

The soil is a loamy fine sand (lO YR 3/ 2) 
overlaying loamy coarse carolline sand (7.5 

YR 4/ 4) at 80-90 cm, with pH ranges from 6.5 
to 8.5 at 0-80 cm depth (Steel and Humphreys 
1974) . The soil organic matter is 0.27 % 
(Supardjata et a l. 1974) and the water table is 
at l .5-4.0 m. 

The arca was ploughed twice at 14 day in­
tervals, hand weeded, and then hand ridged in­
to raised beds ( plots) 20 cm high. Spacing be­
tween plots was 1 m. Plot size in experiments 1 
and 3 was 2 X 2 m, in experiment 2, 3 X 3 m. 

Cassava Stick and Stylo Seed 
The sticks were cut from 1 O month old cas­

sava (Manihot esculenta var. va/enea) ob­
tained locally. Each 25 cm stick was planted 
perpendicular to the ground at 1 O cm depth. 
Except in experiment 2, the sticks were planted 
at 80 X 80 cm spacing. 

Stylo (Stylosanthes guyanensis cv. schofield) 
seeds obtained from Jember (East Java) were 
used. They were scarified mechanically and 
sown at the rate of 5 kg/ ha. The seeds were 
not inoculated, and were sown 2 weeks after 
the cassava planting. Except in experiment 1, 
the seeds were sown midway between the cas­
sava in a windrow direction at 1 cm depth. 

Experimental Design 
Each experiment was carried out in a com­

plete randomized design. Measurement of the 
height and number of leaves was carried out 
at 4-week intervals. At the same time, density 
of the stylo was measured in a 0.5 X 0.5 m 
quadrat. Stylo was ha rvested at 1 O cm height . 
Plots with cassava without stylo were kept 
wced-frec. Thc outermost plants wcre treated 
as a guard row and were not included in the 
measurements. After harvest , a proportional 
sample of leaf, stem, petiole, and tuber was 
dried at 70 oc to a constan! weight for dry 
matter (D.M.) determination. 

Experiment 1 was carried out to compare dif­
ferent methods of sowing stylo in relation to 
cassava. The trcatments consisted of cassava 
a lone and cassava + stylo using five methods 
of sowing stylo under cassava (broadcast, 
windrow, crisscross, drill midway between the 
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Table l . Effect of method of sowing stylo under cassava on tuber yield 
and on cassava + stylo shoot. 

D.M. yield of 
D.M. yield cassava + stylo 

Method of of tuber Number of shootb 
sowing stylo (gfm2)a tubers jm2 (g /m2) 

No stylo (control) 41.57a 8.22a 224a 
Broadcast 2!.86b 3.75b 295b 
Windrow 20.29b 3.64b 250a 
Crisscross 28.14b 5.14f 297b 
Drill midway 22.71b 7.14c 243a 
Drill at diagonal crossing 45.29a 7.99c 307b 
S. E.M. 3.26 0.34 3.19 

"'Values in the same column followed by different letters are significantly different 
(p = 0.05). 

bStem + petiole + leaf blade. 

two cassava, and dril! at diagonal crossing of 
the four cassava) with seven replications in 
cach treatment. Except for the broadcast, 
depth of sowing was 1 cm. The cassava sticks 
were planted on 13 September 1974, the cas­
sava and stylo were harvcstcd when the cassava 
was 26 weeks old (1 March 1975). Stylo re­
growth and volunteer species invading the plot 
without stylo were harvested 16 weeks later (2 
July 1975). 

Experiment 2 studied various planting den­
sities of cassava and stylo. The factorial design 
consistcd of three combinations ( cassava, 
stylo, and cassava + stylo), three spacing 
(40 X40, 60 X 60, and 80 X 80 cm), and 12 
replications. The cassava and cassava + stylo 
combinatíon resulted in a 40 X 40, 40 X 80, 
60 X 60, 60 X 120, 80 X 80, and 80 X 160 
spacing wíth a density of 5.44, 2.67, 2.78, 1.67, 
1.78, and 0.89 plantfm2, respectively for the 
cassava. The cassava sticks were planted on 
15 Septcmber 1974, the cassava and stylo were 
harvcsted when the cassava was 41 weeks old 
(27 June 1975) . Light intensíty under the 
cassava canopy was measured by photocelllight 
metre and leaf arcas of the cassava were meas­
ured by planímetre. 

Experiment 3 compared the response to 
nitrogen (N), phosporus (P), potassíum (K), 
and trace elements (T). It consisted of volunteer 
species (no cassava and no stylo); cassava alone 
fertílized with nothíng, N, NPK, and NPKT; 
cassava + stylo fertilized with nothing, PK, 
and PKT; and stylo alone ( 12 replications each 
treatment). The e lemcnts were applied (kg/ 
ha) as follows: N as urea at 165, P as triple 
superphosphate at 150, K as KCl at 85, and 

T as CuS04·5H20 at 8, ZnS04·5H20 at 8, 
MnS04·7H2 0 at 21.8, Na2Mo04 ·2H2 0 at 0.24, 
and Na2 B40;·1 OH20 at 4.5. Major elements 
were míxed thoroughly with soil and then 
broadcast on the plots. Trace elements Cu, Zn, 
Mn, Mo, and B were dissolved in water and 
then applied evenly on the plots. The cassava 
sticks were planted on 15 September 1 974; the 
cassava and stylo were harvested when tbe 
cassava was 41 weeks old (29 June 1975) . 

Statistical Analysis 

Data were subjcctcd to analysis of variance 
( Snedecor and Cochran 1967). When a signift­
cant difference was detccted (p < 0.05) it 
was evaluated by the new Duncan multiple 
range test (Steel and Torrie 1960). 

Results 
Mcthods of Sowing Stylo (Experiment 1) 

Undersowing cassava with stylo at diagonal 
crossing did not significantly affect tuber D.M. 
yield (Table 1) . On the other hand, sowing 
stylo by the other methods reduced tuber D.M. 
yicld by 32.3-51.2% compared with that of 
the cassava sown wíthout stylo. The crisscross 
method of sowing exerted the least effect and 
the windrow method the most . 

In terms of cassava shoot growth, cassava 
undersown with stylo at diagonal crossing 
yielded 7.9 % more shoot D.M. than that of 
cassava sown without stylo. This was duc 
mainly to the increase in D.M. of the leaf and 
petiole, whereas the stem D .M . did not signifi­
cantly vary. The other methods of sowing stylo 
decreased the shoot D.M. yield of the cassava 
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Table 2. Effect of plant density and stylo on tuber yield and on cassava + stylo shoot. 

D.M. yield of 
D.M. yield cassava + stylo 

Cassava density of tuber Number of shoot0 

Spacing ( plants /m2) Combination (g /mZ)a tubers /m2 (gfmZ) 

40X40 5.44 cassava 614a 8.01a 543a 
40 stylo 656bg 

40 X 80 2.67 cassava + stylo 737b 9.27b 1006c 
60X60 2.78 cassava 566a 6.87c 464f 

60 stylo 633b 
60 X 120 1.67 cassava + stylo 689b 7.96a 904c 
80 X 80 1.78 cassava 583a 5.64f 395n 

80 stylo 626b 
80 X 160 0.89 cassava + s<ylo 420c 3.91g 705g 
S. E.M. 6.74 0.16 18.16 

avatues in the same column followed by different letters are signiticantly different 
(p = 0.05). 

bStem + petiole + leaf blade. 

by 17.4 to 31.3% compared with that of cas­
sava sown without stylo. Of the cassava plant 
parts, the leaf was affected the most, whereas 
the stem and petiole varied according to the 
treatments. Method of sowing has no signifi­
can! effect on the number of leaves and height 
of the cassava. 

Stylo sown in broadcast produced similar 
shoot D.M. to stylo sown crisscross, but 86.5, 
85.6, and 35.6% more than stylo sown wind­
row, drill at diagonal crossing, and drill mid­
way, respectively. 

Although in most cases, the cassava + stylo 
combination decreased the shoot D.M. yield of 
individual species, the combined cassava + 
stylo shoot D.M. yields were 8.6-37.0% 
greater than that of cassava sown without 
stylo. This, increase was mainly due to the 
change in the D.M. of the stem. 

Four months after termination of the ex­
periment, the volunteer species invading the 
plots formerly cultivated with cassava sown 
without stylo produced 30.7 g D.M./m2 and 
the stylo regrowth produced 7.8-12.7 times 
this amount. 

Plant Density (Experiment 2) 
Reducing the cassava density from 5.44 to 

2.67 plants/ m2 by sowing stylo in the location 
of the cassava row significantly increased 
the tuber D.M. yield by 20.1 % (Table 
2). Reducing the density from 2.78 to 1.67 
plants/ m2 resulted in a similar trend, but a 
further reduction from 1.78 to 0.89 resulted in 
a 28.0% reduction in tuber D.M. yield. In the 
absence of stylo, reducing the cassava density 

from 5.44 to 2.78 and to 1.78 plants/ m2 did 
not significantly affect the tubcr yield. In the 
case of the cassava + stylo combination, re­
ducing the cassava density from 2.67 to 1.67 
plants/ m2 had no significan! effect, but a fur­
ther reduction from 1.67 to 0.89 decreased 
shoot D.M. yield by 39.1 % . The change in the 
tuber D.M. yield was mainly due to the tuber 
number, whereas the tuber size (length and 
diameter) did not consistently vary. 

Reducing the cassava density from 5.44 to 
2.67, 2.78 to 1.67, and 1.78 to 0.89 plantsf m2 
by replacing the cassava with stylo decreased 
the shoot D.M. yield by 12.2, 7.3, and 30.3 % , 
respectively. The effect of varying density on 
the D.M. yield of the cassava plant parts (stem, 
petiole, and leaf) followed the shoot D .M. 
pattern. The reduction in the leaf D.M. yield 
was partly due to the reduction in the size and 
number of leaves. 

Increasing the stylo spacing from 40 to 60 
and 80 cm did not significantly affect the shoot 
D.M. yield of the stylo. However, increasing 
the stylo spacing from 40 to 80, 60 to 120, 
and 80 to 160 cm by sowing cassava in the row 
space of the stylo significantly decreased the 
shoot D.M. yield of the stylo by 19.4, 24.0, 
and 31.7% , respectively. In the case of the 
cassava + stylo combination, increasing the 
spacing from 40 X 80 to 60 X 120 cm de­
creased the D.M. yield of the stylo shoot by 
10.2%, whereas increasing from 60 X 120 to 
80 X 160 cm had no significant effect. Number 
of tillers was not consistently affected by the 
spacing. 

Although the cassava + stylo combination 
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Table 3. Elfect of fertilizer and stylo on tuber yield and on cassava + stylo sboot. 

D.M. yield of 
D.M. yield cassava + stylo 

of tuber Number of shootb 
Combination Fertilizer (g /m2)a tubers/m2 (g /m2 ) 

'"'""'"' '""'~} 90a 
cassava none 729ab 7.37ac 408b 
stylo 675g 
cassava + stylo 628b 6.57b 876c 
cassava N 82lac 8.00a 452b 
cassava NPK 1014c 9.06a 459b 
cassava NPKT 714ab 6.99bc 40lb 
cassava + stylo PK 674b 6.92b 989cf 
cassava + stylo PKT 713ab 7.00b 1002f 
S. E.M. 2.74 0.72 1.26 

avalues in the sarne colurnn followed by different letters are significantly different 
(p = 0.05). 

bStern + petiole + leaf blade. 

decreased the shoot D.M. yield of the in­
dividual species, the combined cassava + 
stylo D.M. yields were 29.7 to 85.1% greater 
than that of cassava sown without stylo. The 
wider the spacing the smaller the D.M. dis­
crepancies. 

Fertilizer Response (Experiment 3) 
The addition of N and NPK to the cassava 

plot ( without stylo) increased the tuber D.M. 
yield by 12.6 and 39.1 %, respectively, more 
than that of cassava without fertilizer applica­
tion (Table 3). The addition of NPKT had no 
significant effect. Undersowing cassava with 
stylo reduced the tuber D.M. yield by 13.9% 
compared with the cassava sown without stylo. 
Application of fertilizer PK or PKT to the cas­
sava + stylo plots alleviated this yield reduc­
tion. The change in tuber D.M. yield was due 
mainly to the tuber number, to a lesser extent 
to tuber diameter, whereas tuber length had no 
significant effect. 

Undersowing cassava with stylo resulted in a 
12.5% reduction in shoot D.M. yield coro­
pared with that of cassava sown without stylo. 
The addition of either PK or PKT alleviated 
this yield depression. The height of the cassava 
and its plant parts ( stem, petiole, and Ieaf) 
were not consistently alfected by these treat­
ments. 

The cassava + stylo combination reduced 
shoot D.M. yield of the stylo by 23.1 % coro­
pared with that of stylo sown without cassava. 
The addition of PK or PKT to the cassava + 
stylo plots did not alleviate this growth de-

pression. Tiller number, but not tiller height, 
of the stylo was significantly increased by the 
fertilizer treatments. 

The cassava + stylo combination produced 
shoot D.M. twice that of the cassava sown 
without stylo, and 9.7 times that of the an­
nual species that grew in the plots witbout cas­
sava and/ or stylo. 

Discussion 
According to Nitis and Sumatra (1976), 

sowing stylo under cassava at diagnoal crossing 
produced 14% more tuber D.M. than cassava 
sown without stylo. The smaller response (9 %) 
in this study is presumably due to the poorer 
soil in which nutrient competition started to 
become important. Method of sowing stylo, 
plant density, and fertilizer response trials sup­
port this suggestion. The coconut trees migbt 
not exert any significant effect, because Stecl 
and Humphreys (1974) have shown that 
pasture growth contiguous to coconut trees is 
similar to that farther from these trees. 
Furthermore, Nitis et al. (1975) have shown 
that coconut trees undersown with improved 
pasture and grazed by cattle produce 18% 
more nuts than the coconut trees without 
pasture and cattle. 

Enyi (1973) reported that increasing tbe 
cassava density increased the tuber yield and 
that the calculated optimal density for maxi­
mum yield was 1.60 plants/ m2 • The present 
study confirmed this finding, and showed that 
tuber D.M. yield can be increased by 26% by 
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increasing the cassava density from 1.78 to 
2.67 plants/ m2, provided the latter is under­
sown with stylo. The stylo might contribute 
sorne nitrogen ( Anonymous 1967) , but not 
enough to maximize yield. The greater tuber 
D.M. yield of cassava fertilized with nitrogen 
than cassava undersown with stylo supports 
this suggestion. 

Cassava undersown with stylo and harvested 
at 1 O months produced 0.17 ton less tuber D.M. 
than cassava sown without stylo. On the other 
hand, the cassava + stylo combination pro­
duced about 10 tons/ ha/ year more shoot D.M. 
than cassava sown without stylo. This roughage 
would fced 2 or 3 head of Bali cattle. The loss 
in cassava yield would therefore be compen­
sated for by the additional supply of Iivestock 
feed. Farmers, who otherwise cannot afford to 
keep cattle because of a shortage of Iivestock 
feed, would be able to keep one pair of cattle 
for their mixed farming practices. 

Experiments are now underway in Bali to 
study the effect of Iivestock manures, different 
species of tropical legumes, graded levels of 
potassium and sulfur, and density-fertilizer 
combinations on the yield of cassava under­
sown with stylo. Factors such as frequency and 
height of cutting the stylo merit further study. 
It is anticipated that knowledge from the cas­
sava-stylo work will contribute to the current 
research input, which according to Nestel 
( 197 4), is still too low in terms of the value of 
cassava and its growth potential. 
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Effect of Potassium on Tuber Yield and Nutrient Uptake 
ofYams 

G. O. Obigbesan, A. A. Agboola, andA. A. A. Fayemi1 

Tbe bigbest tuber yields of D. cayenensis and D. rowndata (var. aro) were produced 
using 30 kg K,O/ ba, wbereas D. afata and D . rotundata (var. efuru) gave optimum 
performance with 60 kg K,O/ ba. Yield differences duc to varicties were significan! in botb 
years of tbe experiment, but significan! responses to K application were obtained only in 
tbe 197 5 experiment at the farm si te wbere the exchangeable soil K was 0.151 meq/ 100 g. 

K fertilizations raised tbe percentage of marketable (ware) tubers of all species 
except D. rotundata (var. aro). Tbere were also varietal differences in tbe crude protein 
(5.2-8.3%) and mineral nutrient content. Nitrogen and potassium constituted tbe major 
nutrients removed in large amounts. The average nutrient removal via tbe tuber ranged 
between 128 and 155 kg N, 16.9 and 19.4 kg P, and 155 and 184 kg P per hectare. 

Yams. Dio.fcorea spp., constitute a major 
staplc food in thc African dict, and are of soci­
oeconomic importance in the life of the 
growers. Despite the enormous labour require­
ments in land preparation, staking, and bar­
vesting and the large quantity of planting ma­
terial required for yam production (at least 
2.5 t / ha) yams continue to be extensively 
grown in the tropics. Their popularity over 
other root crops like cassava, for example, may 
be ascribed to their high market value and the 
ease of their preparation. 

Yam production is a multi-million Naira in­
dustry in Nigeria, which produces about half 
of the world's total supply on approximately 
1.7 million ha (FAO 1974). Yam cultivation is 
done mainly by peasant farmers who have been 
advised by the Ministries of Agriculture to 
apply a complete fertilizer at the rate of 376 
kg/ ha for yam and all other crops (Anony­
mous 1962, 1963). However, it is essential to 
establish the response of yam varieties to 
fertilizers under ditferent soil fertility levels, 
because earlier works (Obi 1959, Baker 1962, 
Sobulo 1972) did not give this sufficient atten­
tion. Our work investigated the performance of 
ditferent yam varieties under different soil 
fertility Jevels. 

Materials and Methods 
Four commonly grown yams: D. rotundata 

( var. efuru); D. rotundata ( var. aro); D. afata 
(water yam); and D. cayenensis (yellow yam) 
were obtained from the local market and 
planted as early yams on 19 December 1973 
and 12 J anuary 197 5. The first experiment 

IDepartment of Agronomy, University of 
Jbadan, Jbadan, Nigeria. 

( 1974) was conducted at the University of 
Ibadan farm on Jand that had not been con­
tinuously cropped for severa! years. Before 
ploughing and ridging, random soil samples 
were taken ( 0-15 cm) to establish the leve! of 
soi l fertility. Planting was done on ridges 90 
cm apart and at a spacing of 90 cm. A plot 
size of 3.6 X 6.4 m gave 40 plants/ plot or 
about 17 285 setts/ ha. 

Potassium fertilizer was applied by band 
placement in trenches along the ridges and a 
few centimetres away from the yam setts at 
the rate of O, 30, 60, 90, and 120 kg K 20 / ha 
as muriate of potash with basal dressing of 90 
kg N and 60 kg P ~0:-/ ha in the form of ain­
monium sulfate and superphosphate, respec­
tively. The yam vines were staked, and weeded 
as required. The crops were harvested when 
most of the leaves had dried up. 

Results 
D. afata usually shed its Jeaves and dried up 

earliest, whereas D. cayenensis retained its 
Jeaves longest and matured last. In the 1975 
experiment, there was a premature shedding of 
Jcaves, and all the D. afata plants dried out as 
early as July. The Ieaves showed characteristic 
insect damage symptoms, but Ieaf samples 
taken for microbiological examination re­
vealed the causative agent to be Cercospora. 
The Ieaves of D. rotundata and D. cayenensis 
were resistan! to this fungus. At harvest in 
1975, sorne of the tubers of D . rotundata (var. 
efuru) were rottcn, whcreas tubers of D. 
cayenensis and D. afata were not atfected. 

Tuber Yields 

At harvest, the tubers from each plot were 
weighed and separated into marketable ( ware) 
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Fig. 1. Effecr of K ferrilizarion on ruber yields 
of yams (1974). 

and nonmarketable yams. Figures 1 and 2 
show the influencc of K fertilization on tuber 
yields in 1974 and 1975, respectively. The 
1974 crop gave a yield range of between 32.5 
t/ha (D. alata) and 40.5 t/ha (D. cayenensis) 
without fertilizer, and between 43.0 tlha (D. 
alata) and 46.5 t/ha (D. cayenensis) at the 
optimum fertilizer levels. D . cayenensis signifi­
cantly outyielded the other species. Generally, 
response to K was rather low, with the best 
yield levels being obtained at rates of 30-60 kg 
K20 / ha (Fig. 1 ). 

Considerably lower tuber yields wcrc ob­
tained in the 197 5 experiment. These low yields 
were probably due to the poorer nutrient status 
of the experimental site and C ercospora attack 
on D. afata. However, there was a generally 
significant response to K fertilizer with signifi­
cant interactions among the varieties. As in the 
previous year's result (Fig. 1) , D. cayenensis 
significantly outyielded the other spccics (Fig. 
2). 

Response to K in 1975 was rather incon­
sistent ( cxcept for D . afata) although there 
was a definite trend of yield increases due to K 
application. D. rotundata (var. aro) and D . 
cayenensis gave highest yields when fertilized 
at 30 kg K20 / ha, D. afata at 60 kg K20 / ha, 
and D. rotundata (var. efuru) at 90 kg K20 / ha 
( Fig. 2). The differences between the mean 

yields from fertilizer treatments were signifi­
cant. 

An assessment of the percentage of ware­
tubers from the 1975 harvest showed that in­
creased K application appreciably improved 
thc amount of marketable tubers. This indi­
cates that K fertilization not only increases 
tuber yield but also the quantity of marketable 
produce. 

Nutrient Removal 
The average nutrient contents for the yam 

species are shown in Table l. The data reveal 
that among the yam species, D. alata tubers 
without the peel had the highest crude protein 
(8.26 % , on dry weight basis) and mineral 
content, whereas D. cayenensis had the lowest 
protein (5.19% ) and lowest mineral content. 
Thc two varieties of D. rotundata (aro and 
efuru) also showed distinct differences in nu­
trient composition. The highest values were 
recorded for D. rotundata (var. efuru). 

The nutrient levels obtained in this work are 
comparable to those reported by Ferguson 
(1969) who found that tubers of D. afata con­
tained about 1.3 % N (dry weight basis) and 
produced the Iowest amount of dry matter 
(24.9 % ). The dry matter production of D . 
rotundata (var. efuru) , D . rotundata (var. 
aro), and D. cayenensis was 32.9, 34.4, and 
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Fig. 2. Effecr of K fertilizarion on ruber yields 
of yams (1975). 
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Table t. Average nutrient content (mg /100 g tuber) of yams (dry weight basis). 

Species Portien analyzed N p K Ca Mg 

D. afata unpeeled tuber 1.42 0.187 1.79 0.031 0.088 
peeled tuber 1.32 0.129 1.55 0.02 

D. rotw1data unpeeled tuber 1.28 0.150 1.45 0.032 0.088 
(var. efuru) peeled tuber 1.22 0.124 1.33 0.02 

D. rotundata unpeeled tuber 1.15 0.148 1.27 0.028 0.092 
(var. aro) peeled tuber 1.12 0.130 1.17 0.015 

D. cayenensis unpeeled tuber 0.91 0.127 1.19 0.025 0.086 
peeled tuber 0.83 0.098 0.93 0.015 

Table 2. Nutrient removal (kg/ ha) through the tubers of the yam species. 

Average dry 
matter yield 

Yam species (kg/ ha) N 

D. afata 9034 128.3 
D. rowndata (var. efuru) 12133 155.3 
D. rotundata (var. aro) 12197 140.3 
D. cayenensis 15255 138.8 

34.3% , respectively. The leve! of nutrient re­
moval of the different species is presented in 
Table 2. Two major aspects are reflected in this 
table: ( 1) nitrogen and potassium are the most 
important nutrients removed from the soil and 
deposited in the tubers; and (2) yam species 
have different nutrient requirements. At the 
yield leve! of 13 716 kg tubers/ ha ( dry weight 
basis), D. rotundata (var. efuru) was estimated 
to remove as muchas 175.6 kg N , 20.6 kg P, 
198.0 kg K, 4.4 kg Ca, and 12.1 kg Mg per 
hectare- an equivalent of about 836 kg am­
monium sulfate ( 21% N), 114 kg single super­
phosphate (18% P20fi), and 333 kg muriate 
of potash (60% K 20) per hectare. 

Discussion 
Soil analysis showed that the K nutrient 

status of the 1974 experimental site was higher 
(exch. K = 0.21.8 meq/100 g) than that of 1975 
(ex ch. K = O. 151 meq/1 00 g). This was 
probably the cause of the generally low and in­
significan! response to K fertilizer in 1974, 
whereas significan! yield increases were ob­
tained in 1975. Moreover, the 1974 experi­
mental site was an area cleared from bush that 
had lain fallow (lmperata grass) for sorne 
years, while the farm site (1975 experiment) 
had been under continuous use for many years. 
It appears that yams will not respond to K 

Average nutrient removal (kg/ ha) 

p K Ca Mg 

16.9 161.7 2.8 7.9 
18.2 175.9 3.9 10.7 
18.1 154.9 3.4 11.2 
19.4 181.5 3.8 13.1 

fertilizer when the leve! of exchangeable K is 
greater than 0.15 meq/ 100 g soil on newly 
cleared land. 

Our work agrees with the observations made 
by Heathcote and Stockinger ( 1970) , in sa­
vanna areas of northern Nigeria, that cereal 
crops responded to K fertilizer when the ex­
changeable K fell below 0.2 meq/ 100 g soil and 
of Forde et al. (1966), in southern Nigeria, 
that the mínimum requirements of oil-palms 
for exchangeable K was 0.1 O meq/ 1 00 g soil. 

Premature death of D. a/ata plants in July 
owing to Cercospora fungus attack indicates 
the differential susceptibility and resistance of 
the yam species. D. cayenensis with thicker 
cutinous foliage was not affected by the disease. 
Many of the tubers of D. rotundata (var. 
efuru) were prone to decay as a result of the 
high water table during the late rains of Au­
gust-September 1975, whereas none of the 
tubers of D. a/ata was adversely affected. 

Yield reduction, based on the 1974 crop, was 
least marked in D. cayenensis (26%) followed 
by D. rotundata (var. efuru) (37.7 % ) and D. 
rotundata (var. aro) (44% ). In general , the 
mean yields obtained in both years were higher 
than the average of 16 113 kg/ ha reported for 
D. rotundata by Sobulo 1972) at a similar 
planting time (Nov/ Dec) but were comparable 
to those reported by Ferguson and Haynes 
(1970). 
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Besides being an important source of carbo­
hydrate and the chief source of saprogenic 
precursors of cortisone (Martín and Ortiz 
1963), yams provide m u eh needed minerals in 
the diet. Table 2 shows that the tubers of D. 
afata were much richer in protein and mineral 
nutrients than the other yam species; the pro­
tein content of its peeled tuber (8.76%) was 
about 60% more than that of D. cayenensis; 
18% more than that of D. rotundata (var. aro), 
and 8% greater than that of D. rotundata (var. 
efuru) . Busson (1965) reported that the pro­
tein in the tuber of D. afata contained even 
higher amounts of essential amino acids than 
that of D. cayenensis. This is of significant in­
terest to Nigerians who have a preference for 
using D. afata for making a much relished 
porridge called "Ikokore." 

It is to be expected that continuous cultiva­
tion of yams in the same soil would rapidly 
deplete the soil of its nitrogen and potash re­
serves (Table 2). The danger might not be as 
imminent in soils derived from metamorphic 
parent material rich in K reserve, e.g. in the 
savanna zone of western Nigeria, as in soils 
of sedimentary origin, e.g. rainforest zone of 
southern Nigeria, which are known to be very 
low in potash (Smyth and Montgomery 1962). 

Therefore, yam production in the rainforest 
zone of southern Nigeria requires a judicious 
application of N and K for high yields. 

The authors appreciate the skillful assistance 
of P. S. l. Makam in tbe field work and J. A. 
Williams in the laboratory analyses. 
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Effect of Potassium and Sulfur on Growth, Yield, and 
Composition of Cassava 

A. G. N. Ngongi, R. Howeler, and H. A. MacDonald1 

Three field experiments were conducted in Colombia to investigate the differential 
effects of KCI and K2S04 on cassava root yields. At Pance, where soil S01=-S content 
was 9.0 ppm, there were no differences in yields between KC1 and K,SQ, plots, but at 
Carimagua and Tranquero where soil S04=-S content was 4.0-4.5 ppm, K2S04 produced 

lCornell University, Ithaca, N.Y.; CIAT, Cali, Colombia; and Cornell University, respectively. 
Present address of tbe senior author is Soil Research lnstitute, Kwadaso, Kumasi, Gbana. This 
study was financed by Cornell University, the Ford Foundation, and Centro Internacional de 
Agricultura Tropical. 
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significantly higher root yields than KCI. A KCI + S 'source' produced yields equal to 
those produced by K:SO, at equivalen! rates of potassium. 

Cassava root yields increased with potassium fertilization. Potassium applied at a 
rate of 120 kg K,O/ ha appeared to be adequate. Maximum root yields obtained were 40 
and 20 t/ ha at Pance and Tranquero, respectively. There was a high positive correlation 
between cassava root yields and total plant fresh weight produced per hectare. 

Cassava has been reported to respond well to 
potassium fertilization by severa! investigators; 
however, yield depressions have also been re­
ported at potassium rates higher than 200 kg 
K20 / ha applied in the form of KCI (CIAT 
1974, Kumar et al. 1971, Samuels 1970). 
Similar yield depressions at high potassium 
rates ha ve been reported for yams ( Ferguson 
and Haynes 1970) and for sweet patato (Dun­
can et al. 19 58). The yield depressions ha ve 
remained unexplained, but it has been sug­
gested that the chloride ion has sorne delete­
rious effects on starch accumulation (Oke 
1968) . 

The principal objective~ of this study were: 
( 1 ) to investigate the differential effects of two 
potassium sources, potassium chloride and po­
tassium sulfate, on cassava root yields ; and (2) 
to evaluate the main effects of sulfur on cassava 
root yields obtained from highly weathercd 
soils. 

Materials and Methods 

Three experiments were conducted in Co­
lombia at Pance, Carimagua, and Tranquero. 
Pance is located 14 km south of Cali in thc 
Cauca Valley of Colombia at an altitude of 
about 1000 m. The soil, which is derived from 
volcanic ash, is heavy and poorly drained. 
Carimagua is located in the Eastern Plains of 
Colombia, South of the Meta River. The area 
has a gently sloping topography with an aver­
age elcvation of 150-200 m. The mean annual 
rainfall of the area is 1800 mm and the mean 
annual temperature is 26-27 ·c. Tranquero is 
located 1 O km N orth of Carimagua. The soil 
at Carimagua has been classified as a clayey, 

kaolinitic isohyperthermic typic haplustox 
(N aderman 197 3). The soil at Tranquero was 
very similar to that found at Carimagua. 
Chemical data on the soils at the three sites 
are presented in Table l. 

The treatments imposed on the three experi­
mcnts were two sources and four rates of potas­
sium fertilizer. Potassium chloride (KCI) and 
potassium sulfate (K2S04) were the potassium 
sou rces used and potassium was applied at 
ratcs of O, 60, 120, and 240 kg K 20 / ha at 
Pance and Tranquero and 60, 90, 120, and 240 
kg K20 / ha at Carimagua. A KCI + S 'source' 
was included at Tranquero to investigate the 
effects of the sulfur contained in K2S04 • 

Elemental sulfur was a pplied in amounts equiv­
alen! to the su\fur contcnt of each rate of po­
tassium applied as K 2S04 • 

A basal application of 1 00 kg N (as urea) 
per hectare was made at all sites. Phosphorus 
was applied at a rate of 75 kg P20 ,. at Pance 
and 1 00 kg P 20 5/ ha at Carimagua and Tran­
quero. Lime, which had a Ca/ Mg ratio of 
10/ 1.0 was applied at a rate of 0.5 ti ha at 
Carimagua and Tranquero. Zinc was applied 
at a rate of 5.0 kg/ ha as ZnS04 • Potassium, 
nitrogen, and sulfur ( at Tranquero) were split 
applicd in double bands, half at planting and 
half 2 months later at Pance and Carimagua. 
Thc second application was made 1 month 
aftcr planting at Tranquero to take advantage 
of the last rains. Half thc phosphorus was ap­
plied during the liming opcration and the rcst 
was applied at planting. All the zinc was ap­
plied at planting. 

A split-plot design with potassium sources 
as main plots and potassium rates as split plots 
was used at Pance and Carimagua. Potassium 

Table l. Characteristics of the soils at Pance, Carimagua, and Tranquero (0-15 cm). 

p A1 +++ Ca Mg K 
O.M. (Bray 11) so.=-s (meq/ (meq/ (meq/ (meq / 

(1 :1 H20) (%) (ppm) (ppm) 100 g) IOOg) 100 g) 100 g) 

Pance 5.6 5.0 2.4 9.0 9.7 5.70 0.1 1 
Carimagua 4.8 5.0 0.9 4.0 3.7 0.3 0.30 0. 13 
Tranquero 4.9 2.5 1.8 4.5 1.6 0.1 0.05 0.05 
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Table 2. Effect of potassium sources and rates of application on total plant fresh weight, root yield, and 
harvest index of cassava 40 weeks after planting at Pance, Carimagua, and Tranquero. 

Pan ce Carimaguaa Tranquero 

Total Total Total 
K plant Root plant Root plant Root 

K rate fresh wt yield fresh wt yield fresh wt yield 
so urce (K20 kg/ ha) (t/ ha) (t/ ha) (t/ ha) (t/ ha) (t/ ha) (t/ ha) 

KCI o 42.0 29.0 17.2 9.5 
60 47.6 31.0 8.5 4.5 19.4 11.4 
90 9.0 5.0 

120 54.8 40.0 8.5 4.8 24.4 15.7 
240 65.8 44.3 8.5 4.5 23.7 13.9 

K2so. o 46.6 31.3 
60 49.6 35.5 14.5 9.0 23.2 13.8 
90 15.0 9.0 

120 61.3 42.3 15.0 9.5 25.8 15.8 
240 62.5 43.4 18.0 11.5 30.3 19.0 

KCI +S 60 24.8 16.1 
120 22.8 15.2 
240 29.3 18.4 

aTbere was a serious out break of cassava bacteria! blight 2 months after planting. 

rales were main plots and potassium sources 
splil plols al Tranquero. There were thrce repl i­
cations at Pance and Tranquero and four 
replicalions al Carimagua. 

Mature slems of lhe cultivar Llanera were 
oblained from lhe CIAT farm al Palmira. 
These wcre cut into 20-25 cm lengths and 
planted in a vertical position on ridges. Spacing 
was 1.0 X 1.0 m giving a density of 1 O 000 
planls/ ha. The experimenls at Pance and 
Carimagua were planled on 3 April and 4 May 
1974, respeclively, al lhe beginning of lhc 
rainy season. The Tranquero expcrimenl was 
planled on 1 Oclober 1974, loward the end of 
the rains. Harvesting was carried out 40 weeks 
after planting at Pance and Carimagua and 38 
weeks after planling at Tranquero. Ten central 
plants constituted the harvesl sample at Pance 
and Carimagua. At Tranquero, 12 central 
planls were harvested. 

Data collecled included plant height. total 
plant fresh weight, root yield, and harvest in­
dex. At Tranquero, root number per plant, root 
size, and percentage marketable root yield werc 
also delermined. A marketable root weighed 
approximately 250 g. Leaf samples were taken 
for N and K analysis. Samples from Tranquero 
were also analyzed for sulfur. The fifth opened 
leaf from the top was the sample leaf. Root 
samples were taken at Tranquero, at h arvest, 

for N, K, S, and Cl analysis. The roots were 
washed, towel dried, and cut into small por­
tions to facilitate drying. The leaf and root 
samples were dried in a forced air oven at 
70 ·e for 15 h and ground in a small Wiley 
mili to pass a 40 mesh screen. Prior to grind­
ing, the leaves were separated into blades and 
pelioles. Nitrogen was determined by micro­
Kjeldahl, potassium by llame photometry, and 
leaf blade sulfur by the turbidimetric method 
of Tabatabai and Bremner ( 1970) . Root sulfur 
and chloride contents were determined by the 
Analytical Service Laboratory, Department of 
Agronomy, Cornell University. 

Results 
Growth 

Plant growth was vigorous at Pance and 
there were no significan! differences in height 
between plants in plots receiving potassium as 
K 2S04 and those receiving polassium as KCJ. 
At bolh Carimagua and Tranquero, plants in 
plots ferlilized wilh potassium as K2S04 were 
significanlly taller lhan lhose receiving potas­
sium from KCI. Plant height increased wilh 
potassium rates. 

Total plant fresh weight produced per 
heclare was greatly increased by polassium 
fertilization (Table 2). At both Carimagua and 
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Table 3. Influence of potassium sources and rates of application on potassium and nitrogen contents of 
various plant parts and size of roots. 

K content (meq/ 100 g) 
N content Size of 

K K rate 
Leafblades 

so urce (K20 kg/ ha) Pan cea 

KCl o 12.8 
60 18.7 

120 18.7 
240 20.5 

K2so. o 14.0 
60 15.4 

120 17.4 
240 25.6 

KCI+S 60 
120 
240 

asampled 24 weeks after planting. 
bSampled 32 weeks after planting. 
•Sampled 38 weeks after planting. 

Tranquerob 

25.6 
37.0 
42.2 
42.2 

37.1 
41.0 
42.2 

37.1 
41.0 
42.2 

Tranquero, plant fresh weight was significantly 
higher in plots receiving potassium as potas­
sium sulfate than that obtained in plots re­
ceiving potassium as potassium chloride. Plant 
fresh weight production increased with in­
creasing rates of potassium when K2S04 was 
the potassium source but decreased at the high­
est rate of potassium when KCI was the po­
tassium source at Carimagua and Tranquero 
but not at Pance. The KCI + S 'source' pro­
duced amounts of fresh plant material equal 
to those produced by the K2S0 4 source at 
equivalent potassium rates. 

Root Yield 
Potassium fertilization increased cassava 

root yields significantly over those of control 
plots at both Pance and Tranquero (Table 2). 
At Carimagua there were no control plots and 
rates of potassium higher than 60 kg K 20 / ha 
did not produce significantly higher root yields 
than the 60 kg/ ha rate (Table 2). The 
K 2S04 source produced significantly higher 
root yields than the KCI source at both Cari­
magua and Tranquero but not at Pance. The 
KCI + S 'source 'produced yields that were 
equal to those obtained from plots receiving 
potassium as K 2S04• This indicated that the 
main reason for the superiority of K2S04 over 
KCI as a source of potassium for cassava at 
Carimagua and Tranquero was its sulfur con­
ten!. 

Petioles Roots of roots (% ) roots (g) 

(Tranquero)~> (Tranquero)c (Tranquero)c (Tranquero)• 

10.2 7.7 0.71 226 
41.0 12.8 0.62 317 
56.3 15.9 0.64 341 
66.6 18.0 0.54 290 

33.3 14.6 0.51 300 
55.0 18.4 0.43 310 
64.0 20.5 0.47 375 

30.7 12.8 0.44 343 
56.3 17.0 0.54 300 
56.3 17.0 0.46 328 

There was a depression in cassava root yields 
at the highcst rate of potassium applied as KCI 
at Tranquero, but this did not occur when 
K 2S0 4 or KCI + S were thc sources of po­
tassium. Cassava root yields at Pance and 
Tranquero were positively correlated witb total 
plant fresh weight produced per hectare. 

Harvest Index 

At Carimagua, plants receiving potassium as 
K2S04 had higher harvest índices than those 
receiving potassium as KCI. Harvest index re­
mained relatively stable at all rates of potas­
sium applied as K 2S04 at Carimagua, but de­
creased at high rates of potassium when KCI 
was the potassium source. This difference could 
be attributed to the fact that CBB was initially 
more severe in KCI plots because of the less 
vigorous growth of the plants. Harvest index 
was not significantly affected by potassium 
sources or rates of application at Pance and 
Tranquero. 

Root Number 

Potassium fertilization did not have a signifi­
can! effect on the number of storage roots per 
plant and there were no differences among 
potassium sources on the number of storage 
roots produced per plant. 

Root Size 
The size of cassava roots was increased by 
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Table 4. Influence of potassium sources and rates of application on sulfur and chloride contents 
and nitrogen/ sulfur ratio of selected plant parts sampled at Tranquero. 

Sulfur content (% ) Chloride N/S ratio 
content 

K K rate 
Leafblade Roots ofroots (% ) Leafblade Roots 

so urce (K 20kg(ha) 12 wksa 24wks (38 wks) (38 wks) 12 wks 24 wks (38 wks) 

KCI o 0.27 0.34 0.06 0.05 17.7 15.1 12.0 
60 0.30 0.54 0.06 0.07 15.9 15.2 10.0 

120 0.27 0.30 0.05 0.09 18.9 16.9 12.8 
240 0.29 0.29 0.06 0.11 16.7 17.2 9.0 

K2so. 60 0.37 0.37 0.06 0.05 12.8 13.7 8.5 
120 0.37 0.33 0.06 0.06 13.6 15.2 7.2 
240 0.37 0.33 0.06 0.06 13.6 14.8 7.8 

KCI +S 60 0.31 0.38 0.05 0.06 16.1 13.3 8.8 
120 0.29 0.32 0.06 0.07 17.8 16.2 9.0 
240 0.30 0.35 0.05 0.09 17.0 15.1 9.2 

aNumber of weeks indicates time of sampling after planting. 

potassium fertilization. Potassium rates higher 
than the 60 kg K 20 / ha rate did not produce 
larger roots than those produced by plants re­
ceiving potassium at the rate of 60 kg K 20 / ha. 
Only the K 2S04 source produced consistent in­
creases in root size with increasing rates of 
potassium fertilizer. 

Percentage Marketable Root Yield 

Potassium fertilization increased percentage 
marketable root yield from 70 to over 80%, 
but the difference was not significant. There 
was no significant difference among potassium 
sources in percentage marketable root yield al­
though it was consistently higher in plots re­
ceiving potassium as K 2S04 compared to KCI 
plots. 

Potassium 
Leaf blade and petiole potassium contents 

are presented in Table 3, along with potassium 
contents of cassava root samples from Tran­
quero. There was a generally good relationship 
between soil applied potassium and the po­
tassium contents of the plant parts sampled. 
Petioles seemed to be more sensitive than either 
leaf blades or roots in detecting changes in the 
potassium status of cassava plants in relation 
to soil applied potassium fertilizer. The potas­
sium contents of leaf blade samples from Pance 
were lower than those of leaf blades from 
Carimagua and Tranquero. This was partly 
a dilution effect owing to the greater amount 

of plant material produced at Pance. The 
higher base status of the soil at Pance also 
probably r~sulted in a much greater uptake of 
calcium and magnesium by plants grown at 
Pance compared to those grown at Carimagua 
or Tranquero, thus reducing the concentration 
of potassium in plant cells (Ita! ti e 1948). 

Nitrogen 

Potassium fertilization did not have a signifi­
cant effect on the nitrogen content of the plant 
parts sampled (Table 3), except for root 
samples from Tranquero, which showed a 
marked reduction in nitrogen content as a re­
sult of potassium fertilization. 

Sulfur 
During th~ dry season, 8-20 weeks after 

planting at Tranquero, cassava plants in con­
trol plots and plots fertilized with potassium 
as KCI showed symptoms of sulfur deficiency. 
Leaves in these plots were small and had a yel­
lowish-green coloration. Plants in plots fertil­
ized with potassium as K 2S04 and KCI + S 
produced large green leaves. 

The sulfur content of leaf blade samples 
taken 12 weeks after planting increased when 
K~S04 and KCI + S were the sources of po­
tassium, but changed little when KCI was the 
potassium so urce (Table 4). At 24 weeks, 
leaf blade samples from plots receiving po­
tassium as KCI showed a slight decrease in 
sulfur content compared to samples from con-
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trol plots. Samples from plots receiving po­
tassium as K2S04 and KCI + S had sulfur 
contents that were higher than those of samples 
from KCI plots. There was no change in root 
sulfur content as a result of fertilization with 
sulfur bearing potassium sources. 

There was a general tendency for NIS ratios 
of leaf blades and roots to decrease with po­
tassium fertilization when K 2S04 and KCI + S 
were the sourccs of potassium. The N / S ratios 
widencd whcn KCI was the potassium source. 

Chloride 
Root samplcs taken from Tranquero showed 

a continuous increase in chloride concentra­
tion with incrcasing rates of potassium applied 
as KCI (Table 4). Root samplcs from plots re­
ceiving potassium as K2S04 had relatively 
stable chloridc concentrations at all rates of 
potassium. Root samples from plots receiving 
potassium as KCI + S showed increasing 
chloride contents with increasing potassium 
rates but to a lesscr extent than those from KCI 
plots. 

Discussion 
The general supcriority of potassium sulfate 

over potassium chloride as a source of potas­
sium for cassava at both Carimagua and Tran­
quero was due mainly to the sulfur content of 
potassium sul fate. The extractable sulfur con­
tents of the soils at both sites were low. At 
Pance where available sulfur was adequate, 
there were no differcnces in growth or yields 
between plants in plots rcceiving potassium as 
potassium chloride and those receiving potas­
sium as potassium sulfate. 

In the Campo Cerado of Brazil, where soils 
have similar characteristics as those encoun­
tered at Carimagua and Tranquero, young 
coffee plarits were reported to show sulfur de­
ficiency symptoms during the dry season 
( Frietas et al. 1972, Lott et al. 1960). Thesc 
soils had extractable sulfur contents that were 
generally lower than 3.0 ppm. This is in agree­
ment with the sulfur deficiency symptoms 
observed at Tranquero during the dry season. 
The growth and yield differences obtained in 
this study as a result of sulfur fertilization are 
in conformity with those obtained by Mc­
Ciung et al. ( 1959) who used soi l from the 
Campo Cerado in a pot experiment with Pearl 
Millet as the test crop. They obtained growth 
responses to sulfur fertilization generaiJy on 

soils with available sulfur contents of less than 
6.0 ppm. When soil S0=4-S was greater than 
8.0 ppm no growth responses were obtained. 
The rcsults from thc present study also confirm 
those obtained in a pot expcriment with cas­
sava grown on soil from Carimagua (CIAT 
1974). 

lt does appear that induced or aggravated 
sulfur deficicncy caused by an excessive uptake 
of chloride is one possible explanation for thc 
yield dcprcssions reportcd in the literature when 
high rates of potassium, as KCI , are applied to 
casava on soi ls that are low in sulfur. A toxic 
effect of the chloride ion per se does not appcar 
to be the cause of thesc yicld depressions nor 
does it seem to have serious ill effects on 
carbohydratc accumulation. In the present 
study, cassava root yields obtained from plots 
receivi ng potassium as KCI + S were equal to 
thosc obtaincd from plots receiving potassium 
as K 2S04 despite the higher chloride content 
of roots from KCI + S plots (Table 4). 

The great difference between cassava root 
yields obtained at Pance and those obtained at 
Tranquero was principally a result of the dif­
ferent ecological conditions encountered at thc 
two si tes. At Pance, besides the higher soil 
fertility status, thc climatic conditions wcrc 
more favourable for plant growth. Rainfall 
distribution was bettcr than at Tranquero 
wherc the plants endured a severe dry season 
of 3 months. At an altitude of 1000 metrcs, 
temperature conditions were more moderate 
than the 26-27 ·e mean annual tcm peraturc 
of the Tranquero arca. This would enable more 
carbohydratcs to be accumulated in roots 
( higher harvcst indcx) at Pan ce than at Tran­
quero whcre rcspiration would be highcr. Thus, 
although thc same cultivar was used at both 
sites and fertilizcr treatments were similar, thc 
greater amount of plant material produced at 
Pance coupled with a higher harvest index 
resulted in much highcr root yields being pro­
duced at Pance than at Tranquero. 

The fifth opencd leaf from the top appeared 
to be a reliable sample lcaf for detecting 
changes in the potassium status of cassava 
plants. The petioles were much more sensitive 
than leaf blades, and roots were the least sensi­
tive of the plant parts sampled. The suitability 
of leaf analysis as a basis for making fert ilizer 
recommendations for cassava will be treated 
in another paper. 

Although the sulfur contents of leaf blades 
and roots were not changed greatly by applying 
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sulfur bearing potassium sources, the N / S 
ratios of these plant parts were narrowed con­
siderably. This could mean that there was an 
increase in the proportion of sulfu r bearing 
amino acids in cassava leaf bladc and root pro­
tein since most plant sulfur has been reported 
to be in the protein form (Stewart and Porter 
1969). There is need for a more comprehcn­
sive invcstigation on the effects of sulfur fertil ­
ization on the nutritional quality of cassava 
leaf and root protein. 
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The Interaction of Lime with Minor Elements and 
Phosphorus in Cassava Production 

R. H. Howeler, L. F. Cadavid, and F. A. Calvo1 

Cassava appears to be a promising food crop for the acid and infertile soils of the 
Llanos Orientales of Colombia due to its tolerance to soil acidity. Large numbers of 
varieties have been screened for acid soil tolerance in plots receiving various amounts 
of lime. Most varieties responded posi ti vely to only minor applications of lime while 
showing a marked negative response to high liming rates. In a lime X minor element trial 
it was shown that liming significantly reduced the uptake of Zn. Mn. Cu. and B and that 
high liming rates reduced yields by inducing the deficiency of Zn and possibly Mn and B. 
Cassava appears to have a very high requirement for Zn. 

In an experiment studying the effect of lime on P-uptake. cassava responded to P 
mainly at low liming rates, whereas at high liming rates the response to P was reduced. 
Thus, liming may improve the availabi lity of soil P and reduce the fixation of appl ied 
P. At low liming rates cassava responded markedly to applications as high as 200 kg 
P,O,/ ha as TSP; the basal application was consistently superior to a split application, 
while the method of application did not affect yields significantly. 

The Eastern P lains (Llanos Orientales) of 
Colombia are presently underutilized for agri-

ICassava Soils Program, Centro Internacional 
de Agricultura Tropical, Cali, Colombia. 

cultural production because of extreme soil 
acidity and infertility. Soils with simi la r charac­
teristics are found in large areas of the 
Venezuelan Llanos a nd the Campo Cerrado of 
Brazil . Presently they are utilized mainly for 
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Fig. J. Effect of liming on the average yield of 
134 cassava varieties, the 20 best varieties, and 
the highest yielding variety CMC 172. 

extensive beef production, while small plots of 
food crops are grown in cut and burned 
forests that intersect the predominant savanuah 
vegetation. Cassava and plantain are the most 
commonly grown crops. 

During severa! years of investigation at 
Carimagua, a research station in the centre of 
the Llanos, it was found that cassava and 
cowpea are among the most acid-soil tolerant 
crops, while corn, sorghum, beans, and severa! 
rice varieties are extremely susceptible to soil 
acidity. The acid-soil tolerance is very im­
portant considering the high cost of transporta­
tion of lime in an area where roads are nearly 
nonexistent. 

Materials and Methods 
The soils where the experiments were con­

ducted are classified as oxisols (Guerrero 
1971) , ha ve good interna! drainage, and the 
texture is a clay loam. The soil is extremely 
acid (pH 4.5) , low in P, K, Ca, and Mg, while 
exchangeable Al occupies about 85% of the 
effective cation exchange capacity. 

Experiment 1: The Response of 134 
Cassava Varieties to Application of Lime 

To evaluate the acid-soil tolerance of cas-
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Carimagua-1974 
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o.__~.__.....__ ____ __. 
o 112 2 

Lime application 

6 

(ti ha) 

Fig. 2. The response of cassava to lime with 
and withoutthe application of 20 kg/ ha of Zn. 

sava, a largc number of varieties were grown 
in double rows of 6.25 m length across four 
plots having lime treatments of O, 0.5, 2, and 6 
t/ ha. The lime was applied as a mixture of 
calcitic limestone and MgO with a milliequiv­
alent Ca:Mg ratio of 10:1. The plots were 
fertilized with 140 kg N, 100 kg P20~, and 
200 kg K20 / ha as urea, triple superphosphate 
(TSP), and KC!, respective! y. The tria! was 
harvested after 9 months due to disease prob­
lems of cassava bacteria! blight (CBB) and 
superelongation. 

Experiment 11: The Interaction of Lime 
and Minor Elements 

To study the effect of lime on minor element 
availability, the same four lime treatments as 
described under experiment 1 were combined 
with the following minor element treatments in 
subplots: lO and 20 kg Zn/ ha as zinc sulfate, 
1 O kg Cu/ ha as copper sulfate, 1 O kg M n/ ha 
as manganese sulfate, 2 kg 8 / ha as R-64, 
and 200 g Mo/ ha as ammonium molybdate. A 
constant fertilization consisted of 100 kg N, 
100 kg P20 5 , and 200 kg K20 / ha applied as 
urea, TSP, and KC! + K2S04 ( 1: 1) , respec­
tive! y. Chirosa was used as the test variety and 
harvested at 1 O months. 



HOWELER ET AL: THE INTERACTION OF LIME 115 

Carimagua-74 6 t lime/ ha 

16 ~ r-

-ro 
.e 12 ....... -
"' 

~ - e - - :::2 
...- + 

r- o 
:::2 
+ 

Q) al 

>- 8 + 
~ 

ro ü 
> + ro 
(/) 
(/) 4 ro 

~ 
C\j 

1 ~ e e ~ o e 
N N ü al :::2 :::2 N 
+ + + + + + + 

ü ~ ~ ~ ~ ~ ~ ~ ~ 
ll- ll- a. a. a. a. a. a. 
z z z z z z z z 

o 
Fig. 3. The response of cassava ro rhe applica­

tion o/ minor elements ara liming rateo/ 6 tl ha. 

Experiment 111: The lnteraction of Lime 
and Phosphorus 

To study the effect of liming on the response 
of cassava to P-application, five Ievels of lime 
(0, 0.4, 4, 8, 16 ti ha) were combined with 
three levels of P (0, 50, 100 kg P2 0 :/ha as 
TSP) in the subplots. The plots were fertilized 
with N and K as described in experiment 1 
and harvested after 1 O months. Chirosa was 
used as the test variety. 

Experiment IV: The Effect of Vario os 
Levels, Methods, and Time of Application 
of Phosphorus 

Using a split-split plot design, four P levels 
of 50, 100, 150, and 200 kg P20 5 / ha in the 
main plots were combined with two times of 
application ( 1 00% at seeding and 50 % at 
seeding and 50% at 3 months) in the subplots; 
three methods of application (broadcast, band, 
and circle applied TSP) were used in the sub­
subplots. Zero-P checks constituted additional 
treatments. All plots received 0.5 t of lime/ ha 
and 100 kg N and 200 kg K20 / ha as urea and 
KCI + K2SO~, respectively. Llanera was used 
as the test variety. The trial was harvested after 
10 months. 

Results and Discussion 

Experiment 1 
The application of 0.5 t lime/ ha did not 

have much etfect on pH or exchangeable Al 

content but was meant mainly to supply Ca 
and Mg for crop growth. With the application 
of 6 t lime/ ha the pH increased to 5.3 and the 
Al dccreased to 0.8 meq/ 1 00 g, a leve! at whicb 
most crops do not suffer from Al toxicity. 

Fig. 1 shows the average response to liming 
of 1 34 varieties, tbe best 20 varieties, and the 
highcst yielding variety, CMC 172. Sorne 
varieties showed a positive response to 2 t 
lime/ ha, but the majority showed a positive 
response only to 0.5 t lime/ ha with a marked 
negative response to higher lime applications. 
At high lime application rates many varieties 
were stunted and had chlorotic and deformed 
growing points. 

Analyses of the uppermost fully expanded 
leaves of four varieties showed tbat liming in­
creascd the Ca and Mg contents while de­
creasing the K, Mn, and Zn contents. Zinc 
levels were in the deficiency range ( < 50 ppm) 
at all liming rates, but were Iow enough to re­
sult in deficiency symptoms ( < 20 ppm) only 
at the highest Iiming rate. Thus the problem 
appeared to be a lime-induced Zn-deficiency. 

Experiment 11 
Fig. 2 shows the response of the Chirosa 

variety to liming in the absence and presence 
of soil-applied Zn. Although yields are rather 
low due to a CBB attack later in the growing 
season, it is clear that this variety responded 
positively to liming up to 2 t / ha in the absence 
of Zn and up to 6 t/ ha in the presence of Zn. 
The high Zn treatment was the only minor 
element treatment resulting in a positive re­
sponse beyond 2 t/ha of lime. This confirms 
thc observation that the yield reduction at high 
lime levels was due to induced Zn-deficiency. 
Leaf analyses at 2 months of age again showed 
that Zn, Mn, Cu, and B levels declined with 
Iiming. Zn levels in the absence of soil-applied 
Zn were relatively high in this variety, but 
reached deficiency levels at the 6 t lime treat­
ment. No deficiency symptoms were observed. 
In the prescnce of 20 kg Zn/ ha, Zn content 
also declined markedly with liming but did not 
reach the deficiency range even with the high­
est lime treatment. The yield response due to 
minor e\ement treatments at the highest lime 
leve! indicated that the application of each 
minor e lement except Mo increased yields, but 
only the increase due to the high Zn-treatment 
was statistically significant (Fig. 3). 

A recently established tria! of the response 
of 45 cultivars to Iiming in the presence of 20 
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Fig. 4. The response of cassava to the applica­
tion of lime and phosphorus (numbers on the 
curves indica te P applicarion rafes in kg P,OJ ha). 

kg/ ha soil-applied Zn showed that the average 
plant height was positively atfected by Iiming 
rates up to 6 t/ha. Not one variety showed Zn 
deficiency symptoms at this lime level. Thus 
cassava appears to respond positively to 
liming, like other crops tested, but appears 
highly susceptible to deficiency of Zn and pos­
sibly other minor elements. Still the crop grows 
well with no or little lime applied in com­
parison with corn and beans ( CIA T 1972). 

Experiment 111 
Fig. 4 shows the response of the variety 

Chirosa to lime and phosphorus application. 
Although yields are low due to disease prob­
lems and an early harvest , it is clear that the 
crop responded positively to only the low lime 
treatment of 0.4 t/ha with a negative response 
to higher liming rates. This again is due to 
lime-induced Zn deficiency. 

At the low liming rates there was a clear 
response to the application of P , whíle at higher 
liming rates there was less response to P; at the 
16 ti ha lime leve! there was no P response at 
all. Liming probably did improve the avail­
ability of P, but its elfect was confused be­
cause of Zn deficiency, which may have been 
aggravated by the application of P. 

Experiment IV 
Fig. 5 shows the response of the Llanera 

variety to different levels and times of applica­
tion of P as TSP. There was a marked positive 
response to Ievels as high as 200 kg P2 0 5/ ha, 
but the major response occurred in the first 
increment with the application of 50 kg 
P20 5 / ha. The basal application of all the P at 
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Fig. 5. Tite response o! cassava to five levels 
and two times of application of P (average of three 
merhods of app/ication). 

the time of seeding was consistently superior to 
the split app!ication at seeding and at 3 months. 
There were no significant dilferences among 
methods of application, i.e. broadcast, band, 
or circle applied TSP. This is not true, how­
ever, for all P-sources. A recent tria!, not yet 
harvested, indicates that the broadcast applica­
tion of basic slag is highly superior to its band 
application. 

Conclusions 
In acid soils like those of the Llanos Ori­

entales of Colombia many cassava varieties 
respond to modest liming rates while sulfering 
from minor element ( especially Zn) defi­
ciencies at high rates. A positive response to 
high liming rates could only be obtained in 
combination with relatively high applications 
of Zn. 

High Iiming rates appear to reduce the re­
sponse of cassava to soil applied-P. H owever, 
at low liming rates, cassava responded very 
markedly to levels as high as 200 kg P 20 5/ ha. 
Basal application of TSP was superior to its 
split application, whereas the method of ap­
plication did not significantly affect yield. 
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Phosphorus Requirement of Three Sweet Potato Cultivars 

C. J. Rendle and B. T. Kang1 

Sweet potato cultivars Tib 3, Tib 4, and Tis 2534 were grown in a Shante soil series 
at seven levels of phosphorus concentrations in a soil solution ranging from 0.01 to 1.6 
ppm P. 

Differential response and externa! P requirement were apparent between the cultivars. 
At 0.01 ppm P, over 70% of the maximum yield was obtained with the three cultivars. 
Yields of 95 % occurred at 0.05, 0.10, and 0.15 ppm P, respectively, for the cultivars 
Tib 3, Tib 4, and Tis 2534. 

Tissue phosphorus concentrations of 0.22% in the blade and 0.08% in the petiole 
of the index leaf at 9 weeks after planting appeared to be sufficient for 95% yield for the 
three cultivars. 

The phosphorus response of sweet potato 
has generally been reported as small or in­
significan!; however, in sorne instances, Iarge 
responses of 50% and above have been ob­
served. Soil data are usually not included in 
these reports, so meaningful generalization is 
difficult. 

Fox et al. ( 1974) attempted to determine 
more generally applicable parameters, basing 
their experiments on soil solution criteria, 
rather than on rates of fertilizer applied. They 
observed that sweet potato yielded 75 and 95 % 
of the maximum yield with 0.003 ppm P and 
0.1 ppm P in the soil solution concentration, 
respective! y. 

The work presented here uses the soil solu­
tion criteria to determine the phosphorus re­
quirement of three sweet potato cultivars in a 
pot experiment. 

Materials and Methods 
The experiment was conducted as a ran­

domized complete block design with three 
replications. Three sweet potato cultivars Tib 3 

1International Jnstitute of Tropical Agricul­
ture, PMB 5320, Ibadan, Nigeria. Part of MSc 
tbesis presented by tbe senior autbor, University 
of Reading, Reading, U.K. 

( early maturing, relatively low yielding) , Tib 4 
( intermediate maturing) , Tis 2534 (late ma­
turing, high yielding) , and 7 externa! phos­
phorus concentrations were studied in the ex­
periment. 

Twenty kilograms of a Shante soil series 
(Quartzsipsamment, USDA) was used per pot. 
The soil has the following properties: loamy 
sand texture; pH 5.8 ; Org. C 1.2%; CEC 3.04 
meq/100 g; Bray P 3.3 ppm. Phosphorus 
( finel y ground single superphosphate) was ap­
plied at planting at rates of O, 3, 6, 8, 12, 15, 
and 28 ppm P. These rates were based on the 
phosphorus absorption isotherm of the soil to 
provide equilibrium soil solution concentra­
tions of 0.01, 0.025, 0 .05, 0.1 , 0.2, 0.4, and 
1.6 ppm P. Each pot a lso received before 
planting 100 ppm N, 1 O ppm S, !50 ppm K, 
and 2 ppm Zn as NH4 N03 , (NH4hS04 , KCI, 
and Na2 EDTA. A further 25 ppm N as 
NH4N03 , 50 ppm K as K 2S04 , and 10 ppm 
Mg as MgS04 were added 10-12 weeks after 
planting (WAP). 

Six plants were planted per pot and watered 
with deionized water. At 4 WAP plants were 
staked. One plant was harvested from each pot 
at 3, 5, 7, and 11 WAP. For each treatment, 
plants of the three replications were combined, 
separated in leaf blades, petioles, and stems, 
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Fig. l . Average dry matter weight of various plan/ parrs of the three cultivars at various stages 
o/ growth. 

and dried at 65 ·e for dry weight phosphorus 
determination. At 9 WAP, index leaves con­
sisting of the 4th fully expanded leaf from the 
top were collected from 8 vines per pot. They 
were separated in leaf blades and petioles, and 
dried at 65 •c. The remaining two plants per 
pot were harvested at 19 W AP. Leaf blades, 
petioles, stem, and tubers were separated. Sub­
samples were taken and dried at 65 ·e for dry 
weight and phosphorus determination. 

For phosphorus determination, plant sam­
ples were wet digested in a nitric-perchloric 
acid mixture. The digests were analyzed for 
phosphorus content using reduced molybdo­
vanadate complex. 

Results and Discussion 
Dry Weight of Tops 

There appears to be no distinct relationship 
between the phosphorus treatments and the 
leaf blade, petiole, and stem weights of the 
three cultivars sampled at 3, 5, 7, 11 , and 19 
WAP (data not presented) . Although there is 
a tendency for the dry weight of the plant parts 
to increase with phosphorus application, no 
significant differences were observed between 

the treatments due to the high variability of the 
results. 

The dry weights of the plant parts as aver­
aged for the various phosphorus treatments 
are shown in Fig. l. The dry weights of the leaf 
blades and petioles and their increases with 
time are similar for the three cultivars. The 
lower stem weight of cultivar Tib 4, in com­
parison with the other two, reflects the shorter 
growth habit of this cultivar. 

Dry Weight of Tubers 
The relationship between externa! phos­

phorus concentration and tuber dry weight is 
shown in Fig. 2. Cultivar Tis 2534 gave the 
Jargest response to phosphorus, only 73% of 
maximum yield was obtained from the control, 
compared with 78 and 88 % for cultivars Tib 
4 and Tib 3, respectively. All these responses 
are relatively low, and are in agreement with 
the findings of Fox et al. ( 1974). The 95 % 
yield levels for cultivars Tib 3, Tib 4, and Tis 
2534 occur at fertilizer levels designed to give 
externa! phosphorus concentrations of 0.05, 
0.1, and 0.15 ppm P , respectively. 

Although sorne caution should be exercised 
in extrapolating these results to field condi­
tions, it seems clear, however, that there are 
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Fig. 2. Relationship between externa/ phosphorus concentration and tuber dry weight of three 
sweet potato cultivars. 

differences in the phosphorus externa! require­
ments and responses between the three culti­
vars. The observed range of soil solution con­
centrations, required to give 95 % yields of 0.05 
to 0.15 ppm P, falls close to the 0.1 ppm P 
leve! reported by Fox et al. ( 1974) for field 
conditions. 

Dry Matter Percentage of Tubers 
There was no significant effect of phos­

phorus treatment on the dry matter percentage 
of the tubers. Large differences existed between 
cultivars. The average dry matter percentage 
of the early maturing Tib 3 tubers was only 

20%, while that of each of the other two culti­
vars was 30%. 

Phosphorus Concentration in Plant Tissue 
No distinct relationship was observed be­

tween the phosphorus content of the leaf blades 
and petioles at the various harvesting dates for 
the three cultivars and tuber yield. However, 
data for phosphorus content for index leaves 
collected at 9 WAP, shown in Fig. 3 and 4, 
showed significant relationship with the relative 
tuber yields as well as with the externa! phos­
phorus concentrations. From data presented in 
Fig. 3 it appears that the phosphorus content 



120 TROPICAL ROOT CROPS SYMPOSIUM 

,.----PET IOLESs----,_.----LEA F BLADES-----.. 

10 

95 

~ 90 
o 

o 
_j 
w 85 
>-

w 
> 80 ti 
_j 

w 
0::: 

75 

• 

o o 
"'TIS 2534 
o TIB 4 
• TIB 3 

70~~--~~~--~-r~~~~--~~--~~~--~ 
o ·02 ·04 ·06 ·08 ·10 ·12 ·14 ·16 ·18 ·20 -22 ·24 ·26 ·28 -30 

PHOSPHORUS CONTENT TI SSUE , % 
Fig. 3. Relationship between relative tuber yield and phosphorus concentra/ion in petioles and 

lea! blades o! index leaves. 

in the petioles is better correlated with tuber 
yield than with those in the leaf blades. This 
suggests that petiole phosphorus concentration 
makes the most useful index. This is also in 
agreement with results obtained from field 
trials conducted at liT A (de Groot et al., un­
published data). In general, the phosphorus 
content of the petioles of cultivar Tis 2534 is 
Iower than those of the other two cultivars for 
the same externa! phosphorus concentration 
indicating that the critica! phosphorus concen­
tration in the petiole may be independent of 
cultivar (Fig. 4). From the data presented in 
Fig. 3, it is estimated that about 0.08% P in 
the petiole and about 0.22% P in the leaf 
blade is sufficient for 95% yield, but these 
figures may be slightly higher than the critical 
le veis. Spence and Ahmad ( 1967) quote 0.1% 
P as the deficiency threshold for sweet po-

tatoes. However, they used whole shoots to the 
ninth node for their analyses, and their thresh­
old was the appearance of visible deficiency 
symptoms rather than yield reduction as used 
here. 

Conclusions 
Differential responses to phosphorus were 

observed among the three cultivars. The re­
sponses, however, were relatively small, be­
tween 73 and 88% ofthe maximum yield being 
obtained in the unfertilized, low phosphorus 
soil for the three cultivars. 

The externa( phosphorus concentrations re­
quired for 95% of the maximum yield were in 
the range of 0.05-0.15 ppm P, close to the 0.1 
ppm P leve! found by other workers. A leve! of 
0.08% P in the petioles and 0.22% P in the 
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blades of index leaves at 9 WAP indicates that 
phosphorus is not limiting, though a slightly 
lower value may be sufficient. The petiole is 
suggested as a better index than the leaf blade 
for monitoring phosphorus status by tissue 
analysis. 

The project was made possible by financia! 
assistance from the International Minerals and 
Cbemical Corporation. The aut.bors also acknowl-

edge the assistance of Dr R. L. Fox for providing 
the P-sorption isotherm data of the soil . 
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Effect of Farm Yard Manure and NPK on Cassava 
C. R. Moban Kumar, R. C. Mandal, G. M. Nair, and N. HrishP 

Exploitation of hybrid vigour in cassava showed the genetic potential for nutrient 
utilization and improvement of the total biological yield. 

Significan! tuber yield increases were obtained by the application of farm yard 
manure in combinalion with nitrogen, phosphorus, and potash. Farm yard manure with 
nitrogen, or a combination of nitrogen, phosphorus, and potash were tbe next best 
treatments. Tbe lowest tuber yields were recorded in the phosphorus or potash treated 
plots. 

Bitterness of the tuber was increased by the application of farm yard manure and 
nitrogen, whereas potash reduced it. 

Severa! cassava hybrids evolved at tbe 
Central Tuber Crops Researcb Institute, Tri­
vandrum, have recorded two- to threefold in­
creases in yield compared to the local varieties 
(Magoon et al. 1970). Cassava is an exhaustive 
crop, and the soil becomes depleted very 
quickly by repeated cultivation. Therefore, it 
is essential to maintain productivity of the 
soil so that the genetic potential of the hybrids 
for high yields can be exploited. In a tria! con­
ducted with varying levels of farm yard 
manure (FYM) ranging from O to 25 t/ha, 
the tuber yield increased significantly up to 
15 t/ ha, butl2.5 ti ha FYM was found to be 
the optirnum. Similarly, testing Ievels of nitro­
gen ranging from O to 200 kg/ ha showed a re­
sponse to nitro gen up to 125 kg/ ha. In another 
tria! conducted with varying Ievels of potasb 
(0-150 kg K20 / ha) , tuber yield was signifi­
cantly increased up to 100 kg K20/ba, 
beyond which there was a gradual decline in 
yield. Thus, based on extensive manuring 
trials, adose of 12.5 t/ha FYM and NPK at 
100 kg/ ha was found to be economical for 
maximizing the yield of promising hybrids 
(Manda! et al. 1971, 1973; Mohan Kurnar et 
al. 1971 ) . The present investigation was un­
dertaken to determine the response of cassava 
to FYM and NPK alone and in combination 
on growth, yield, and quality of cassava. 

Materials and Methods 

A replicated manuring experiment was con­
ducted during 1973 and 1974 using the hybrid 
H-226 on the Institute farro where the soil is 
an acid Iaterite. The treatment combinations 
were as follows: (1) FYM, N,P,K , alone; (2) 
N+ P, N+ K , P +K, and N + P +K; (3) 

lCentral Tuber Crops Research lnstitute, Tri­
vandrum, 695017, India. 

FYM plus either N, P, K, NP, NK, PK, or 
NPK; and (4) control (no rnanure) . 

Farm yard manure (12.5 t/ ha) and NPK 
( 100 kg/ ha) each were applied in respective 
treatmcnts. Planting was during May/ June 
and harvesting during February/ March ( 10 
months after planting) . 

Observations on plant height and number of 
Ieaves produced and retained per plant were 
taken at different stages of growth. D ata on 
number of tubcrs per plant, mean size of 
tubers, and the tuber yield (t/ha) were re­
corded at harvest. Qualitative characteristics 
like carbohydrate content, HCN content, and 
cooking quality of tubers were analyzcd by 
standard rnethods. 

Results and Discussion 

The observations on plant height, total 
number of Ieaves produced per plant, and the 
number of leaves retained were taken during 
growth and at maturity. 

Plant Heigbt 
Application of nitrogen alone or in combi­

nation with P and K significantly increased 
plant height. Further significant increase in 
height was achieved by the addition of FYM. 
H owever, application of K and P alone or in 
combination reduced height considerably 
(Fig. 1). 

Leaf Production and Retention 
Maximum Ieaf production ( 319 per plant) 

and retention (64 per plant) were observed in 
treatment FYM + NPK. Thc effect of N alone 
and in combination with P or K was also pro­
nounced, whereas the application of K alone 
recorded tbe lowest leaf production ( 214 per 
plant) i.e. 33% reduction over FYM + NPK 
(Fig 2a, b). 
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Tuber Yield, Size, and Number 
The mean tuber yield, tuber size, and tuber 

number per plant are presented in Table l . lt is 
clear that N alone or in combination with P 
or K has a significan! effect on tuber yield. 
Similar trends were observed in the case of 
tuber size, which agrees with the reports of 
Singh et al. ( 1973) in Dioscorea afata. A 
significan! effect of K on production of more 
tubers was al so observed (Table l). The eo­
hancement of tuber production with the ap­
plication of K was recorded by Dean ( 1971 ) 
for sweet potato. However, the treatment 
FYM (12.5 t/ha) + NPK (lOO kg/ ha) gave 
a significant increase in yield over other treat­
ments. 
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HCN and Starch Content of Tuber 
The data on tuber analyses (Table 2) re­

vea! that the HCN content of the tubers was 
increased in treatments FYM, N, and FYM + 
N, whereas the starch content of the tubers 
showed an increasing trend with the applica­
tion of potash. Similar observations of in­
creased levels of HCN in cassava tubers with 
FYM application were recorded by Thomas 
Kurien et al. (1975). 

Cooking Quality of Tuber 
Organoleptic tests on cooked tubers indi-

Table l. Tuber yield (tjha), tuber size (g), and tuber number/ plant. 

0 / FYM N p K NP KK PK NPK S.E. 

Tuber yield (t/ ha) 
Without FYM 15.8 18.7 17.0 15.2 19.7 22.4 18.1 24.0 ± 0.655 
With FYM 18.6 24.4 18.6 18.2 24.1 23.2 21.6 27.1 ± 1.84 

Tuber size (g) 
Without FYM 187 235 205 170 262 253 184 276 ±8.94 
With FYM 220 299 233 206 294 295 240 294 ± 25.10 

Tuber no./ plant 
Without FYM 5.02 5.04 5.31 5.63 5.64 6.19 6.15 6.27 ± 0.227 
With FYM 5.52 5.78 5.61 6.05 5.97 6.31 6.57 6.87 ± 0.638 
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Table 2. Etfect of FYM and NPK on HCN and starch content of tubers. 

0 /FYM N p 

HCN ú.cg/ g) 
Without FYM 103 175 98 
With FYM 11 3 180 120 

Starch content ( %) 
Without FYM 25.7 24.0 25.8 
Wíth FYM 25.1 25.0 25.4 

cated that N alone or FYM + N gave a bitter 
taste and a harder texture. On the other hand, 
K alone or P + K gave a nonbitter taste and a 
softer texture. 

lt may be concluded that though nitrogen 
significantly increased tbe tuber yield, it con­
siderably aJiected cooking quality, particularly 
taste. However, the addition of P + K toN irn­
proved the quality. 

The authors are tba.nkful to Smt K. R. 
Lakshmi for helping in statistical analysis of the 
data and to Shri C. S. Antonisamy for preparing 
the grapbs. 
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Mineral Nutrition of Cassava and Adaptation to Low Fertility 
Conditions 

D.G. Edwards, C. J. Asher, and G. L. Wilson1 

In experiments using solution culture techniques, cassava was shown to be more 
toleran! tban maize and soybean to low pH and high levels of aluminium and manganese. 
The requirements for potassium, nitrogen, and calcium for maximum growth are 
comparable to other crops. In the case of phosphorus, the needs are bigher than other 
crops. Nevertheless the data show tbat cassava tolerates low calcium, nitrogen, and 
potassium in tbe root zone better than otber crops. The plant has an ability to bulk roots 
at low phosphorus levels. 

Cassava has earned a reputation for being 
well adapted to soils of low fertility. Thus, the 

lOepartment of Agriculture, University of 
Queensland, S t. Lucia. Queensland 4067, Australia 
(0. A. Forno, G. A. Gunatilika, A. K. M. S. 
Islam, S. Jintakanon, C. E. Lee, and S. N. Spear 
contributed to the research program). 

ability of cassava to produce sorne yield, albeit 
low, in subsistence agriculturc systems on soils 
of low fertility status has contributed greatly to 
its success over other staple food crops. Despite 
claims that cassava cultivars adapted to low soil 
fertility conditions show reduced ability to re­
spond to fertilizer application, the results of 
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many experiments show that cassava yields in 
low fertility areas can be raised substantially 
through improved crop nutrition. Jacoby 
( 1965) reported strong differences among 
cultivars in responsiveness to fertilizer appli­
cation, whereas Spain et al. (1974) found 
large differences in fresh root yields of cassava 
cultivars grown at four different lime rates. 

The major soils used for cassava production 
in Latin America, Africa, and Southeast Asia 
are moderately to strongly acid oxisols and 
ultisols located in the tropics. In addition to their 
inherently low fcrtility, many of these soils ex­
hibit limited production potential because of 
acid soil infertility. Problems of low pH, alu­
minium and manganese toxicities, molybdenum 
and calcium deficiencies, and low phosphorus 
and potassium availability have been reviewed 
recen ti y ( Kamprath and Foy 1971, Pearson 
1975). Results from liming experiments ha ve 
indicated that large genetic ditferences in acid 
soil tolerance exist among cassava cultivars 
(Spain et al. 1974) . 

Work conducted at the University of 
Queensland during the past 5 years has been 
particularly directed toward understanding the 
nature of the adaptation of cassava to low 
fertility situations. In addition, physiological 
ditferences between cultivars in nutrient re­
sponse have been studied using stem tip cut­
tings raised using a mist propagation pro­
cedure. Substantial effort has also been directed 
toward recording and describing symptoms of 
nutritional disorders of cassava. 

Methods 
Most of this work was conducted in dilute 

continuously flowing solution cultures. Use of 
this technique allows plants to be grown under 
conditions in which the root environment is 
closely defined with respect to temperature, 
pH, and nutrient ion concentrations. In as 
much as the solution concentration does not 
decrease with time as a result of plant uptake 
the system is analogous to that of a well-buf­
fered soil (Loneragan 1968). Using this tech­
niquc, experiments have been conducted to 
compare the etfects of a range of constan! 
solution pH's and constant concentrations of 
Al, K, Ca, N03 , NH4 , and P on the growth of 
cassava and other selected species. Interest has 
centered upon the nature of the response 
curves, both in terms of plant growth and 
nutrient absorption. Of particular significance, 

however, are the solution concentrations at 
which thc growth of cassava and other species 
are restricted, with or without any symptom 
expression. 

In current work, attempts are being made to 
test the conclusions from flowing culture ex­
periments on cassava and other species using 
a highly buffered soi l that has been adjusted 
to a wide range of equilibrium soil solution 
concentrations. 

In an experiment on root bulking, plants were 
grown in large pots of nutrient solution (22 1) 
to which frcquent small additions of phospho­
rus werc made to ensure the plants either had a 
nonlimiting supply of the element throughout 
the experiment or were subject continuously 
to moderate or severe phosphorus stress. This 
techniquc referred to as " programmed nutri­
ent addition" has been used successfully with 
other crops (Asher and Cowie 1970). 

In still other experiments, conventional solu­
tion culture techniques employing small vol­
umes (2.2 1) of relatively concentrated nutrient 
solution ( e.g. Hoagland-Arnon solution) ha ve 
been used in the study of nutrient deficiency 
and toxicity symptoms and in establishing 
critica! tissue nutrient concentrations for the 
growth of cassava. 

Results 
Response to Solution pH 

Etfects of solution pH ranging from 3.3 to 
8.5 on the relative whole plant yields of cassava 
(cv. Nina), maize, and tomato are shown in 
Fig. l. This experiment was conducted in the 
flowing solution culture units with pH auto­
matically controlled to within ±0.1 pH of the 
designated value and with the concentrations 
of al! essential elements maintained at adequate 
levels. Al! species were grown for 4 weeks be­
fore harvest. The pH optimum of cassava is 
quite normal, at about 5.5. However, more 
significan! is the higher relative yield of cassava 
at the lowest solution pH values. 

These results suggest that cassava possesses 
a greater tolerance to high hydrogen ion con­
centration per se (low pH) than either tomato 
or maize. 

Response to Solution Aluminium 
Concentrations 

Cassava, maize, and soybean were grown in 
flowing solution culture at six aluminium con­
centrations ranging from O to 160 JLM. The 
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Fig. l. Effect of nutrient solution pH on relative 
yield o/ cassava, maize, and tomato. 

solution pH was maintained at 4.2 ± 0.1 for 
the duration of the experirnent. The response 
curves indicate that cassava is, on average, 
more tolerant to high solution aluminium con­
centrations than either maize or soybean 
(Fig. 2). At high solution aluminium, no ob­
vious symptoms of root injury were exbibited 
by any of the cassava cultivars, whereas the 
roots of both maize and soybean showed severe 
injury symptoms, notably stunted and irregular 
lateral root development. 
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Fig. 2. Relative dry matter yield of whole plants 
as a fun ction o/ concentrations of aluminium in 
solution. 

However, considerable variation in yield re­
sponse to aluminium was found to exist among 
the three cassava cultivars studied. Cultivar 
CUQ2 achieved maximum yield at the high­
est aluminium concentration, while cultivar 
CUQS showed considerable sensitivity to the 
higher aluminium concentrations. All three 
cultivars showed a positive yield response to 
low concentrations of aluminium. The mech­
anism responsible for this effect is not known 
despite a previous report of this effect in pas­
ture legumes tolerant to high solution alumin­
ium concentrations (Andrew et al. 1973) . 
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Table l . Externa! solution concentrations (.umol/litre) 
of potassium, calcium, nitrogen (ammonium and 
ni trate forms), and phosphorus required for maximal 

growth of cassava and four other crops. 

Element (or ion) 

K Ca NH4 N03 p 

Cassava 
Iowest 
con c. 8(9)• 101(2)b 7(1) 525(3) 50(6) 

higbest 
conc. 125(3) 489(5) 5100(8) 127(6) 

Soybean 1035 0.7 
Maize 8 3 7 52 3 
Sorghum 10 489 525 
S un-

flower 32 101 29 525 

•Figures in brackets indicate number of cultivars 
reaching maximal growth a t the specified concentration. 

bBoth cultivars reached maximum yield at the 
same concentration. 

The results obtained indicate that cassava 
cultivars show a range of adaptation to high 
solution aluminium concentrations, with one 
cultivar showing behaviour similar to the poor­
ly toleran! maize and soybean, whereas the 
other two cultivars were much more highly 
toleran t. 

Manganese Toxicity 
No detailed studies of the tolerance of cas­

sava cultivars to manganese toxicity have yet 
been made. However, a recent conventional 
solution culture experiment with a single cul­
tivar CUQ2 suggests that very high external 
manganese concentrations ( > 2000 p.M) m ay 
be needed to cause recognizable symptoms and 
appreciable inhibition of growth. This growth 
inhibition was associated with a dramatic in­
crease in manganese concentration in the plant 
and the development of a very pronounced in­
terveinal chlorosis in the younger leaves. The 
fai\ure of Howell ( 1974) to obtain symptoms 
of manganese toxicity othcr than temporary 
leaf wilting on hot days may have been due to 
an insufficient co ncentration of manganese 
(1000 p.M) in the culture medium. 

These results imply that cassava may be well 
adapted to those acid soils in which manganese 
toxicity limits the growth of other crop species. 
More detailed studies are required to confirm 
tbis suggestion. 

Table 2. Relative yield of cassava and other crop 
species at the lowest constant solution concentrations 
(!'M) used in various Howing culture experiments. 

Cassava 
mean 
range 

Soybean 
Maize 
Sorghum 
Sunflower 

K 
(0.5) 

52 
32-71 

36 

43 

Element (or ion) 

Ca 
(0.5) 

26& 

2 
2 
3 
0.2 

NH4 
(0.4) 

40 
29-55 

7 
5 
9 

N03 
(0.4) 

20 
14-27 

6 
2 
3 

p 
(0.05) 

18 
12-26 
34 
21 

&Relative yield the same for each of the two 
cultivars studied. 

Extemal Solution Concentrations for 
Maximal Growtb 

The external solution concentrations of po­
tassium, calcium, nitrogen ( ammonium and 
nitrate forms), and phosphorus required at the 
plant root surfaces for m aximal growth of cas­
sava and four other crop species are presented 
in Table l . These data were obtained from a 
series of ftowing solution culture experiments 
in which the solution pH was held constant 
( usually at 6.0 ± 0.1) throughout the duration 
of the experiment. The number of cassava 
cultivars used in the individual experiments 
ranged from 2 in the calcium experiment to 12 
in the potassium and phosphorus experiments. 

For potassium, calcium, and ammonium 
nitrogen, the externa! concentrations needed 
for maximal yields of the cassava cultivars are 
roughly comparable with those required for 
maximal yields of the other species studied . 
However, for nitrate nitrogen and in particular 
for phosphorus, in general higher external con­
centrations were needed to achieve maximal 
growth of cassava than for the other crop 
species. Thus, in the case of nitrate, eight of 
the eleven cultivars only reached maxima\ yield 
at the highest concentra! ion studied (51 00 
¡..¡.M) , whereas non e of the other crop species 
required more than 525 ¡..¡.M for maximal yield 
(Table 1) . In the case of phosphorus, the con­
tras! between cassava and the other crops was 
even greater. Indeed, the concentrations 
needed for maximal growth ( 5o-I27 ¡..¡.M) are 
higher than those of any other species reported 
in the literature (Asher and Loneragan 1967) 
with the possible exception of potato (Hough­
land 1947). 
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Table 3. Concentrations of individual elements in the plant tops at the lowest 
continuously maintained solution concentrations (JJM). Plant concentra­

tions are expressed on a g/ 100 g dry weight basis. 

Element (or ion) 

K Ca N(NH4) N(N03) p 
(0.5) (0.5) (0.4) (0.4) (0.05) 

Cassava 
mean 0.68 0.23 1.30 1.38 0.08 
range 0.58-Q.82 O.IO-Q.35 n.a. n.a. 0.06-0.1 1 

Soybean n.d. 0.13 
Maize 0.89 0.23 0.70 1.20 0.10 
Sorghum 0.11 1.10 1.10 
Sunllower 1.04 n.d. 0.90 1.10 

NoTE: n.a.- not available; n.d.- not determined, insufficicnt material. 

The much higher solution requirements for 
phosphorus and nitrate exhibited by cassava 
suggest that, for maximum growth, cassava 
may require cven higher levels of soil fertility 
than othcr common crop species. 

Ability to Grow at Low External Nutrieot 

Conceotrations 

The relative dry matter yields of cassava and 
four other crop species grown in ftowing solu­
tion culture at the lowest solution concentra­
tions tested for potassium, calcium, nitrogen 
(ammonium and nitrate), and phosphorus are 
presented in Table 2. For calcium and both 
forms of nitrogen, cassava was outstanding in 
its ability to grow under externa! nutrient con­
centration conditions that drastically limited 
the growth of the othcr spccies. For example, a 
solution calcium concentration of 0.5 f-1-M re­
duced the yields of the other four crops to 
from 0.2 to 3% of maximum, whereas both 
cassava cultivars studied were able to achieve 
26 % of maximum yield in this treatment. In 
the case of potassium, where the deficiencies 
were not so sevcre in the other crops, cassava 
achieved a generally higher relati ve yield. 
However, cassava did not appear to possess 
any special advantage over the other species at 
the lowest phosphorus concentration. 

These data provide clear evidence that cas­
sava is able to tolcrate low calcium, nitrogen , 
and potassium in the root environment better 
than the other species. This adaptation could 
well be of considerable significance in the suc­
cess of cassava in low fertility field situations. 

Tissue Concentrations at Lowest Solution 
Concentrations 

T he concentrations of potassium, calcium, 
nitrogcn, and phosphorus in the plant tops at 
the lowest continuously maintained solution 
concentrations in the various individual ftow­
ing culture experiments are presented in Table 
3. The mean concentrations of potassium and 
phosphorus were lower in cassava than in the 
other crop specics, while the mean concentra­
tions of nitrogen wcre higher than those in 
the other species. These concentration differ­
ences between cassava and the other species in 
thcmselves providc no evidence for adaptatíon 
to low fertility conditions. However, compari­
son of the plant tissue concentration data with 
the yield data (Table 2) does provide a means 
for assessing how efficiently the various nutri­
ent elements a re utilized in dry matter produc­
tion by cassava and the other species. This 
comparison provídes evídence for an adapta­
tion of cassava to low fertility conditions with 
respect of both potassium and nitrogen, but 
not phosphorus. Thus, the assocíation of lower 
potassium concentrations in the tops of cassava 
(Table 3) with higher relative yields (Table 2) 
suggests an adaptation in that cassava utilizes 
potassíum more efficiently in dry matter pro­
duction than the other species. The associa­
tion of somewhat higher nitrogen concentra­
tions in the tops of cassava than other species 
with the very much greater relative yields of 
cassava than other species also suggests a more 
efficient utili zation of nitrogen in dry matter 
production by cassava. By contrast, the associa­
tion of lower phosphorus concentrations in the 
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Table 4. Minimum nutrient concentrations in the 
tops of cassava and four other crop species at which 
plants were complete! y free of deficiency symptoms. 

Concentrations in g/ 100 g dry weight. 

K Ca p 

Cassava 
mean 2.13 0.41 0.11 
range 1.04- 3.23 0.29- 0.53 0.09-0.15 

Soybean 2.70 0.22 
Maize 4.30 0.20 0.42 
Sorghum 0.38 
Sunftower 6.91 1.97 

tops of cassava with lower relative yields does 
not provide any evidence of adaptation. No 
trends are discernible in the case of calcium be­
cause of insufficient data. 

Symptomless Growth Reduction 
The minimum nutrient concentrations in the 

tops of cassava and other crop species at which 
plants were tota lly free of potassium, calcium, 
and phosphorus deficiency symptoms are 
shown in Table 4. Cassava was free of phos­
phorus and potassium deficiency symptoms at 
substantially lower plant tissue concentrations 
than other species. In the case of calcium, the 
concentrations necessary in cassava tops to 
prevent the development of symptoms were 
above those of the monocotyledons maize and 
sorghum, but well below those of the dicoty­
ledons sunflower and soybean. In the case of 
phosphorus, all species were generally free of 
symptoms at the same solution concentration, 
viz. 0.7 ~J-M phosphorus (Jintakanon, pers. 
comm.) . At this concentration, the relative 
yield of cassava and also the phosphorus con­
centration in the tops of cassava were less than 
in soybean and maize. The apparent ability of 
cassava to regulate its growth under low solu­
tion phosphorus concentrations is believed to 
represent a further mechanism of adaptation 
to low soil fertility conditions. 

The various studies have demonstrated that 
cassava tends to rctain its older leaves on the 
plant to a much greater degree than other 
species when a nutrient stress is imposed . 
Spear et al. (1976) have observed much 
smaller differences in potassium concentration 
between the older leaves of cassava than other 
species when grown at adequate and limiting 
solution potassium concentrations. 

In addition, Spcar et al. (1976) obscrved 

comparatively little decline in potassium con­
ccntration with age in the leaves of cassava 
plants grown at the lowest solution potassium 
conccntration ( 0.5 ¡LM), whercas both maize 
and sunflowcr exhibited a strong gradient in 
declining leaf potassium concentration with in­
creasing leaf age. Forno (pers. comm.) also ob­
served that the oldest one or two leaves re­
mained dark green compared with younger 
leaves when cassava was grown at very low 
externa! nitrogen concentrations (0.4 ~J-M). 
These observations suggest that cassava pos­
sesses an abnormally low phloem mobility 
when compared with the other crop species. 
They also suggest an adaptation to low fertility 
conditions in that under susta ined, but low 
nutrient supply cassava can adjust its rates of 
gro~th downward to match the low rates of 
nutrient uptake, thereby obviating the need for 
remobilization of nutrients from older !caves. 

Effects of Phosphorus Stress on Root 
Bulking 

All thc experiments discussed so far have 
been of short-term duration and never more 
than 4 weeks. Accordingly, no consideration 
has been given to the product ion of the major 
harvestable part of the plant, viz. the large, 
swollen roots, under conditions where a partic­
ular nutrient stress is applied. 

A longer term solution culture experiment 
using the programed nutrient approach (Asher 
and Cowie 1970) referred to earlier was con­
ducted with the objective of determining the 
effect of a continuously maintained phosphorus 
stress on root bulking in cassava. Bulking was 
markedly reduced by phosphorus stress. How­
ever, stress effects on root bulking were much 
less than stress effects on the production of 
plant tops. At the final harvest on da y 108, 
moderate and severe phosphorus stress resulted 
in relative top dry matter yields of 62 and 27 % 
respectively, while the comparable relative 
yields of swollen roots were 76 and 44% , re­
spectively. A comparison of the yield of thick­
ened roots with top yields suggests that the 
severcly stressed plants were considerably more 
efficient in that they produced a greater yield 
of swollen roots per unit weight of plant tops 
than the control plants, even though the abso­
lute yield of roots was less. This compensation 
represents another adaptive mechanism that 
may explain sorne of the success of cassava in 
low fertility soils. 



130 TROPICAL ROOT CROPS SYMPOSIUM 

No phosphorus deficiency symptoms were 
observed on the severely stressed cassava plants 
until the closing stages of the experiment de­
spite the 73 % reduction in the yield of tops. In 
fact, in the absence of the nonstressed control 
and the moderately stressed plants, no basis 
would exist for believing that the growth of the 
severely stressed plants was anything other 
than normal. This ability to match growth 
rate to nutrient supply may well be important 
in the success of cassava in low fertility soils, 
but also makes it difficult, in the absence of 
phosphorus rate experiments, to establish just 
how deficient a crop really is under actual field 
conditions. 

Conclusions 
Severa! features that may be associated with 

the special adaptation of cassava to low fertility 
situations, including high soil acidity, have 
been identified. These include the ability to 
maintain relative yields under low nitrogen, 
potassium, and calcium, thc more efficicnt 
utilization of potassium and nitrogen in dry 
matter production, and the ability to regulate 
its growth under low nutrient supply condi­
tions. This latter feature is strengthened by the 
abnormally low phloem mobility of sorne 
elements that these studies suggest are charac­
teristic of cassava. The ability to proceed with 
root bulking under quite severe phosphorus 
stress may be another importan! feature in the 
success of cassava as a crop plant in poor soils. 
Evidence is also presented that tolerance to low 
pH per se, to high aluminium concentrations, 
and possibly to high manganese are features of 
importance in the adaptation of at least sorne 
cultivars to highly acid soils. They suggest ex­
planations for the large differences in acid soíl 
tolerance among cassava cultivars reported by 
Spain et al. (1974). 

Any advantages that cassava may possess by 
virtue of the vertical or horizontal distribution 
of roots in low fertility soils would not be re­
vealed in solution culture studies such as those 
described here. Furthermore, any special 
mechanisms that cassava may possess for 

solubilizing soil constituents, e.g. through an 
altcratio n of rhizosphcre pH or redox potential, 
through excrction of chelates, or through 
m ycorrhizal associations, would not be of sig­
nificance in the solution culture studies. These 
aspects a lso require invcstigation. 
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Characteristics of Indigenous and lntroduced Cultivars of 
Cassava in Guyana 

A. H. Wahab1 

A yield trial was conducted for 12 montbs to assess the performance of 12 varieties 
of cassava on Guyana's agriculturally poor but extensive peats and peaty soils. On tbe 
peats, tbe four bigb yielding varieties, M. Mexico 59, M. Mexico 23, Del País, and M. 
Colombia 673 gave fresh yields of 30.5, 19.3. 19.3, and 18.2 t/ ha. respcctively. On the 
peaty clays, bigb yielding varieties were M. Mexico 59. Uncle Mack, Del País, and M. 
Mexico 23 with yields of 23.1 , 22.1, 20.0, and 17.6 t/ ha, respective1y. The lowest yielding 
varieties on botb soi1s were Chinese stick (7.6 t/ ha on the pcats and 9.0 t/ ha on tbe peaty 
clay) and Bitterstick, which produced 11.7 t/ ha on the peats and 9.0 t/ ha on tbe peaty 
clay. 

Plan! height and shooting and branching patterns wcre not re1ated to yield. but 
barvest index was correlated with yield on both soi1s. Usefu1 matter (ratio of peeled/ 
unpeeled root) was not significantly different between varieties on both soils. 

Immediately to the south of Guyana's 
Coastal plain lie approximately one million 
hectares of undrained peats, peaty clays, and 
muck soil. Many of the pcat swamps a nd 
marshes are used to provide water for irriga­
tion and for domestic and industrial uses. 
Native vegetation on these soils consists mostly 
of swamp forest, but freshwater marsh is found 
in sorne places. The peat is locally callcd 
"pegasse" and when it merges with the clays it 
is referred to as "pegassy clay". 

Peat or muck soils are marginal for con­
ventional agriculture, however viable cultiva­
tion of these marginal peaty soils could be of 
value to Guyana's expansionist agricultura! 
program. Cassava appears to be a promising 
crop for these marginal soils as it is: ( 1) 
adapted to poor soi ls; (2) relatively resistant to 
weeds and insect pests; ( 3) best suited to light 
soils for root production; and ( 4) is not season­
bound. Additionally, efforts are underway to 
transform cassava from a traditional back yard 
crop to one of agroindustrial importancc. 

The performance of 12 indigenous and in­
troduced cultivars of cassava was evaluated on 
these drained peats and peaty clays. 

Materials and Methods 

Soils 

Field trials were conducted on two soil typcs 
(pH 3-4) , locally classified as Anira peat No. 
20, and Inki C lay No. 100 (Steele and Ramdin 
1975). The Anira peat consists of dark reddish 

IQuyana Sugar Corporation Limited. George­
town, Guyana. 

brown peat from the surface (0-15 cm) a nd 
varíes from raw to semidecomposed peat-peaty 
clay. H ydrogen sulfide is present from O to 
122 cm. This peat has a high swell / shrink 
ratio (50% or greater) and may be ignited 
when dry (Mahadeo 1975). Inki clay consists 
of a surface matt of 1-20 cm of peaty el ay. The 
upper subsoil is a soft gray to greenish gray 
clay that is underlined by peat (Mahadeo 
1975). 

Trials were conducted south of Enmore 
Sugar Estate from April 1975 to April 1976. 
The two arcas were naturally inundated until 
early 1974 when the necessary drainage facili­
ties were installed. Following drainage, the 
arcas were cleared of weeds, underlying logs, 
and timber. Land preparation consisted of 
ploughing and rotovation. In-field drains ( 12 
m apart, 0.5 m deep) were excavated and con­
nected to a drainage cana l. Soils were sampled 
at 0-15 cm and 1 5-30 cm for determination of 
physicochemical propcrties. Samples were 
taken at planting and following harvest ( 12 
months later) to monitor soil chemical charac­
teristics. 

Varieties and Experimental Design 
A total of 12 varieties were used. Of 

these, seven ( Brancha butterstick, Bitterstick, 
Chinese stick, Four month, R. Singh, Twelve 
month, and U ncle Mack) were believcd to be 
indigenous to Guyana, one (Del Pais) was in­
troduced from Puerto Rico, a nd the others 
(Llanera, M . Colombia 673, M. Mexico 23, 
and M. Mexico 59) were promising varieties 
from CIA T's collection. Planting material for 
eight varieties was obtained from 6 to 9 month 
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Table l. Physicochemical characteristics at the time 
of planting of the two soils used to compare the 12 

cassava cultivars. 

Field capacity of plow !ayer (S{ ) 

Bulk density (g/cml) 
0-15 cm 

15- 30 cm 
pH 

0- 15 cm 
15-30 cm 

Total soluble salts (ppm) 
0- 15 cm 

15-30 cm 
Cation exchange capacity 

(meq/ 100 g) 
G-15 cm 

15-30 cm 
Al (meq/ 100 g)& 

G-15 cm 
15-30 cm 

Ca (meq/ 100 g) 
Q--15 cm 

15-30 cm 
Mg (meq/ 100 g) 

0- 15 cm 
15-30 cm 

K (meq/ 100 g) 
Q--15 cm 

15-30 cm 
P (ppm) Truog 

0- 15 cm 
15-30 cm 

N (%) 
Q-- 15 cm 

15-30 cm 
Organic matter ( <;( ) 

0- 15 cm 
15-30 cm 

Anira 
peat Inki clay 

No. 20 No. lOO 

299 59 

0.2 0.9 
0.2 0.9 

3.7 4.2 
3.6 4.1 

861 647 
932 830 

18.2 15.5 
22.3 16.8 

7.4 8.6 
7.4 8. 1 

4.4 3.0 
3.6 2.6 

5.3 3.4 
8.0 5.4 

0.5 0.3 
0.4 0. 3 

37.5 1.5 
15.3 0.8 

1.5 0.5 
1.4 0.4 

31.4 8. 1 
33.5 7.1 

•Ca, Mg, and Al were dctermined using N KCI 
extraet, K was dctermined using 0.5N C H3COO H 
extraet. 

old plants. These plants were established in the 
field nursery from t wo-node stem cuttings fol­
Iowing CIA T's rapid multiplication method. 
Planting material of the remaining four varie­
ties ( 8itterstick, Chinese stick, R. Singh, and 
Twelve month ) were obtained from 12 to 1 5 
month old plants made available by the Central 
Agricultura! Station, Mon Repos. A completely 
randomized 5 replicate tria! was used. Plots 
(9.1 X 4.6 m , 0.004 ha) were planted in 5 

rows of 1 O plants each. All observations were 
madc on 1 5-20 test plants taken from two 
central rows. Rows 1 and 5 were buffer rows. 
Where insufficient planting material was avail­
able the planting density ( 1 1955 plants/ ha) 
was kept constan! by planting other varieties in 
the buffer rows. 

Planting, Soil Amelioration, and 
Subsequent Management 

Planting material (15 cm long) was machine 
cut, immersed in a suspension of Dithane­
M-45 (0.04% a.i .) and monocrotophos 
(0.06% a. i.) for 0.5 h, and planted inclined in 
furrows 8-1 O cm deep. 8 oth tria! si tes were 
planted in late April 1975 within 2 days of 
each other, just prior to the long rainy season. 

Lime was applied in the form of 6.7 t/ ha of 
aragoni te 1 month after sowing. Fertilizers 
were applied a t rates of 198 kg N (urea), 67 
kg P~O., , and 134 kg K 20 / ha. One-half of the 
fertilizer was applied with the lime, one­
quarter 3 months, and the balance 5 months 
after planting. Each application was banded 
circularly 15 cm away from the plant and in­
corporated 4-5 cm. To correct apparent cop­
per and zinc deficiencies, 14 kg CuSo~ a nd 12 
kg ZnSO~ / ha were applied at 5 months as well 
as a prophylactic dose of 22 kg/ ha of fritted 
trace elements. 

Plots were manua lly weeded 1, 4, and 9 
months after planting. Serious outbreaks of 
hornworm ( Erynnis ello) were observed at 
both s ites fo llowing heavy and continuous 
showers in Scptember, October, N ovember, 
and Dccember. After the crop became ínfested 
for a second time, fortnightly applications of 
monocrotophos (0.5 líter a. i./ ha ) were made, 
resulting in cffcctive cont rol. Moderately 
severe attacks of shoot fly (Silba pendula) 
were obscrvcd from the ninth month and per­
sisted through ha rvest. Trichlorfon (Dipterex) 
at 1 kg a.i./ha at 3-week intervals controlled 
this pest. 

Results 

Soil Properties 

Sorne physicochem ical characteristics of the 
two soils are presented in Table t. 8 oth soils 
were extremely acidic, a nd pH was not 
amelio rated following lime application. Water 
holding capacity of the Anira peat (300%) 
greatly excecded that of the Inki clay (58%). 
Conversely, bulk densities of the Aníra peat 
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Table 2. Germination and plant height data for cassava variety trials.• 

Anira peal No. 20 lnki clay No. 100 

Germination Plant height Germination Plant height 
at 60 days at harvest at 60 days at harvest 

Variety %) cm) o/c ) (cm) 

Brancha butterstick 96.0DS 170.0• 94.8°5 198.0• 
M. Mexico 23 98.4 J39.0C 97.6 163.0•bcd 
Bitterstick 92.4 216.Qi 96.4 20l.Qe 
Cbinese stick 95.6 lSJ.Qd 98.0 183.0de 
Del Pais 98.8 154.0d 98.4 168.0•bcd 
Four month 97.6 1:?4.0b 99.6 16S.O•bcd 
Llanera 91.6 120.0•b 94.4 162.0•bc 
M. Colombia 673 94.8 154.0d 98.8 148.0• 
M. Mexico 59 93.2 167.0• 94.0 18I.Ocde 
R. Singh 88.8 11 5.0" 92.0 169.0bcd 
Twelve month 90.0 180.01 92.4 205.01 

Uncle Mack 98.8 136.0C 98.4 158.0•b 

Grand mean 95.0 152.2 96.0 178.6 
S.E. 1.83 6.37 
c.v. (o/c ) 2.7 8.0 

aValues followcd by thc same letter do not differ significantly (p = 0.05), ns = no 
significan! diftcrencc within column. 

(0.24) were about one-fourth those of the lnki 
el ay ( 0.94). The total soluble salts were low in 
both soils at planting, but had increased slightly 
at harvest within the 15-30 cm Anira peat 
!ayer and throughout the 0-30 cm soil depth in 
the Inki clay. 

There were a greater number of exchange­
able sites on the Anira peat than there were on 
the l nki clay. Exchangeable aluminum was 
fairl y high for both soil types. Phosphorus 
levels were low in both soi ls and remained un­
changed at harvest. Anira peat plots contained 
very high total nitrogen throughout the 0-30 
cm soil depth, whereas nitrogen within the 
Inki clays was lower but adequate for plant 
growth. Potassium levels in both soils were 
adequate and showed an increase at h arvest. 

As would be expected, organic matter was 
much higher in the Anira peat than on the Inki 
clay. Ratios of C / N were optimal for the peats 
at the time of planting and became less favour­
able following cultivation. This situation was 
somewhat reversed in the clays where a more 
favourable C/N ratio was obtained following 
cultivation. 

Gennination and Growth Characteristics 
Data on germination and plant height at 

harvest are presented in Table 2. Indigenous 
varieties germinated faster than the introduced 

ones; however, at 60 days all varieties germi­
natcd equally well on both soils. Plan! heights 
were not significantly different between soils up 
to 70 days. Thereafter, all plants on the Inki 
clay grew taller than on the Anira Peat. On 
both soi ls Bitterstick and Twelve month grew 
tallest and were the most vigorous. Throughout 
the tria!, varietal differences in plan! height 
were stati stically significan!. Except for D el 
Pais, all the other introduced varieties pro­
duced one main stem per cutting on both soil 
types. Most of the local variety produced two 
main stems on one or both soils. 

Distances from the soil surface to the first 
branching point on the main stem varied sig­
nificantl y among variet ies. There was a tend­
ency for early branching in the varieties 
Four month, Llanera, and M . Colombia 673. 
All varieties had at least t wo branches at­
tached to the main shoot and severa! indige­
nous varieties produced three. Stem diameter 
at the first branch differed significantly among 
varietics on both soi ls. lndigenous variet ies had 
the thinnest stems on both soi ls; plants on the 
Inki clay had larger stem diameters than those 
grown on the Ani ra peat. 

Fresh Root Yields 
Fresh weight data are presented in Table 3 . 

Root yields were significantly different between 
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Tab1e 3. Yields (fresh roots, t/ ha) of 12 cassava 
varieties (1 1955 plants/ ha) at 12 months on two 

agriculturally poor soils in Guyana.a 

Anira 
peat lnki clay 

Variety No. 20 No. 100 

M. Mexico 59 30.5• 23.1' 
M. Mexico 23 19.3d 17.6cdel 
Del Pais 19.)Cd 20.()del 
M. Colombia 673 18.2bCd 16.5bcde 
Twelve month 16.4bcd 12.4abcd 
Llanera 15.)bcd 16.9bcdel 
Uncle Mack 15.2bCd 22.1•' 
Brancha butterstick 14.2abcd 15.Jbcd 
R. Singh 13.0•bcd 14.7bcd 
Four month 12.1abc 17.4bcdel 
Bitterstick IJ.7ab ll.l abc 
Chinese stick 7.6a 9.0•b 

Grand mean 16.1 16.3 
S. E. 2.2 2.0 
c.v.(%) 29.5 26.8 

•Values follo"cd by the sarne letter do not differ 
significantly (p = 0.05). 

varíetíes on both soil types. There was a 
wider spread (7.6-30.5 t/ ha) in root fresh 
matter on the Anira peat than there was on the 
Inki clay (9.0-23.1 tlha). Three of the five 
introduced varieties yielded worse and five of 
the seven indigenous varieties better on the 
Inki clay than on the Anira peat. Chinese 
stick yielded lowest on both soils. M. Mexico 
59 produced significantly higher yields (30.5 
ti ha) than all the other varieties grown on the 
Anira peat. It also ranked highest (23. 1 tlha) 
on the lnki clay but was not significantly 
better than Uncle Mack, which produced 22.1 
tlha. Except for Four month, M. Mexico 23, 
M. Colombia 673, Twelve month, and Uncle 
Mack all the other varieties ranked similarly 
on both soils. Uncle Mack rose from seventh 
place ( 15.2 tlha) on the Anira peat to second 
on the Inki clay. 

Dry Mattert Total and Useful Yieldt 
Harvest lndext and Root Density 

Values for sorne of these parameters are 
shown in Table 4. Root dry matter was signifi­
cantly different bctween varieties in both soil 
typcs. Values rangcd from 29 to 37 % for the 
Anira peat and from 28 to 42% for the lnki 
clay. Highest producers of dry matter were M. 
Mexico 59 (9.0 tl ha) and Uncle Mack (7.6 

t/ ha). Thesc varieties produced almost four 
times as much dry matter as Chinese stick. 
Total frcsh matter production was significantly 
different bctwccn varieties irrespective of soil 
type. However, there was a greater concentra­
tion of fresh matter in the shoots, stems, and 
!caves of plants on the Anira peat. Total fresh 
matter rangcd from 19 to 41 tlha for the Anira 
peat and 24 to 39 t/ ha on the Inki el ay. Again, 
M. Mcxico 59 produced the highest amount of 
total fresh mattcr on thc Anira peat, whereas 
Del Pais was the highest on lnki clay. 

Useful root fresh matter content averaged 
85% and did not vary significantly between 
varictics on cither soi l. Consequently, those 
varieties that had produccd highest fresh root 
yields, e.g. M. Mexico 59, Del Pais, and Uncle 
Mack, also produced highest amounts of use­
fui fresh matter. 

Harvest index values were significantly dif­
ferent between varieties in either soil type. 
Values were consistently higher for any one 
variety grown on the Anira peat versus that 
same variety grown on the other soil. 

Root densities werc essentially the same 
( 1.094) on the Anira peat. However, values 
were sígnificantly different between varietíes 
on the 1nki clay. On this soil, Four Month and 
Brancha butterstick produced roots havíng 
lowest ( 1.066) and highest ( 1.160) densities. 

Number of root tubers per plant differed 
significantly betwcen varieties on both soils. 
Also, root prolifcration in the Inki clay ex­
ccedcd that in thc Anira peat, for each variety. 
Root tubers pcr plant ranged from 5 to 9 for 
thc Anira peat, and 7 to 15 for the Inki clay. 

Weights of tubers from plants grown in the 
Anira pcat were consistcntly higher than for 
plants grown on the lnki clay. Average weight 
per root tuber per plant ranged from 155 to 
352 g for the Anira peat and 84 to 223 g for the 
Inki clay. 

Root tuber lc ngth differed significantly be­
twecn varieties on each soil. Longest root 
lengths werc exhibited by Brancha butterstick 
measuring 44 cm on the Anira peat and 54 cm 
on the Inki clay. Shortest root tuber length was 
also significantly different between varieties 
and on each soil type. Chinese stick produced 
the shortest roots irrcspective of the soil. Ob­
servations on lcngth of the median root in­
dicated that 50% or more of the root tubers of 
Brancha buttcrstick mcasured 22 cm on the 
Anira peat and 29 cm on the Inki clay. Cor­
responding values for M. Mexico 59 were 26 
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Table 4. Results of variety trials on Anira peal No. 20 and lnki clay No. 100 after 12 months. 

Anira peat No. 20 lnki clay No. 100 

Equivalen! Equivalen! Equivalen! Equivalen! Equivalen! Equivalen! 
root yield total plant yield (t/ ha) root yield to tal plant yield (t/ ha) 

(t/ ha) fresh fresh weight of useful (t/ ha) fresh fresh weight o f useful 
Variety matter (t/ ha) fresh matter matter (t/ ha) fresh matter 

Brancha 
butterstick 14.2abcd 21.711

" 
J2.labc 15.3bcd 30.6abc 12.8bcd 

M. Mexico 23 19.3d 27.3abcd 16.6"• 17.6<der 27.9ab 15.1 e del 

Bitterstick 11.7•" 25.1&bcd 10.4&b ll.l llb 32.9abcd 9.2ab 

Chinese stick 7.611 22.6&bc 6.78 9.0 26.88 7.7• 
Del Pais 19.3•d 30.5<d 16.8° 20.0dC! 38.7d 17.2del 

Four month 12.I•bc 22.5• 10.6abc 17,4bcdel 33.6&bcd 15.QCdel 

Llanera 15.3bcd 19.3• 13.0"• 16.9bcdel 29.5abc 14.6 cdel 

M. Colombia 673 18.2bcd 28.9bcd 15.8"0 16.5bcde 29.4abc 14.1 bcde 

M. Mexico 59 30.5• 41.4• 24.8d 23.11 36.1<d 19.31 

R. Singh IJ.()& bCd 19.1• 10.5abc 14.7abcd 27.6•b 12.5•bcd 

Twe1ve month 16.4bttl 3 l.ld 14.0bc 12.4al>c 30.4•be J0.7abc 

Uncle Mack 15.2btd 22.6&bc 12.7&bc 22.1°1 35.4btd 18.5•1 

Grand mean 16.1 26.0 13.7 16.3 31.6 13.9 
S. E. 2.2 3.ó 1.9 2.0 3.4 0.16 
c.v.(%) 29.5 21.8 30.8 26.8 17.0 25.0 

•Values followed by the same letter do not differ significantly (p = 0.05). 

cm for the Anira peat and 19 cm for the Inki 
clay. 

Maximum root diameter m easurements in­
dicated that root thickness differed significantly 
between varieties on either soil type. On both 
soils, root diameter of Brancha butterstick was 
lowest , whereas M. Mexico 59 produced roots 
of highest maximum diameter. 

An examinat ion of rooting depth pattern 
showed that the maximum depth of root pene­
tration on the Anira pea l was 15 cm, whereas 
with the exception of Lla nera, R . Singh, and 
Twelve month all other varieties on the Inki 
clay penetrated toa maximum depth of 30 cm. 

Postharvest Storage Life 

On both soils, with the exception of M. 
Colombia 673 all varieties stored for at least 
5 days before vascular streaking was noticed 
(Table 5). M. Mexico 59 harvested from the 
A nira peat stored longe r ( 1 O days) than all 
other varieties. However, this variety when 
harvested from the Inki clay showed vascular 
streaking at 5 days. Secondary deterioration of 
roots occurred at 1 O and 11 days on the Anira 
peat and Inki clay, respectively. Storage lives 

were not consisten! for a given variety har­
vested from both soils. 

Discussion 
Total rainfall experienced ( 3 31 cm) during 

the tria! period exceeded the 1 05 year average 
( 21 O cm) for Enmore Esta te by 58 % and can 
be described as adverse for Guyana conditions. 
Rain fell 62% of the tria! days, and on 34 
days ( 10% ) precipitation exceeded 2.5 cm. 
Months of lowest rainfall (15 cm or less) were 
August through September 1975 and March 
1976; and heavy rains fell from November 
through February ( 156 cm) . In other words, 
during germination and stand establishment, 
and presumably during maximum root bulk ing, 
the crop experienced excessive moisture. Also, 
during the tria! period, bright sunshine av­
eraged just 6.5 h / da y, which considered 
separately might have been detrimental to 
yield. 

Soil propl'rties at planting and following har­
vest indicated high buffering ca;Jacities in both 
soils. Thi!: is consisten! with thf. percentage of 
base saturation observed for the Anira peat 
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Table 5. Time (days) to onset of primary8 and 
secondaryh root deterioration of 12 cassava cultivars 

stOred under ambient conditions.c 

Anira peat No. 20 lnki clay No. 100 

Pri- Second- Pri- Second-
mar y ary mar y ary 

deterio- deterio- deterio- deterio-
Variety ration ration ration ration 

M. Mexico59 10 11 6 10 
Brancha 

butterstick 7 8 8 11 
Chinese 

stick 7 12 6 10 
Twelve 

month 7 10 9 11 
M. Mexico23 5 12 5 8 
Bitterstick 5 11 6 8 
Del Pais 5 11 6 10 
Llanera 5 11 7 11 
R. Singh 5 11 8 11 
Four month 5 9 6 10 
Uncle Mack 5 8 9 12 
M. Colom-

bia 673 4 5 5 10 
Grand mean 5.7 10 6.8 11 

a Primary dctcrioration was considered to have 
started with the appcarancc of fi ne bluc-black streaks 
in the root vascular tissuc. 

bSecondary dctcrio ration was considcrcd to have 
occurred whcn thc root tissucs bccarnc soft. 

rStoragc conditions: Anira peal 7.15- 83 °F, R.H. 
78.3 %; lnki clay 74.4-84.5 • f, R .H. 83 ~: . 

(50% ) and Inki clay (40% ) . l ndeed, the addi­
tion of lime (6.72 t/ ha) did not ameliorate soil 
pH. Further, available phosphorus levels were 
low and decreased at harvest. This is probably 
due to the high fixation of this nutrient, which 
occurs a t 1ow pH va1ues. 

Yield figures indicated that despite the un­
favourable climatic conditions that prevai1ed, 
the agriculturally poor peats and peaty clays 
produced average yic1ds of 16 t!ha. Recalling 
the serious outbreaks of hornworm and shoot 
fty tha t were experienced, it is possible that 
these pests co upled with the unfavourable 
climate depressed yields. M. Mexico 59 yielded 
significantly higher (30.5 t/ ha) than al! other 

varieties on the Anira peat and a1so ranked 
highest on the l nki el ay (23.1 ti ha ) . Further, 
all five of thc introduced varieties ranked be­
twccn fi rst and seventh on the two soils. 

At harvcst, the tubers in the Inki clay plot 
were generally more numerous but thinner 
than thosc on the Anira peat p1ots. This was 
probably duc to inadcquate soil potassium in 
thc fo rmer soil. The enhanccd yields of Uncle 
M ack ( 22 t/ ha) on the Inki el ay suggests that 
thi s variety is better suited to this soil. 

An NPK program found to be best fo r cas­
sava on pcat soils in West Malaysia (Chew 
1970) was a doptcd for these trials. Yields of 
five varieties grown under the same climatic 
conditions and on unfertil ized and un1imed 
p1ots on the lnki clay averaged 5.3 t/ ha fresh 
roots in 12 months. H cnce, the benefi ts dcrived 
from lime and ferti lizcrs a re unquest ionable 
and may be furthcr enhanced when optimum 
quantitics of N, P, and K for these particular 
soils a re determined. Neither plant height nor 
branching pattern appeared to have any rela­
tion to yie ld. Partitioning of total fresh matter 
divertcd into thc roots ( harvest index) was 
grcater o n thc Anira peat than on the Inki clay. 
lt is plausible that due to low K in thc Inki 
clay, shoot growth increased at the expense of 
root frc~h mattcr accumulation. Correlation 
cocfficients ( r) for fresh yields against harvest 
index were significan! (p = 0.05) for both 
soils and were 0.64 for the Anira peat and 0.85 
for the Inki clay. Useful fresh a nd dry mattcr 
yie lds were also significantly correla ted with 
fresh root yie1ds on both soils ( r = 1.00, 0.99, 
0.96, 0.90) . 

Chcw, W . Y. Varieties and N,P,K fertilizers 
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Malaysian Agricultura! Journal, 47 ( 4), 1970, 
483-491 . 

Mahadeo. C. Soi/ survey- New /and. Technical 
Report. Agricu!lurc Dcpartment. Bookers Sugar 
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Steele. J. G .. and Ramdin. H. N . Soil resources o/ 
Guyana. Ministry of Agriculturc, Central Agri­
cultura( Station, Mon Rcpos, Guyana, 1975. 
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Cassava Research in Nigeria Before 1972 

E. E. Umanah1 

Tbis review of cassava research achievements in N igeria over a period of 20 years 
pays particular attention to plant breeding, agronomy, chemical analysis, physiology, pests 
and diseases, and cytogenetics. Breeding objectives and varieties recommended for the 
various ecological areas of the country are discussed. 

A package of management practices as recommended from research resu lts is given. 
On basic research, the karyotypes of sorne Manilrot spec ies including cassava were deter­
mined, and it was suggested that cassava is an allopolyploid with chromosome number 
of 2n = 36 anda basic chromosome number of X = 9. 

Cassava is of great importance in the na­
tional economy of Nigeria, and is second only 
to yams in total root crop production. How­
ever, cassava produces more calories per acre 
than yams and is easier to cultivate. In addition 
to its food uses, cassava is also used in indus­
trial processes. By 1985, Nigeria hopes to 
produce 13.9 million tons annually. 

The objective of this paper is to document 
the research achievements on this crop over a 
period of 20 years. 

History of Cassava Research 
Selected high-yielding disease-resistant varie­

ties of cassava were introduced to Nigeria 
about 1940. Following trials in the eastern part 
of the country GCH 7 or 37065 was recom­
mended for cultivation about 1942 because it 
was higher yielding than local varieties and 
was tolerant to mosaic disease. About 1953, 
variety 53101 was recommended to the West­
ern Region and the southern part of the 
Northern Region. 

Although sorne collections, introductions, 
and work on mosaic disease had been done as 
far back as 1932, serious and systematic cas­
sava research for improvement by breeding 
and cultural practices was only initiated in 
1955 when a plant breeder was assigned to the 
cassava improvement program. 

The objectives of this improvement program 
included: (1) high yield of tubers; ( 2) high 
starch content; ( 3) high dry matter content ; 
( 4) high protein content; ( 5) 1ow hydrocya­
nide content; ( 6) good quality; (7) cassava 
mosaic disease resistan ce; and ( 8) improved 
cultural practices. 

To achieve these objectives, cassava collec­
tions of varieties grown in different eco1ogical 

IFederal D epartment of Agricultura! Research, 
P.B.M. 5042, lbadan, Nigeria . 

zoncs in Nigeria and from foreign countries 
were initiatcd, and a selection of the highest 
yielding types was made. These introductions 
included Manihot glaziovii from Puerto Rico, 
M anihot melanobasis and M . saxicola from 
Surinam, and interspecific h ybrids such as 
58308, 58198, and 582 12 from Amani in East 
Africa, which were resistant to mosaic disease. 
Variety 58308 was low in prussic (hydro­
cyanic) a cid, however it was al so Iow in tuber 
yield. 

The country can be divided into two broadly 
based ecological zones on the basis of con­
sumer preference. In areas north of Minna, 
consumers prefer "sweet" cassava, which is 
eaten raw or boiled and made into "tuo." In 
areas south of Minna down to the coast, the 
emphasis is on gari production from "bitter" 
cassava. 

Samaru was selected o n this basis as the 
centre for collections and trials for the North­
ern States. The area south of Minna was 
divided into four ecological and administrative 
zones for collections and variety tria ls. 

H ybridizations within the species M . escu­
lenta were carried out to obtain high-yielding 
mosaic toleran ti resistan! types with desirable 
agronomic characters. Crosses involving the 
varieties 53101 and 42074 as parents and 
531 O 1 and 3203 1 as parents gave consistently 
high yielding hybrids. Seedlings of these hy­
brids were raised in nurseries, and subsequent 
multiplication stages were tested in progeny 
t ria ls replicated at various centres and finally 
in zonal centres. No one variety was consist­
ently high yielding at all Iocations. This Ied to 
independent selections of cassava hybrids in 
the different climatic zones of the country. 
Combined analysis of the trials showed that 
varieties 60444, 60506, 60447, and 53 101 were 
the highest yielding selections and were recom­
mended for cultivations in the various ecologi­
cal zones, Table l. 
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Table 1. Recommended mosaic-disease resistan! cassava varieties and their qualities. 

Mean Starch 
increase over content at 

Yield local variety Recommended to be 15- 18 months HCN 
Variety (t/ acre) (%) planted in (States) (%) (mg/ 100 g) 

37065 (GCH7) 8.9 28.0 Eastern Nigeria 23.0 182.0 
44086 (Congo) 

(Sweet) 5.6 8.2 Eastern Nigeria 22.0 135.0 
53101 13.6 64.5 Western, Kwara, B/ Plateau, 

Southern parts of N/ West 
S tate 30+ 185.0 

Dan Wari (Sweet) 8.5 32.0 Cassava growing areas north 
of 10 •N latitude 30 145.0 

60444 16.3 95.3 Mid-West, East Central, 
South-East , Rivers, Lagos 25-30 162.0 

60506 15.4 78.0 Western, Kwara, B/Plateau, 
Southern parts of N/ West, 
Mid-West, East Central, 
South-Eastern 30 162.0 

60447 15.0 55.1 Mid-West, East Central, 
South-East, Rivers, Lagos 25- 30 189.0 

Interspecific hybridization of clones, selected 
as described above, with other species of 
Manilzot, such as M. glaziovii, M. saxicola, and 
M. melanobasis, was designed to introduce 
characteristics for mosaic disease resistance 
and high protein content in cassava. Hybrids 
from crosses made between selected cassava 
varieties and M. glaziovii usua lly broke down 
in resistance to mosaic disease within a few 
generations. 

Cassava varieties with high protein content 
are of importance where tubers are consumed 
raw by humans or fed to livestock. M. esculenta 
has only about 1.6% eructe protein in fresh 
tubers, but tubers of M. melanobasis and M. 
sexicola have crude protein contents of over 
10% . This necessitated the production of inter­
specific hybrids from M. esculenta crossed to 
M. melanobasis. Cassava variety 50100 was 
crossed with M. melanobasis ( 58186). Back 
crosses were made to M. me/anobasis, but al­
though the protein contents of the back cross 
progeny were improved, the total tuber yield 
was low. Further crosses to the high yielding 
varieties are to be carried out. 

Chemical Analysis of Tubers 
Tuber analyses for starch content, dry matter 

content, and hydrocyanide content were car­
ried out for all promising varieties to assess the 

qualities of these vanetles. 1t was generally 
found that bitter cassava contained more starch 
than sweet varieties. The starch content of 
tubers a lso varied with age - the highest 
starch content being found at the age of 15-18 
months. Depending on varietics, the range was 
20-30% of fresh tubers. The dry matter con­
tent of cassava tubers varies with the starch 
content. The range is between 30 and 40% of 
fresh tuber weight harvested at 12 months 
(figures as high as 40-50% a re common for 
tubers harvested at 15-18 months). 

Thc hydrocyanic acid content of tubers is a 
very variable characteristic, which is subject 
to environmental influence (Jones 1959) . With 
cyanide titrations it has been found to vary 
within the tuber and within the variety. Drier 
soils appear to favour high concentrations of 
the acid. The relationship between the acid 
content and taste of the tuber (sweet/bitter) 
has not been assessed. 

Physiology and Seed Germination 
Experiments on etfects of ditferent ranges of 

temperature and scarification on the germi­
nation of cassava seeds were carried out. Out­
crossed seeds of cassava varieties 60444, 
58308, and 531 O 1 were subjected to tempera­
tures from 35 to 50 •e for 24 hours and then 
soaked in water at ambient temperature for 24 



UMANAH: CASSAVA RESEARCH IN NIGERIA 139 

Table 2. Effect of time of planting on yield of different varieties.a 

Time 
Yield of different varieties ( 1 b/plot) 

Mean 
(months) 53101 60444 60447 60506 (!/acre) 

June 775 789 844 716 15.8 
July 694 761 678 657 14.1 
August 306 484 328 297 7.2 
September 257 296 391 325 6.4 
October 212 78 209 181 3.4 
Mean (!/acre) 9.1 9.8 9.9 8.8 9.4 

8 LSD (p = 0.05) = 18.llb /plot or 1.5 t /acre. 

hours. Germination in the greenhouse occurred 
between 15 and 25 days and varied with 
varieties. 

Seeds of other varieties were immersed in 
water and subjected to periods of heat pre­
treatment (35 ·e) in an attempt to speed up 
germination. All varieties gave 80% germina­
tion between 15 and 20 days after 48 hours of 
this wet heat pretreatment. 

This period of maximum germination was 
the same as that obtained for scarified seed, 
which usually completed germination within 
15-20 days. Because scarification is time con­
suming, and results in heavy losses, the 35 •e 
heat pretreatment for 48 hours was recom­
mended for large scale cassava seed germina­
tion (Umanah 1970). 

Agronomy Practices 
The experiments on agronomic practices in­

cluded planting dates, planting method, length 
of cuttings, number of cuttings, spacing and 
hence plant population, time of harvesting, and 
fertilizer practices. 

Planting Date 
In the southern parts of the country the 

period between April and July was found to be 
the best time for planting, whereas June­
August was best in the north. At lbadan it 
was shown that planting in June significantly 
outyielded July, August, September, or October 
planting (Table 2). In wetter areas, such as 
Umudike, April and M ay plantings were shown 
to be as good as June. 

Harvesting Date 
Yield data and starch content of tubers at 

ditferent times of harvesting were studied. 
Significan! differences were demonstrated for 

the different times of harvesting (Table 3). 
Yield at 18 months was highly significantly 
superior to that at 12 months and those beyond 
18 months. But there was no significan! differ­
ence between harvesting at 18 months and 15 
months. The same trend is shown in the starch 
content of the tubers (Table 4). There were 
significan! differences in varieties X harvesting 
times interactions although between varieties, 
the ditferences were not significan!. The highest 
starch content was found in variety 53101 at 
18 months and this was not superior to 15 
months harvesting time. 

Planting Method 
Investigations on planting methods revealed 

that multiple cuttings were either buried 
horizontally or were stuck right side up singly 
per stand. Erector slanting orientation of single 
cuttings two-thirds buried was found to give 
superior yield to horizontal orientation, be­
cause in the latter case numerous main stems 
formed and the resulting overcrowding reduced 
yield. 

Length of Cuttings 
Experiments with cuttings of different 

lengths showed that the most efficient length 
was between 9 and 12 in. Cuttings 9 in. long 
were recommended to economize on planting 
material (1 in. = 2.54 cm). 

Spacing and Plant Population 
Spacing combinations of 2 X 4 , 3 X 3, 3 X 

4, 4 X 4 , and 6 X 4 ft were tried . The spacing 
adopted varied with variety used. For instance, 
it was found that varieties that were tall and 
had a scanty canopy with little branching did 
well with 3 X 3 ft spacing, whereas those that 
had little branching and a thick canopy, e.g. 
60444, required a spacing of 3 X 4 ft. An 
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Table 3. Effect of time of harvest on yield of different varieties.a 

Time of harvest (months) 
Mean 

Variety 12 15 18 21 24 (t/ acre) 

60447 687 987 1061 1001 946 15.8 
53101 756 883 1087 994 724 15.3 
37065 625 665 871 625 669 11.7 
44086 444 680 588 463 452 8.6 

Mean (t /acre) 10.6 13.8 14.9 13.2 11.8 12.9 

&LSD (p = 0.05) = 29.51b /p1ot or 1.2 t /acre. 

average spacing of 3 X 4 ft ( 12 ft2 ) of feeding 
area gave a good average yield for all varieties. 
The recommended spacing is 3 ft apart on 
ridges separated by 4 ft, giving a plant popula­
tion of 3630 stands/ acre for a sol e cassava 
crop (1 acre = 0.4 ha). 

Fertilizers 

Initially, great controversy existed about the 
application of fertilizers to cassava, due 
probably to the low yield returns from the 
unimproved varieties, which were cultivated. 
However, with the recommendations for im­
proved varieties, fertilizer practices were also 
recommended. Experiments, which were car­
ried out mainly in the Eastern Region between 
1960 and 1 967, revealed that the new cassava 
vanet1es were responsive to fertilization 
(Phillips 1973). lt was therefore recommended 
that on acid soils (pH < 5.0) lime should be 
applied at a rate of 1500 lb/ acre befo re plant­
ing. Then nitrogen as sulfate of ammonia and 
phosphorus as single superphosphate should 
be applied togcther with sulfate of potash as a 
10:10:20 mixture at the rate of 240-300 lb/ 
acre for a sole cassava crop. Nitrogen and 
potash are more importan! for cassava than 
phosphorus. Time of application was given as 
3 months after planting provided there was 
enough moisture available. When cassava is 
repeatedly grown as a sote crop on the same 
land, such as in a plantation, or in a rotation 
system, fertilizer must be applied to obtain a 
good crop. 

Pests 
Severa! pests of the cassava plant exist, but 

most of them are not serious and sorne are 
seasonal. 

Bemisia nigeriensis (tabaci) or the white fty 
is the vector of the cassava mosaic disease. 
Golding ( 1936) showed that this insect trans-

mitted the vi rus from one cassava plant to an­
other. Thc grasshopper, Zonocerus variegatus, 
causes seasonal damage to the leaves of cassava 
during the dry season. They move in swarms 
and devour the plants. They can be controlled 
by spraying with gammalin 20. The cricket, 
Gryllotalpa africana, causes damage to young 
seedlings in the nursery. These crickets can be 
controlled by digging and kilfing since they are 
active mostly at nights and hide in holes during 
the day. Termites can destroy a whole plot of 
newly planted cassava cuttings, especially if 
the weather is also dry. Sometimes they also 
attack mature cassava plants. They can be con­
trolled by dusting the planting materials with 
2.5 % aldrin dust. Red spider mi tes are more 
common during the dry season. They are very 
smalt and cannot be easily seen with the naked 
eye. They feed on lcaf blades and cause· 
symptoms that can be mistaken for cassava 
mosaic disease. However, they can be con­
trolled by spraying with gammalin 20. Rodents, 
bush fowl, and even goats can be menaces to 
a cassava plot. 8oth rodents and bush fowls 
dig up and eat the cassava roots, whereas goats 
eat the leaves and break the stems. 

Diseases 
Cassava mosaic disease manifests itself in 

different degrees depending on the cassava 
variety. In general, a high degree of mottling, 
curling of leaves, distortion, and in sorne cases 
reduction in size of leaves and stunting of 
plants occur. The vector of the disease is 
Bemisia nigeriensis (tabaci) or white fty. Gold­
ing ( 1936) showed that this disease caused up 
to a 30% reduction in yield. In East Africa, 
Tidbury (1937) demonstrated a reduction of 
up to 95 % in yield. In lbadan, Beck and Chant 
(1958) showed for variety 56160 that primary 
infection caused a reduction of 29% in yield. 
The only solution appeared to be resistant 
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Table 4. Effect of time of harvest on percentage starch yield.a 

Time of harvest 
Variety 

(months) 53101 44086 60447 37065 Mean 

18 26.6 22.0 
15 24.2 21.3 
12 19.4 17.8 
24 19.6 16.2 
21 15.0 19.0 

Mean 21.0 19.3 

aLSD (p = 0.05) = 5.2 (variety). 

varieties. Treatment of the cuttings by heating 
at temperature of 37-39 oc inactivates the 
virus and prevents primary field infection, how­
ever this does not prevcnt the secondary in­
fection. 

Brown leaf spot, caused by Cercospora hen­
ningsii, results in mature leaves becoming 
senescent faster than unaffectcd leaves. The 
effect of this disease on yield has not been 
assessed. White leaf spots, caused by Cer­
cospora caribeae, occurs along with brown lea f 
spot, but the lesions are sma lle r than the brown 
leaf spots. 

Die back is caused by 0/omere//a cingulata 
in sorne plants. The disease is not wide-spread. 

Yellow rot is caused by the fungus Polyporus 
bandoni, and is common in damp or water­
Iogged soils. The infected lower stem and roots 
are covered with orange-yellow mycelium and 
orange coloured sporophores are produced. 

Bacteria wilt, first reported in 1972 by Wil­
liams et al. ( 1973), causes wilt ing of lea ves 
and stems. The disease is very serious and re­
quires intensified effort to eradicate it. 

Basic Cassa-va Research 
Cytogenetic studies of cassava M. esculenta 

and M. glaziovii were carried out (Umanah 
and Hartmann 1973). The chromosome num­
bers of these two species were found to be 2n = 
36. The karyotypes of the two species were 
similar. Two pair of satellite chromosomes were 
reported for the first time for both speeies. 

23.2 18.7 21.9 
18.2 18.8 20.2 
16.0 15.5 17.9 
15.1 17.5 17.1 
16.1 12.2 16.0 

17.7 16.5 18.6 

Meiosis was normal in pollen mother cells; 
the 18 bivalents at M 1 disjoined regularly at 
Al. Jt is suggested that these Manihot speeies 
are allopolyploids with a basie ehromosome 
number of X = 9. This conclusion confirms 
that of Perry ( 1943). 
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Production of Cassava Foliage 

A. Montaldo and J. J. Montilla1 

Investigations were carried out on the production of foliage from cassava for use as 
pro_tein in animal feed. The be~t results were obtained with successive cuttings of foliage 
at mtervals of 3-4 months w1th plant densities of 3 1 250 and 15 625 plants/ ha. The 
production rates obtained were: 14.5 t/ ha of dry foliage in 12 months during the dry 
seaso~, 19.6 t/ha in 12 mon_ths during the rainy season, and 35.2 1/ha in 17 months during 
the ramy season. The protem content of the material (stcms, branches. and leavcs) varied 
betwecn 13.8 and 22.3% with a maximum protein yield of 2.7 t/ ha pcr ycar. 

The blades of the cassava leaf ha ve a protein 
content of about 25% . This makes the crop a 
rich and cheap source of protein, which may 
be subst ituted for alfalfa foliage meal and other 
protein sources that are difficult and costly to 
obtain. Plant densities, crop management, and 
protein content of the tota l foliar mass were 
studied because little published information is 
available on these subjects. 

Methods and Materials 
Cassava variety Cacho de Toro Amarga 

(UCV-2078) was planted in a split plot design 
with three replications at Maracay, Venezuela. 
No chemical fertilizer, manure, or lime was 
applied to the soil. 

Plant densities were changed by varying the 
spacing within the rows, which were 80 cm 
apart. The den sities were: ( 1 ) 31 250 plants/ 
ha ( 40 cm between plants) ; ( 2) 15 625 plants/ 
ha (80 cm between plants) ; and ( 3) 10 412 
plants/ ha ( 120 cm between plants) . 

Three different ha rvesting frequencies were 
used in the dry season: ( 1) foliage (lea ves, 
branches, and stems) at 4, 8, and 12 months ( 3 
harvests) and roots at 12 months; (2) foliage 
at 8 and 12 months ( 2 harvests) and roots at 
12 months; and ( 3) foliage at 12 months ( 1 
harvest) and roots at 12 months. Three harvest 
schedules were also used during the rainy 
season: ( 1) foliage at 3, 6, 9, 12, 14, and 17 
months; {2) foliage at 6, 9, 12, 14, and 17 
months; and (3 ) fo liage at 9, 12, 14, and 17 
months. 

Foliage was ha rvested by cutting the plants 
at ground leve! with a machete. The total 
foliage production per plot was weighed in 
the field (2 cent ral rows), and this material 
was later ground in a hammer mili. After the 

tFaculties of Agronomy and Veterinary Medi­
cine, respectively, Universidad Central, Maracay, 
Venezuela. 

materia l was carefully ground and mixed, a 
500 g sample was extracted for each subtreat­
ment in each of the replications. The material 
was dried in an oven at 80 •e for 48 h to de­
termine the tota l dry matter of the foli age. 

Total weight, wcight per plant, average root 
weight , total number of roots, total dry matter 
percentage, and weight per hectare were noted 
in the root harvest of the dry season trials. 

Results 
Dry Season Production (12 Month Cycle) 

Harvest frequency had a significan! effect on 
fresh foliage production. Frequency 1 (average 
yield 58.9 t/ ha) and frequency 2 (average 
yield 55.0 t/ ha) harvests were significantly 
ditfe rent from the frequency 3 yield (39.4 
ti ha). The highest yields of fresh foliage ( 64.6 
and 63.6 t/ha) corresponded to a density of 
3 1 250 plants/ ha, with harvests at 4, 8, and 12 
months, and at 8 and 12 months, respectively. 

Harvest frequency also had a significan! 
etfect on the production of dry foliage. The 
average yield for frequency 1 was 13.7 t/ha, 
which was significantly different from the 
frequency 3 harvest of 9.7 t/ ha. The yield of 
frequency 2 ( 12.0 t/ ha) was not significan!! y 
different from frequency l. The highest dry 
foliage yield was 14.5 t/ha, corresponding to 
frequency 1 at 31 250 plants/ ha. 

Plant density did not exert a significan! etfect 
on the production of fresh roots. The largest 
production ( 18.0 ti ha) was in frequency 3 
(harvest at 12 months). This was significantly 
diffcrent from frequency 1 yield (8.7 t/ ha) . 
Since no significan! differences were observed 
betwecn frequency 2 and 3 yields, the cutting 
of foliage at 8 months did not significantly in­
ft uence the yield of fresh roots. The highest in­
dividual yields (21.8 t/ha) were obtained at 
density 2 (15 625 plants/ ha) with foliage 
harvest at 12 months. 
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Harvest frequency exerted a significan! effect 
on the production of dry roots. T he yield of 
frequency 3 ( foliage and root harvest al 12 
months) was the highest (5.7 t/ha) , and was 
significantly different from frequency 1 yield 
(3.1 t/ha). No difference was observed be­
tween frequency 2 and 3 yields, indicating that 
cutting the foliage at 8 months does not affect 
the dry matter production of cassava roots. 

Rainy Season Harvest (12 Month Cycle) 

Fresh foliage production was 86.4, 68.4, and 
59.1 ti ha for den sities 1, 2, and 3, respective! y. 
Density 1 showed a highly significan! differ­
ence from density 3, anda significant difference 
from density 2. 

Density 1 dry foliage production was h ighly 
significantly greater than densities 2 and 3. 
There were no statistical differences between 
densities 2 and 3. Frequency 3 had the highest 
yield ( fo liage harvest at 9 and 12 months) 
( 17.7 t/ha). This was significantly greater 
than frequency 1 (3 , 6, 9 , and 12 months) 
(14.5 tiha). 

In fresh foliage production, density 1 
(31 250 plants/ ha) yielded significantly more 
than density 2 (15 525 plants/ ha) and density 
3 (lO 412 plants/ ha). The highest yields of 
fresh fol iage were 154.9, 165.7, and 147.7 t/ ha 
for frequencies 1 , 2, and 3 at density l. 

Density 1 (31.9 t/ ha of dry foliage) yielded 
significantly more than densities 2 (24.2 t/ ha) 
and 3 (22.0 t/ ha). 

The protein contents of the cassava foliage 
determined from the first harvest of the dry 
season were superior to those of the third 

harvest , beca use there was a greater proportion 
of herbaceous material ( leaves a nd sprigs) at 
4 months than at 12 months. The protein pro­
duction values of cassava foliage were highest 
for density 1 and for frequency 1, with values 
of 2.2 and 2.4 t/ha of protein, respectively. 

Conclusions 
By comparing the foliage production of dry 

and rainy season planting over a 12 month 
period, it is evident that for both fresh a nd dry 
matter production, p lanting the crop in the 
ra iny season is better. 

During the dry season, cutting frequency but 
not plant density exerted a significan! effect on 
fresh foliage production. In the wet season, 
both density and cutting frequency influenced 
foliage yield. 

Root production was seriously affected by 
cutting the foliage at 4 months. However, 
cutting at 8 months only reduced yield slightly 
because the roots had already formed a nd ac­
cumulated reserve material. 

Excellent d ry fo liage and protein production 
can be obtained by successive cuttings at 3, 6, 
9, 12, 14, and 17 months. 

lt would seem advantageous for foliage pro­
duction in the ecological conditions found in 
Maracay to plant in the rainy season, with 
densities of between 31 250 and 15 625 plants/ 
ha. Harvests should then be done every 75-90 
days, up to 17-20 months. Production should 
be for foliage only, not roots and foliage. It 
will be necessary to dcvelop a system to me­
chanically prune the foliage and thus reduce 
the manual labour factor. 

The Effect of Various Levels of Cassava Leaf Mea) 
in Broiler Chicken Rations 

J. J. Montilla, R. Vargas, andA. Montaldo1 

Cassava leaf meal was used as a protein source in the rations of 1-day-old Vantress X 
White Rock chicks. When rations were administered in meal form, body weight gain and 
dietary efficiency were depressed at all levels of fo liage addition up to the sixth week. 
This depression was noticeable during the last 4 weeks only at the top level of substitution. 
Pelleting greatly improved the adverse etfects that appeared when the feed was given in 
mea! form. 

1Facu1ties of Veterinary Science and Agronomy, Universidad Central, Maracay, Venezuela. 
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Table l. Body weight and dietary efficiency gains in experiment l. 

Treatment 

O% 
10% 
20% 

0-6 weeks 

BW 

1049Aa 
940Bb 
801Cc 

DE 

2.3Aa 
2.6Bb 
2.8Cb 

0-8 weeks 

BW 

1495Aa 
1395Ba 
1262Cb 

DE 

2.6 
2.8 
3.0 

0-10 weeks 

BW DE 

1920As 2.8Aa 
1845Aab 3.0Aab 
1699Bbc 3.1Bb 

Non: Different lower case letters after values in a column indicatc significan! differ­
ences (p = 0.01); diffcrent capital letters aftcr values in a column indicatesignificantdiffer­
ences (p = 0.05). 

Cassava foliage has a high protein content 
that may be as high as 22 % when it is cut at 
2-month intervals. When cassava is planted for 
the sole purpose of ha rvesting its leaves, yields 
of up to 150 ti ha per year may be obtained. 
Therefore, cassava should be considered as an 
alternative when trying to solve the problem of 
protein deficiency in rations for domestic ani­
mals in the tropics. 

According to Eggum ( 1970). the protein in 
cassava leaf matter is deficient only in methi­
onine and its biological value. as determined in 
rats, reaches from 49 to 80% when supple­
mented with this ami no acid. At the same time, 
nitrogen is increased from 2.04 to 3.02%. 

Ross and Enriquez (1969) fed poultry with 
rations containing mea! from the leaves and 
stalks of cassava at levels of 3-20%. They 
found depression in growth and dietary effi­
ciency. This situation was remedied by supple­
menting with 0.2 % methionine and 3 % corn 
oil. They concluded that mcthionine was the 
first limiting factor, and that energy was the 
second, in chicken rations containing cassava 
leaf meal. 

The objective of this study was to further 
investigate the possibility of using cassava leaf 
mea! in broiler rations. 

Material and Methods 
Two 1 0-week tests were carried out, in a 

completely randomized system, using a total of 
480 Vant ress x White Rock 1-day-old chicks. 
The test unit in both experiments was 1 O broil­
ers, with four groups assigned to each treat­
ment. The birds were placed in four-tiered, 
metal batteries that were electrically heated. A 
daily record of feed consumption was kept. and 
the chicks were vaccinated against fowl pox, 
avian diphtheria, and Newcastle disease. The 
rations administered were prepared starting 

from a base ration of corn, sesame, cotton, soy­
bean, meat, and bone and fish mea!, balanced 
for all nutrients. 

The cassava leaves contained: 93.5 '/o dry 
matter; 2 1.4% crude protein; 4.8 % ether 
extract; 27.1 % crude libre; 36.9% nitrogen­
free extract; and 9.9 % ash. The mea! was pre­
pared by chipping the foliage in a stationary 
chipper, drying it in the sun for about 24 h, and 
then grinding it in a hammer mi li. 

The cassava leaf mea! was added to the basic 
ration at levels of 1 O, 20, and 30%. substitut­
ing the oil-seed (sesame and cotton) and the 
cornflour by 75 and 25%, respectively, for 
each substitution leve!. The rations with cas­
sava leaf mea! were supplemented with 0.15% 
methionine for every 10% of foliage added. 

In the first experiment, feed was adminis­
tered in the form of mea! and, in the second, 
rations in the form of mea! and pellets were 
compared. Water and feed were administered 
freely and a daily record of consumption kept. 
The broilers were weighed at the start of the 
experiments and then every 2 wecks. The data 
were subjected to variance analysis and to 
Duncan's multiple comparison tests. 

Results and Discussions 
Table 1 summarizes the data for experiment 
for body weight gain and dietary efficiency. 

There was a highly significan! linear depression 
(p = 0.01) for body weight gain at the second 
week. This situation continued up to the sixth 
week, when the broilers fed on the rations with 
20 and 30% cassava leaf mea! reached only 
83.5 % of the gain reached on the basic ration. 
Body weight gains reached during the seventh, 
eighth, ninth, and tenth weeks were very simi­
lar for all treatments, indicating that the broil­
ers made better use of the rations with the 
cassava leaf mea! as they grew older. 
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Table 2. Body weight and dietary efficiency gains in experiment 2. 

0-6 weeks o-s weeks 0-10 weeks 

Treatment BW DE BW DE BW DE 

F-0% II!Oa 2.1a l469bc 2.\a 1987c 2.5a 
F-0%-P 1093a 2.2abc 1615a 2.5bc 2123a 2.8be 
F-10% 1002ab 2.3abc 1463c 2.6cd t962c 2.8c 
F-10%-P 1026ab 2.4abc 1612a 2.5bc 2089b 2.7bc 
F-20% 886cd 2.6c 1311e 2.9ef 1774e 3.2def 
F-20%-P 995ab 2.5abc 151lb 2.8de 1972c 3.Icde 
F-30% 759c 3.2d 1190f 3.3g 1720f 3.4f 
F-30%-P 932bd 2.6bc 1387d 3.0f 1870d 3.3f 

NoTE : F = foliage; O, 10, 20, and 30 % = levels ofaddition; P = pelletized. Oiffer-
ent lower case letters after values in a column indicate significan! differences (p = 0.01). 

A similar situation existed with regard to 
dietary efficiency. This was depressed at each 
leve! of foliage addition up to the sixth week. 
At the eighth week, noticcable ditferences ex­
isted only between the ration with 30% foliage 
and the other three. The fact that the relatively 
large ditferences that are shown in dietary effi­
ciency during the second and tenth weeks do 
not show significance, is due to the large losses 
caused by food spillage tha·t results in a high 
degree of individual ditferences among groups. 
This food spi llagc was due to the low consist­
ency given to the meal by the foliage. 

It is evident that at any of the levels of cas­
sava Ieaf mea! studied, with mea! type rations, 
at Ieast 9 weeks are required for broilers to 
reach marketable body weight. At the tenth 
week, the efficiency of food conversion was re­
duced by 5.7, 12.1, and 23.2 % when foliage 
was added at levels of 1 O, 20. and 30% . 

Table 2 summarizes the information ob­
tained from experiment 2. Jt is evident that the 
mea) preparation in pellet form improved body 
weight gains and dietary efficiency. up to the 
eighth week. This etfect was not shown for the 
ninth and tenth weeks, during which time, no 
appreciable differences were noted, either for 
the form of the feed or between the levels of 
cassava foliage used. 

The best body weight and food conversion 
gains were reached with the basic ration, but 

the ditferences shown between this and the 
pelleted rations, with 1 O and 20% foliage, al­
though significan! in sorne cases, were smaU 
and comparable to those recorded in com­
mercial enterprises. 

On the other hand, the reduction in ration 
costs Iargely compensates for the reduction in 
dietary efficiency. With the ration of 30% 
foliage in pellet form, weight gain was com­
parable with commercial levels, but the dietary 
effici.ency loss was Iarge. The economic effect 
must be evaluated before deciding whether to 
use foliage at this leve!. This would necessitate 
obtaining cassava foliage production cost data. 

Conclusions 
This p rel iminary work suggests that it is pos­

sible to add cassava leaf mea!. at relatively high 
levels, to the rations of broiler chickens in pel­
Iet form. Studies should continue in an attempt 
to clarify the possibility of using this material. 

Eggum, B. O. The protein qua/ity of cassava 
/eaves. British J. Nutrition, 24, 1970, 761-768. 

Montilla, J. J., Garcia, J. A., and Reveron, A. E. 
Valor pigmentan/e de diversas harinas verdes 
agrupadas a las raciones para pollos de engorde 
y su efecto sobre el incremento de peso. 
Ciencias Veterinarias, 2. 1973, 258-290. 

Ross, E., and Enriquez, F. Q. The nutritive value 
of cassava lea! mea/. Poultry Sci. 1969, 846-
853. 
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Sweet Potato Production, Handling, Curing, Storage, and 
Marketing in North Carolina 

L. G. Wilson, C. W. Averre, and H. M. Covington1 

North Carolina has an excellent climate and soil for producing high yields of quality 
"yam-type" sweet potato cultivars. 'Jewel,' wbich stores wcll for over 9 montbs, originated 
from tbis state. Over thc past 30 years, the combined efforts of rescarch and extension 
scientists and interested growers and persons in agribusiness industries have minimized 
tbe effects of diseases and insects, and introduced improved production, harvesting, curing, 
storage, and marketing tecbniques. Nortb Carolina is tbe leading sweet potato producing 
state in tbe United States and produces over one-tbird of the crop. Growers and shippers 
bave a well-organized, effective association to promote tbeir products nation-wide and to 
support all aspects of tbe sweet potato industry. Sweet potatoes are the leading horticul­
tura! commodity in North Carolina and are sold in every marketing arca east of the 
Rocky Mountains. Discussion includes problems, curren! invcstigations, and future trends. 

The sweet potato (lpomoea batatas} is 
grown co!llmercially as an annual crop in the 
United States, even though it grows as aperen­
nial in the Neotropics, its centre of origin. This 
crop has been grown in North Carolina for 
nearly two centuries and has been the leading 
horticultura! crop in this state for much of this 
century. North Carolina has led al! states in 
sweet potato production since 1969, due in no 
small part to its ability to produce efficient ly 
and thereby compete effectively in many 
markets. 

The success of the North Carolina sweet 
potato industry is partly a ttributable to the 
many contributions of a group of research and 
extension scientists at North Carolina State 
University, the members of support industries 
in the agribusiness community, plus growers 
who are interested in developing better ways to 
grow sweet potatoes. An importan! factor re­
sponsible for North Carolina's success has been 
the keen interest of growers and shippers and 
their formation of the North Carolina Yam 
Commission, lnc. in 1961. This well-organized, 
cohesive group of growers and shippers has 
successfully promoted research and develop­
ment, and the production and marketing of 
quality sweet potatoes. Their voluntary assess­
ment on this product (2~ per bushel fresh, 2~ 
per cwt processed) has provided funds to gain 
market territories through merchandising, pro­
motion, and advertising efforts. They have im­
posed seasona l limitations o n themselves on the 
sale of freshly ha rvested, uncured sweet pota­
toes. They continue to strive for an improved 

1 Agricultura! Extension Services, North Caro­
lina State University, Raleigh, N.C. 27607, USA. 

consumer quality image and greater opera­
tional efficiency with the capability of relating 
to the needs of world markets in the future. 

Another aspect of the success story in North 
Carolina is related to the peculiar prominence 
of tobacco, its allotment system, and the coo­
solidation of tobacco allotments. The number 
of farms in North Carolina is second onJy to 
the State of Texas. Many of these farmers are 
constantly seeking new crops to grow, since 
tobacco production is essentially a "closed 
shop" and ever larger farming units are neces­
sary. Sweet potatoes and tobacco are some­
what complementary crops with regard to la­
bour utilization and field operations. 

Cultivars 

'Porto Rico,' and more recently 'Centeonial,' 
were the predominan! cultivars in North Caro­
lina until the early 1970s. In 1969, 'Jewel' was 
released by the North Carolina State University 
Agricultura! Experiment Station. Although 
poorly received by the industry at first, North 
Carolina growers and sh ippers soon realized 
that 'Jewel' was a high yielding (ca. 500 
bushels/ acre avg, up to 1 000 bushels/ acre 
experimentally), high quality, fresh market 
sweet potato with excellent storage. and good 
processing qualities. They found it to be widely 
adaptable, early sizing ( "chunky" shape) , soft­
fleshed, and resistan! to severa! diseases (i.e. 
Fusarium wilt, interna! cork virus, and southern 
root-knot nematode ) and sorne insects ( i.e. flea 
beetle) . lts popularity has increased annually, 
and in 1976 over 75% of the acreage of sweet 
potatoes in North Carolina were planted to 
'Jewel.' This cultivar is also popular in many 
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other sweet potato producing areas of the 
United States. 

Major weaknesses of 'J ewel' include its sus­
ceptibility to "souring" in wet soils (anaerobic 
soil conditions) a nd skinning. For these rea­
sons, sorne growers still plant sorne 'Centennial' 
and other "wet tolerant" cultivars. These prob­
lems maintain high priorities in the current 
sweet potato breeding program in North Caro­
lina. 

Transplant Production 
The "seed program" of each grower is criti­

cal and much thought and effort is expended 
on this phase of each successful operation. The 
North Carolina Crop Improvement Associa­
tion, primarily through the North Carolina 
Certified Sweet Potato Growers' Association, 
cooperates with North Carolina State Univer­
sity and the sweet potato industry. This or­
ganization is responsible for certifying each 
sweet potato cultivar as to purity and freedom 
from certain pests and diseases. Crop improve­
ment personnel perform field and storage in­
spections and wo rk closely with the sweet po­
tato breeding progra m at North Carolina State 
University. Growers are urged to purchase 5-
10% of their requirements each year as either 
certified seedstock or certified transplants so 
that their planting stock is never mo re than two 
generations removed from certified stock. 

Presprouting seedstock at curing tempera­
tures (ca. 30 •e ) for approximately 4 weeks 
prior to bedding results in more prolific sprout 
production ( Covington 1 962 ) and has beco me 
a standard practice in N orth Carolina. Unfor­
tunately, sorne growers do not fully compre­
hend that metabolic activity of the seedlings 
increases during presprouting, presenting a 
greater de mand for oxygen a nd p roducing 
more carbon dioxide. Insufficie nt ventilation 
results in poor sprout production and often 
causes seed stock to rot before bedding. 

Sweet potato seed stocks are placed in beds 
elevated about 10 inches (25 cm) a nd are most 
commonly about 3 ft ( 1 m or less) in width. 
depending on the grower's operation. Due to 
the high cost of labour, careful ha nd placement 
of the roots has generally been replaced by 
pouring seed roots from boxes or pallet bins. 
Most seed roots a re dipped in, o r drenched 
with, a fungicide and the beds are treated with 
a herbicíde. A uniform covering of 2 inches of 
soil and 2-mm clear plastic covers are recom-

mended. Fertilization and irrigation promote 
more prolific sprouting. 

Transplants are generally pulled, but where 
scurf or black ro t a re suspected, growers are 
ca rcful to cut sprouts off a bove the ground to 
avoid tra nsmitting these fungi to their fields. 
Rotting of roots in the plant beds and/ or in­
ferior sprout production is a problem, a nd de­
serves attention. 

Considerable effort continues to be applied 
to develop effective systems fo r direct planting 
of seed pieces in the field in hopes of reducing 
the labour requirement for transplant produc­
tion, which represents approximately one-half 
of the total cost of sweet potato production in 
North Carolina. Breakthroughs in seed piece 
planting do not appear possible with all culti­
vars due to genetic characteristics. 

Field Preparation 

There are approximately 2 million acres 
(910 000 ha) of soil in eastern North Carolina 
that a re well suited for the production of 
quality sweet potatoes. Much of this is Norfolk 
fine sandy Ioam soil (typically containing 65 % 
sand, 20% silt a nd 15% clay, with about 1% 
orga nic matter) , which has good interna! 
drainage and permits good root development. 
Fertilizers and soil moisture are retained within 
the sweet potato root zone because these soils 
are underlaid, 18-20 inches below the surface, 
with heavie r soils containing a much higher 
percentage of clay. F ield selections are gener­
ally made in the fall and the soil pH adjusted 
to 5.8-6.2. The benefits o f greater ferti lizer 
efficiency warrant Jiming, even if the field is 
rented for only a single season. 

After the soil is broken in early spring. it is 
ridged to promote optimum drainage. This is 
especially importan! during the later stages of 
growth and development when the storage 
roots are most susceptible to "souring." About 
2 weeks prior to transplanting, a preplant fe rti­
lizer is incorporated into this ridge a long with 
an appropriate nematicide. Severa) nematicides 
are approved and recommended ( dichloropro­
pene, EDB (Dowfume, Soilbrom), ethoprop 
(Mocap) , and fensulfothion (Dasanit) (North 
Carolina State U niversity 1 976) . 

Weed control is accomplished by cultivating 
plus the use of recommended and approved 
herbicides (diphenamid (Dymid or Enide), 
DCPA (Dacthal), chloramben (Amiben) and 
vemolate (Vernam)) . Vernolate must be in-
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corporated prior to planting, but the others can 
be band- or solid-sprayed over the transplanted 
rows. 

Crabgrass ( Digitaria sanguinalis), ragweed 
(Ambrosía artemiisifolia), lambsquarter (Che­
nopodium album), and cocklebur (Xanrhium 
americanum) are the major weed pests in 
North Carolina sweet potato fields. 

Fertilization of sweet potato fields depends 
on the results of soil analyses, rainfall, and the 
individual grower's operations. Generally. it is 
recommended that 90-11 O lb/ acre ( 108-132 
kg/ ha) of nitrogen be applied; about 30 lb (36 
kg/ ha) at preplant, 40 lb (48 kg/ha) side­
dressed at the Iast cultivation, and another 20 lb 
(24 kg/ ha) broadcast 4-5 weeks Iater. An addi­
tional 20 lb/ acre (24 kg/ ha) of nitrogen m ay be 
used any time following rainfall, which may 
cause excessive leaching. Phosphorus (P2 0 5) is 
required at about 60 lb/ acre (72 kg/ ha) and 
should all be preplant applied. Potassium (K20) 
is required at about 150 lb/ acre ( 180 kg/ ha), 30 
lb (36 kg) of which is preplant applied and the 
remainder sidedressed at the Iast cultivation. 
Many growers have developed their own ferti­
lizer programs. However, a typical schedule 
may resemble the following: 500-600 lb/ acre 
(560-672 kg/ ha) of 6-12-6 banded in the row 
or broadcast as a preplant application, about 
500 lb/ acre (560 kg/ ha) of 8-0-24 sidedressed 
at the last cultivation (mid-July) and 100-200 
lb/ acre ( 112-224 k g/ ha) of sodium nitra te ap­
plied as a topdressing 4-5 weeks after the last 
cultivation ( mid-August ) and/ or as required 
due to excessive leaching. Since the physio-
1ogical storage disorder, "blister" affects sorne 
varieties grown in North Carolina (i.e. 'Jewel'), 
0.5 lb/ acre (0.6 kg/ ha) of boron is also ap­
plied; usually it is formulated in the preplant 
fertilizer as Borax or Solubor if requested by 
the grower. 

Diseases 
Historically, sweet potato diseases have been 

a major problem confronting the industry in 
North Carolina. but they are under reasonable 
control at this time. Interna! cork (a virus 
disease) and blue stem (Fusarium oxysporum 
f. sp. batatas) were extremely serious when 
'Porto Rico' and other cultivars were widely 
grown; 'Centennial' and 'Jewel' possess accept­
able levels of resistance. Black rot ( Ceraro­
cystis fimbriata) and scurf (Monilochaetes in­
fuscans) have been under control for approxi-

mately 15 years with a carefully followed plan 
of crop rotation , sanitation, and use of certified 
seed. Pox (Strepromyces impomoeae) is not 
present in the major sweet potato growing 
arcas of North Carolina. Southern blight or 
circle spot (Sc/erotium roljsii) occasionally 
causes locally serious problems. The fungus is 
soil-borne and is widespread. 

The root-knot nematode (principally Melo­
idogyne íncognira) is wiúespread in the sweet 
potato growing arcas of North Carolina. Sorne 
growers continue to sustain losses due to nema­
todes even though exccllent control pro­
cedures, based on soil sampling and the use of 
nematicides, have been proveo effective. Losses 
are compounded because yields are reduced 
and quality is lowered. 

Rots of mature and / or harvested storage 
roots probably cause losses o( over 15% an­
nually. These rots are causcd by several fungi 
and possibly sorne bacteria and viruses. In 
most cases. however, the indirect or predispos­
ing factors include : soils watcrlogged for more 
than 1 da y. bruises, chilling below 1 O ·c. heat­
ing and drying in the sun, and poor curing con­
ditions. These rots continue to be a problem 
and control is based on proper field selection 
and handling of harvested roots. 

Insects 
At the present time, insects do not cause 

problems of major proportions in sweet potato 
production in North Carolina. Numerous in­
sects feed on the foliage but there is no evidence 
that they cause yield reductions. 

Wireworms (Condoerus jalli, Condoerus 
vespertinus, and Melanotus communis in order 
of importance, respective) y) can cause damage 
by making small holes in the storage roots. 
These insects are controlled by broadcasting a 
granular insecticide (i.e. fonophos or Diazinon) 
over the foliage when the storage roots begin 
to form. 

Various species of white grubs occasionally 
damage sweet potatoes. Such damage can be 
minimized by avoídíng soíls that are high in 
organic matter and/ or by broadcasting and in­
corporating a granular insecticide into the soil 
prior to planting. 

Flea beetles (Chaetocnena confinis) attack 
sweet potatoes causing damage resembling 
"writing" on the surface of the storage roots. 
This insect is best controlled by planting re­
sistant varieties, such as 'Jewel.' Fortunately, 
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no sweet potato weevil ( Cylas formicilarius 
elegantulus) infestations presently exist in 
North Carolina. To prevent this most destruc­
tive insect from getting established, growers are 
careful to use only seed stock and plants from 
noninfested arcas. If it is necessary to import 
plants or seed stock from other states they must 
be certified "weevil-free" by the official certify­
ing agency in the state of origin. 

Occasionally, lepidopterous larva (i.e. Heli­
ophis zea) on the foliage at harvest may dam­
age exposed, harvested roots by feeding on 
them. 

Harvesting and Handling 

Most sweet potatoes in North Carolina are 
turned out of the ground by plow and hand­
graded into field boxes or 20-bushel pallet bins. 
This labour-intensive method requires con­
stan!, close supervision to ensure that all of the 
sweet potatoes are "scratched out" of the 
ground and that thcy are graded accurately, 
and to minimize handling damage. 

Riding harvesting aids are popular because 
they keep labourers together and take sorne of 
the drudgery out of their work, although they 
do little to reduce the totallabour requirement. 
The roots are dug and elevated to a horizontal 
conveyor where they are separated from their 
vines and graded by hand into appropriate con­
tainers. New devining equipment has been de­
veloped that virtually eliminates hand vine 
separation. 

A mechanical harvester is available that har­
vests sweet potatoes and transfers them field­
run into 20 bushel pallet bins. This equipment 
is best suited for freshly harvested green sales, 
but with careful handling with appropriate 
hydrohandling equipment, sweet potatoes har­
vested in this manner can be cured and stored 
for packaging and marketing at a later date. 
Avoiding mechanical injuries, prompt place­
ment of roots under curing conditions, and 
sanitation (in such a system) are essential to 
minimize storage rots. When properly op­
erated, the paddlewheel transfer system, re­
cently developed in North Carolina, is well 
suited to such a hydrohandling system. 

Experiments with bulk harvesting systems 
that will handle 100-200 bushel units from the 
field to storage are currently in progress. 
This "systems approach" to mechanization 
could revolutionize sweet potato production 
and handling. 

Approximately 30% of the annual Nortb 
Carolina sweet potato crop is processed. This 
represents that portion of the crop that does 
not meet quality specifications for the fresh 
market ; none are grown specifically for pro­
cessing. Processed sweet potatoes are generally 
handled in bulk. 

Curing and Storage 

Those sweet potatoes not sold directly from 
the field at harvest time are cured for 7-1 O 
days at 29 •e at a relative humidity of 90% 
or higher. Much of the more than 6 million 
bushels of storage facilities in the state include 
modern curing facilities. Tbese consist of floor 
trenches to provide heat and high humidity, 
fans for the necessary aeration ( ventilation), 
and adequate insulation. 

The curing process is primarily one of 
wound healing ( pcriderm formation) to mini­
mize the invasion of rotting organisms. Curing 
also promotes the culinary quality of this com­
modity by inducing the increase of enzymes 
( primarily a-amylase), which promotes the 
hydrolysis of starches to sugars (Walters et al. 
1975) . The sooner sweet potatoes are cured 
after harvest the better their quality will be 
maintained during storage. Delays (between 
harvest and curing) result in excessive shrink­
age in storage and losses due to rots. After 
proper curing, sweet potatoes are held at 13-
15 ·e and high humidity with occasional 
ventilation, until marketed. 

Packaging and Marketing 

Nearly all of North Carolina's fresh sweet 
potatoes are packaged in one bushel fibreboard 
boxes weighing 50 lb (22.7 kg). Wirebound 
boxes and bushel baskets, which were used ex­
tensively in the past, are now used only for 
local marketing. Most of North Carolina's 
sweet potatoes are marketed in eastern and 
central U.S. population centres. Occasionally, 
however, they are marketed over the entire 
country. The crop is marketed fresh all year, 
but primarily in September through January, 
with peak marketing periods coinciding with 
U.S. holidays such as Thanksgiving, Christmas, 
and Easter. 

There are three large sweet potato processing 
plants in North Carolina. One of these plants 
produces dehydrated sweet potato fiakes, using 
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a fiaking procedure developed at North Caro­
lina State University. 

Sweet potato chips are in the advanced stage 
of development at North Carolina State Uni­
versity. This product shows promise of be­
coming a highly desirable snack food similar 
to potato chips. 

At this stage, the postharvest problems of 
sweet potatoes probably require more atten­
tion than any other single area of this crop. Thc 
education of handlers and consumers is needed 
to promote proper handling and storage con­
ditions (especially temperatures) for enhanced 

sweet potato quality maintenance and further 
reduction of losses. 
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Sweet Potato Production in Hawaü 

J. S. Tanaka and T. T. Sekioka1 

This paper describes tbe general cultural practices of sweet potato production in 
Hawaii. Presented are cultivars grown, metbod of planting, fertilizer application, pest 
control, barvesting, and factors contributing to increased yield. 

There are two types of sweet potatoes 
(lpomoea batatas) grown for the market. The 
type referred to as sweet potato in Hawaii is 
dry-fteshed with white to paJe yellow or purple 
ftesh and is used mostly for boiling or frying. 
The other type, popularly called "yam," is 
moist-fteshed with orange ftesh and used mostly 
for baking. 

The sweet potato is grown all year round and 
is planted on all islands, with 71 % being grown 
on the island of Oahu. Approximately 20 ha of 
sweet potato are harvested yearly with a pro­
duction of 373 tons. Data for sweet potato pro­
duction in Hawaii from 1965 to 1974 can be 
found in "Statistics of Hawaiian Agriculture, 
1974." Approximately 246 tons of sweet po­
tato are imported to the state of Hawaii an­
nually from the United States mainland. 

Cultivars 
There are dozens of native clones of sweet 

potato in Hawaii. Many of these clones are still 
grown to a limited extent. Kona B is the best­
yielding baking or yam-type sweet potato, 
whereas Waimanalo Red is the earliest, best­
yielding, highest quality dry type. Other moist 

JUniversity of Hawaii, Honolulu, Hawaii 
96822. Paper published with the approval of the 
Director of the Hawaii Agricultura! Experiment 
Station as Journal Series No. 2011. 

type cultivars are Iliula and Onolena, whereas 
other dry-type cultivars are HSPA-3 , Miya­
shiro, and Kaneohe Red. All of the cultivars 
mentioned above are of local origin except 
Waimanalo Red, which was introduced from 
Okinawa. 

PJanting 
The sweet potato is propagated by means of 

tip cuttings in Hawaii because planting ma­
terials are available throughout the year and tip 
cuttings are relatively free from vine borers 
and diseases. The cuttings are about 8-12 
inches in Jength with all except two or three of 
the terminal Ieaves removed from the vine. 

The cuttings are planted at an angle with 
two-thirds of the stalks covered with soil. They 
are spaced 6-12 inches apart in the rows, with 
rows set 3 ft apart. Close spacing of plants in 
the rows encourages the development of roots 
that are of the best shape and size for the 
market. Wider spacings tend to produce extra 
large roots that are a lower grade and thus 
fetch a lower price. 

Fertilizer Applications 
A fertilizer with a medium amount of nitro­

gen and phosphate and a great amount of 
potash is best. Rates (kg/ ha) of fertilizer 
recommended are: N 40-50, P20 5 70-110, 
and K20 70-110. 
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Weeding 
Weeds are controlled with the use of herbi­

cides such as diphenamid and dacthal. Once 
the vines close in, weeds are no Ionger a 
problem. 

lnsect Control 
Tbe insects that most commonly attack 

sweet potato are: weevils, stem borers, and red 
spider mites. There are two types of weevils. 
One is a small, grayish type known as the West 
Indian sweet potato weevil ( Euscepes post­
/aciatus Furm) and the other is a Iarger metal­
lic blue-coloured weevil , with an orange-col­
oured thorax called Cylas sweet potato weevil 
(Cylas formicarius elegantus Sum). Control of 
the weevils is by dipping the cuttings in dia­
zinon before planting, by rotation of the crop, 
and by spraying with diazínon. Stem borers 
are controlled by spraying with diazinon and 
mites by sulfur dusts or sprays. 

Disease 
Diseases of sweet potato are usually not 

serious in Hawaii because most of the plantings 
are done by disease-free tip cuttings. In sorne 
areas, Ieaf scab caused by Sphaceloma batatas 
has caused abandonment of sweet potato plant­
ings. No control of this disease is known. 

Harvesting 
Sweet potatoes are ready for harvesting 4-6 

months after planting. The vines are usually 
cut at the base and either removed or rolled 
over into the aisles before digging, usually with 
a middlebuster ( double moldboard plow) or, 

on a smaller scale, with a spading fork or 4- to 
6-pronged potato hoe. 

Factors Contributing to Increased 
Yield 

Cultivar Improvements 
lntroduction and the polycross method of 

breeding have been used successfully in 
Hawaii. The primary objectives of the breeding 
program are high yield, early maturity, red 
skin colour, and minimal vine growth. Re­
cently, high carotene has become another goal. 

Cultural Practices 
Aside from the use of improved cultivars, 

the adoption of improved cultural practices has 
played a significant role in the steady increase 
of sweet potato yield. These are: ( 1) bettcr use 
of fertilizer; (2) timely irrigation in nonirri­
gated fields; and ( 3) better control of the sweet 
potato weevils ( Cylas formicarius elegantus 
Sum and Euscepes post/aciatus Furm). Further 
improvements in yield may be attained 
through : ( 1) reducing the growth period of 
5-6 months to 4-4.5 months (the incorpora­
tion of early maturity with other horticultura! 
characteristics is one of the goals of the breed­
ing program) ; and (2) mechanization of most 
production phases (because of increased costs 
and shortage of Iabour). 

Joint etforts among plant breeders, phytopa­
thologists, entomologists, agricultura! en­
gineers, and economists are necessary to ensure 
the progress of sweet potato production in 
Hawaü. 

IBPGR and FAO Programs for the Collection of Crop 
Germ Plasm and its Long-Term Conservation 

J. T. Sykes1 

F AO's program in genetic resources started 
in 1961. Advised by the F AO Panel of Ex­
perts on Plant Exploration and Introduction, 
standards and procedures for long-term conser­
vation of base collections were proposed in 

lCrop Ecology and Genetic Resources Service, 
Plant Production and Protection Division, FAO, 
Rome, Italy. 

197 5 that included recommended condition for 
storage of "orthodox" seeds. lnstitutions that 
maintain "base" or "active" collections were 
determined by an FAO survey. Many of these 
institutions are willing to provide space for in­
ternational storage. However. regions that have 
few stores of base collect ion standard include 
Africa, South and Southeast Asia. and Meso­
America. Ideally, "orthodox" seed, stored ac-
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cording to a prescribed "preferred" standard, 
reduces the need for frcquent regeneration of 
accessions. Capital and operating costs of stores 
at sub-zero temperature, thought to be not ex­
cessive, need to be quantified and further re­
fined. 

principies that thc Board has adopted. 
IBPGR has cstablished two dimensions of 

crops and rcgions as a matrix for its priorities. 
Cassava. potato, swect patato, and yam are 
among the tropical root and tuber crops to 
which prioritics ha ve becn assigned in 1 O of 
the 14 designated regions. The IBPGR is pro­
moting germ plasm collections of tuber and 
root crops, grain Jegumes, millct. and rice in 
West Africa; cerea1s in North Africa. India, 
and Pakistan; rice in Southeast Asia; and po­
tato, tropical forage legumcs and grasses, 
maize, and groundnuts in Latín Amcrica. 

The International Board for Plant Genetic 
Resources (IBPGR) was establishcd in 1974. 
Its basic objective is to promete an inter­
national network of gcnetic resources activities. 
Free exchange of material and information re­
lated to it, the deposition of duplicate collec­
tions in their country of origin, and the dup1i­
cation of "base" collections are three basic 

Sumrnary of Discussions 

Basic Productivity 

Rapporteur: James Cock 

Discussion Leaders: James Cock, Brown Enyi, and Bede Okigbo 

The similarity between tropical and temperate root crops is tremendous, and 
much of the sophisticated work done in temperate regíons can form a base for 
tropical root crop investigatíon. The root crops, unlikc the cercals and many othcr 
crops that have theír sexual organs as the usablc parts, produce the source and fill 
theír sink at the same time. This means that there ís always a balance between pro­
duction of source and filling of the sink, and any increase in source sizc will be made 
at the expense of the sink. 

This situation means that optimum leaf area índices for root and tuber crop 
yields may not be very high (i.e. 3-4) and hence lcaf angle and canopy structure 
may not be importan!. Work on cassava and sweet potato support this hypothcsis 
but in Tania higher yields are related to grcatcr lcaf arca durations. The primary 
productivity of the crop may not be as important as the partitioning in tropical 
root and tubers crops; this agrees with Dr Loomis' thinking in the case of sugar 
beet. In the root crops, very high plant populations tend to increase primary pro­
ductivity but decrease partitioning to the roots and decrease yield. 

The ideal would seem to be a crop that has a very rapid leaf arca index build 
up and once this is formed it should be maintained by a long 1eaf lifc with nearly all 
new production of dry matter being used in the production of roots and tubers. 
This may be very difficult as types in which 1eaf growth is dominant at the early 
growth stages maintain this dominance throughout the whole cycle. 

Various attempts to correlate yield with net assimilations rate and photo­
synthesis are dangerous and often invalid. A plant that has medium LAI will have 
a higher yield, due to better dry matter distribution, than a very high LAI crop in 
many cases. The medium LAI crop will also have a higher net assimilation rate and 
hence a spurious correlation between yield and net assimilation rate. Similarly, 
trying to relate yield to photosynthetic rate of sink Iimited crops, as has been tried in 
com and soya, is obviously futile. 

Frequently, workers are exhorted to produce high protein root and tuber crops, 
but there is found to be negative effect on yield due to the extra energy needed to 
produce protein when compared with starch. When starch is stored, it should be 
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stored in such a manner that its maintenance respiration is Iow. The whole relation­
ship between photosynthesis and respiration needs further study. 

The use of models to describe plan! growth has certain limitations due to the 
difficulties of describing canopy structure in complex branching crops. Nevertheless, 
a model is a useful tool for defining plant types and assessing the physiological 
effects of diseases and pests on the plant. In cotton , the yield Iosses due to insect 
attack ha ve been assessed very accurately by model. 

Translocatíon has been cited as limiting yield, but there is little evidence for 
this in the root crops. In sugar beet, no substrate build up effect on photosynthesis 
could be induced. 

The effects of photoperiod need more study, especially the way in which they 
change partitioning. 

lt is a tragedy that there are not more breeder physiologists. and in general in the 
tropical regions there are few crop physiologists. Physiology teaching stops at the 
leve! of one plant and makes little effort to describe the situation in a plant com­
munity. 
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Cassava Diseases and Their Control 

J. C. Lozano andE. R. Terry1 

For the purposes of control, cassava pathogens are classified as (a) those that attack 
vegetative propagating material, (b) those that attack foliage and green stem portions, 
and (e) root rot pathogens tbat can induce preharvest and postharvest deterioration. 
Control measures for each of these categories are discussed and recommendations are 
made. These measures, however, sbould be applied as part of an integrated system for 
any cassava cultivation program. 

Until recently cassava was considered to be 
resistant to diseases and pests; it is now ac­
cepted that diseases can cause severe losses 
and that they are economically importan!. 
Cassava is affected by more than 30 fungal, 
bacteria!, viral. or viruslike and mycoplasmal 
agents (Lozano and Booth 1974). These dis­
eases can affect plant establishment and vigour, 
inhibit photosynthetic efficiency, or cause pre­
harvest or postharvest deterioration. Sorne 
causal agents are distributed worldwide, ap­
pearing endemically in almost all cassava plan­
tations (leaf spots induced by Cercospora spp. 
and Oidium spp.) (Lozano 1976; Terry 
I975a) . Others are limited to geographical 
areas or continents (the causal agents of cas­
sava bacteria! blight, American viruses, and 
mycoplasmal diseases) (Lozano 1972, 197 5), 
possibly because their dissemination occurs 
mainly through the use of infected planting 
material for propaga tion. 

African mosaic disease and brown streak 
virus are limited to Africa (Lozano 1972; 
Terry 1975a), Asían mosaic disease to Asia, and 
superelongation disease to America (Lozano 
and Booth 1974; Lozano 1972). Apparently 
the causal agents of African and Asían mosaic 
diseases are not present in America, although 
the vector (Bemisia spp.) was recently identi­
fied on this continent (Bellotti personal com­
munication). Other widely distributed patho­
gens attack cassava only during the cool and 
rainy periods of the year or in areas Iocated at 
high elevations (more than 1200 m) , where 

lCentro Internacional de Agricultura Tropical, 
Apartado Aéreo 67-13, Cali, Colombia, and Inter­
national lnstitute of Tropical Agriculture, P.M.B. 
5320, Ibadan, Nigeria, respectively. 
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temperatures are below 22 oc (Phoma sp. and 
Cercospora caribaea) (Lozano and Booth 
1974; CIAT !974, !975). There are other 
pathogens whose incidence is limited by en­
vironmental conditions, possibly because they 
require high relative humidity (nearly to the 
saturation point) for germination and estab­
lishment (CIAT 1974) . 

Pathogens of Vegetative Material 
Cassava is vegetatively propagated by plant­

ing pieces of stem cuttings; consequently. cas­
sava pathogens can be disscminated easily by 
the movement of planting material from in­
fected to uninfected areas. These pathogens 
can cause considerable damage during the es­
tablishment of the crop or at any time during 
its growth cycle, including: ( 1) reduction in 
germination, ( 2) damping off, ( 3) decrease of 
normal plant vigour, and ( 4) reduction of the 
potential number of swollen roots due to initial 
root damage. 

These pathogens are mainly fungi, which at­
tack epidermal, cortical, and woody stem tis­
sues (Sphace/oma manihoticola, G/oeosporium 
sp.) ; facultative saprophites or parasites 
(R osellinia necatriz, Fusarium spp. , A rmillaria 
me/lea, Sclerotinia sp. , Sclerotium rolfsii, Peni­
cillium spp., Aspergillus spp., etc.). These fungi 
are frequently found in the soil (Lozano and 
Booth 1974). Other pathogens include ( 1) bac­
teria (Xanthomonas manihotis, Lozano 1975; 
or Erwinia sp., Lozano et al. 1976; CIAT 
1976). (2) mycoplasma, and (3) viruses or 
viruslike diseases (Lozano 1972;Terry 1975a). 
These are generally vascular pathogens located 
inside pieces of stem used for propagation. 

The occurrence of these pathogens in a plan-
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tation may be due to the use of planting ma­
terial taken from infected plantations (Lozano 
1972, 1975), the use of infested machinery or 
tools during the preparation of land and while 
planting stem pieces, or infested soils. 

Control Measures 
Taking the foregoing factors into considera­

tion, the incidence of these pathogens in a 
country, region, or plantation can be prevented 
by following these recommendations: 

( 1) A careful selection of a ll planting ma­
terial must be initiated by choosing the appro­
priate area and field for the collection of 
propagating material. Once in the field , plants 
and plant sections used for propagation should 
also be carefully selected. Generally, it is not 
advisable to take planting material from Africa 
or Asia to America due to the presence of 
mosaic disease in the former. Cuttings should 
not be taken from arcas where CBB or super­
elongation disease is present. The use of cut­
tings from plantations infected with the com­
mon mosaic or vein mosaic virus and myco­
plasmal diseases must also be avoided (IDRC 
1975; Lozano 1976; Terry 1975a). Cuttings 
should always be selected from vigorous, ap­
parently healthy plants. The elimination of 
any stem section with suspicious signs of dis­
ease is extremely importan! in the control of 
these diseases. 

( 2) Avoid damage to vegetative propagat­
ing material. Germination and establishment 
can also be improved by the careful handling 
of cuttings during preparation, packing, ship­
ping, and planting. which prevents injury to 
both the stem and bud tissues. Sorne vascular 
pathogens of cassava are disseminated by the 
use of infected tools. When handling propa­
gative material, all tools and machinery should 
be disinfected prior to each use with a 5% 
solution of commercial formaldehyde. 

Fungicide "seed" treatment of cuttings may 
be valuable. Germination and establishment 
can be increased by more than 1 O% by dipping 
cassava cuttings into a 5 % solutíon of Demo­
san (l ,4 dichloro-2.5-dimethoxybenzene) , 
Arasan (tetramethylthiuram disulfide). Agal­
lo! ( methoxyethylmercury chloride) or Bras­
sicol 75 (pentachloronitrobenzene) for 3-5 
mio befo re planting (CIAT 1974). 

(3) Selection and prepa ration of land a re 
also importan! factors for successful cassava 
cultivation. Heavy soils, with a high organic 
matter content, are difficult to drain and may 

remain flooded for severa! hours a fter a heavy 
rainfall. These soils may also contain high 
populations of organisms that can attack the 
recently planted cuttings. Land that has been 
previously used for forest (woody trees, bushes, 
coffee, etc.) or p erennial crops (plantain. sugar 
cane, etc.) may also contain high populatio ns 
of root rot pathogens ( e.g. Rosel/inia necatrix, 
Armillaría me/lea. Fusariwn spp., Sc/erorium 
ro/fsii, Rhizoctonia sp .. Pythiwn spp., Fomes 
lignosus. Phytophthora drechsleri, etc.), which 
normally attack cassava roots and woody stems 
(Lozano and Booth 1974). 

Adequate cultural practices to ensure good 
soil preparation and drainage should always be 
followed. Planting on ridges may also be effec­
tive in preventing diseases. Soil must be well 
plowed and drained. In regions where r ainfall 
is high (more than 1200 mm ), plantíng should 
be done on ridges to improve draínage and 
reduce root damage. 

Good qualíty cuttings, a bout 20 cm long, 
should be planted so that half the cutting is 
covered by soil. Water should be applied soon 
after planting. 

Foliar and Green Stem Pathogens 
Severa! fungi (Cercospora spp .. Phoma sp., 

Oidium sp ., Colletotrichum gloesporioides, 
Uromyces spp., etc.), bacteria ( Xanthomonas 
manihotis and Erwinia sp.). mycoplasma, and 
viruses or viruslike causal agents attack the 
leaves and green stem portions of the plant, or 
show the most characteristic symptoms in these 
a rcas. Damage induced by these agents can 
lead to a reduction of photosynthesis, thereby 
decreasing the production and storage of carbo­
hydrates. Reduction in photosynthesis can re­
sult from: ( 1) leaf spotting ( chlorotic or 
necrotic arcas) induced by certain fungi, 
viruses, viruslike causal agents, and bacteria; 
( 2) blight and dieback induced by certain bac­
teria and fungi ; ( 3) distortion and leaf stunting 
induced by certain mycoplasma, viruses, and 
vi ruslike agents; ( 4) bud proli fe ration induced 
by mycoplasma; and (5) hypertrophia caused 
by certain variants of m ycoplasma (Costa and 
Kitajima 1972) and the superelongatíon causal 
agent ( Lozano and Booth 1974; Krausz et al. 
1976). 

Severa! pathogens included in th is group are 
endemic in major cassava-growing a reas (Lo­
zano and Booth 1974; T erry 1975a). Disease 
severity appears to be related to susceptibility 
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of the cultivar and climatic conditions in each 
area. 

Sorne other causal agents that can be dis­
seminated mechanically or by using diseased 
planting material are viruses and mycoplasma, 
found scattered in certain regions of America 
but whose incidence is Iow. Cassava bacteria! 
blight, superelongation disease, and African 
mosaic disease are also disseminated by in­
fected planting material (Lozano 197 5; Krausz 
et al. 1976; CIAT 1976; Lozano 1972) . How­
ever, since their specific means of dissemina­
tion are highly effective, they may suddenly 
spread in a given region, country, or continent, 
causing serious epiphytotics a relatively short 
time after their introduction (Lozano and Se­
queira 1974; Terry 1975b) . 

Control Measures 
The control measures suggested for the dis­

eases induced by the aforementioned group of 
causal agents are: 

( 1) V arieta/ resistance. E ven though there 
are no resistant commercial cultivars for many 
cassava d iseases, good sources of resistance 
have been identified and promising hybrids are 
now being multiplied by liT A and CIA T (liT A 
1973, 1974; C IAT 1974, 1975) . Resistant 
genotypes for CBB, Cercospora leaf spots, 
superelongation disease, and Phoma leaf spot 
have been tested during severa! growing cycles. 
Good-yielding commercial Iines, resistant to 
the major cassava diseases, should be available 
in the near future. 

(2) Disease-jree planting material. This is 
the best control measure to prevent the intro­
duction of causal agents that attack vascular 
and cortical tissues. These causal agents in­
elude viruses or viruslike diseases ( common 
mosaic virus, vein mosaic virus, and African 
mosaic disease), mycoplasma ( witches' broom 
disease) , bacteria (X. manihotis and Erwinia 
sp.) , and epidermal and cortical fungi (Sphac­
e/oma manihoticola, etc.) . Methods for pro­
ducing CBB-free planting material have been 
developed at CIAT (Lozano and Wholey 1974; 
Takatzu and Lozano 1975; Cock et al. 1976) . 
The culture of meristematic tissues has also 
been reported ( Kartha and Gamborg 1975). 
Both techniques are useful tools for producing 
disease-free planting material. They could be 
used to supply basic stock for the rapid multi­
plication method recently reported by Cock 
et al. (1976). 

(3) Roguing. Pathogens reported to be dis-

seminated mechanically from diseased to 
healthy plants (Costa and Kitajima 1972; Lo­
zano 1972) can be eliminated by roguing. The 
common mosaic virus, the vein mosaic virus, 
and the witches' broom mycoplasma diseases 
are also included in this group. Rogued plants 
must be destroyed by fire. We also suggest that 
too! surfaces be sterilized. 

( 4) Cultural practices. Within a few days 
after planting. the cassava foliar system pro­
vides a microclimate with Jower temperatures, 
high relative humidity, and Jow air circulation 
between the ground surface a nd the top of the 
plants. The formation of this microclimate de­
pends upon the variety planted (varieties with 
1ow or high leaf area index) , as well as on the 
plant population. These conditions may favour 
the incidence and severity of fungal and bac­
teria! foliar diseases such as Cercospora leaf 
spots, Phoma leaf blight, cassava bacteria! 
blight, etc. Their incidence and severity may be 
reduced by selecting varieties with low leaf 
area index. Plant population and foliar index 
should be just high enough to supply satis­
factory weed control and good yield. A Ieaf 
area index of about 3 appears to be optirnal for 
root yield (Cock personal communication; 
CIAT 1975, 1976) . Appropriate planting time 
may also reduce the incidence of these dis­
eases; planting at the beginning of the raíny 
season ensures good establishment. The canopy 
will close across the rows during the dry season, 
approximately 4 months after planting. Be­
cause of the dry environment, a favourable 
microclimate for these pathogens will not be 
formed. 

Root Rot Pathogens 
Cassava roots often deteriorate before or 

after harvesting. Preharvest root rot is the re­
sult of attack by soil-borne pathogens. Post­
harvest root rot appears to be a combination of 
physiological-pathological factors, generally ac­
celerated by mechanical injury to the roots 
during the harvesting operations (Booth 1975) . 

Prebarvest Root Rot 
The appearance of preharvest root rot prob­

lems in a cassava plantation is generally a 
result of using poor-quality, diseased cuttings. 
Inadequate prepa ration of the Iand can also 
result in preharvest root rot. Therefore, the 
aforementioned recommendations for selection 
and treatment of cuttings before planting and 
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the cultural practices suggested for land selec­
tion, preparation. and maintenance should be 
strictly observed to prevent or reduce root rot 
incidence. If root rots increase to levels higher 
than 3%, which is considered to be economi­
cally importan!, crop rotation with cereals 
(maize, sorghum , etc.) or crop fallowing for a 
6-month period is also recommended. These 
practices should decrease the inoculum poten­
tia) of root rot pathogens; however, etfective 
control of these diseases through the use of 
crop rotation or c rop fallowing has not been 
demonstrated. lt is possible that Jonger periods 
of rotation or crop fallowing a re needed in 
order to decrease the incidence of pathogens 
that produce resting structures, such as sclero­
tia, chlamydosporcs, rhizomorphs, etc. It has 
also been observed that sorne cultivars are 
more susceptible to root rot diseases than 
others. The development of resistant cultiva rs 
could be considered for the control of these 
diseases. 

Postbarvest Root Rot 
Cassava roots cannot be kept in a fresh state 

for more than a few days after harvest if cer­
tain precautions are not taken. This presents 
serious problems in the marketing and utíli­
zation of the crop and results in heavy losses. 
Two types of deterioration have been reported 
(CIAT 1974. 1975; Booth 1973): physiologi­
cal or pathogenic, or a combination of the 
two. 

Severa) control measures to reduce post­
harvest deterioration ha ve been suggested: 

( 1) Lea ve thc roots in the ground until 
needed. Once harvested , the roots .should be 
used immediately or dried for longer storage 
life. This necessitates a schedulcd program of 
planting and processing. 

(2) The rate of primary deterioration varíes 
among cultivars (Montaldo 1973; Booth, 
Noon, and Kawano, personal communication), 
so those which display the slowest rate of de­
terioration should be used. 

(3) One of the most importan! factors in 
the success of cassava storage is the condition 
of the product to be stored ( Booth 197 5) . Ca re 
should be taken during harvesting and handling 
to minimize damage, and only the least dam­
aged roots should be stored. 

( 4 ) Deterioration can be delayed by the use 
of various surface sterilants and fungicides 
(Booth 1975) , refrigeration and waxing (Singh 
and Mathur 1953; liT, 1973). However, the 

high cost and Iow efficiency of these techniques 
severely limit their use. 

( 5) Small quantities of roots can be pre­
served for severa) days by using simple tech­
niques such as reburial. or coating in mud and 
placing under water. Burying the roots in a 
trench or covering them with soil or a mixture 
of straw and soil gives good results ( 1 ngram 
and Humphries 1972). Booth ( 197 5) was able 
to store roots for up to 3 months in field clamps 
similar to those used for storing potatoes in 
Europe. He also reported that cassava could be 
stored in boxes with moist sawdust at room 
temperature. As a result of this research, it was 
concluded that cassava roots. like many other 
root and tuber crops, can be cured, requiring 
only high relative humidities at temperatures 
between 25 and 40 ·c. 

Conclusions 
There are very few economically feasible 

chemical control measures for cassava diseases. 
The most practica) control methods are to: 
(1) plant disease-resistant cultivars; (2) use 
adequate cultural practices; and (3) plant 
disease-free material treated with fungicide. At 
present cassava improvement programs are 
concerned with long-term resea rch to produce 
and release high-yielding multiple-disease­
resistant cultivars. This will take sorne time; 
however, the foregoing recommendations 
should provide etfective short-term control, 
which should minimize the incidence and 
spread of cassava diseases. 
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Field Control of Cassava Mosaic in 
Coast Province, Kenya 

K. R. Bock, E. J. Guthrie, and A. A. Seifl 
A series of simple observational trials to study the epidemiology of cassava mosaic 

in the field was undertaken at the Coast Agricultu ra! Researcb Station, Mtwapa, during 
1973-76 on moderately tolerant cultivar 46106!27 and highly susceptible cultivar F279. 
The results indicate that control of mosaic in the field in coastal d istricts of Kenya is 
possible by the use of mosaic-free planting material, the roguing of infected plants, and 
by allowing a reasonable degree of isolation of clean plots from infected plots. They also 

lBock and Guthrie, Ministry of Overseas Development Crop Virology Project. East African 
Agriculture and Forestry Research Organization, P .O. Box 30148, Nairobi, Kenya; Seif, Depart­
ment of Agriculture, Coast Agricultura! Research Station, P.O. Box 16, Kikambala, Kenya. 
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suggest tbat under tbe prevailing climatic conditions, man is a more efficient vector, by 
bis use of infected cuttings, than a wbitefly. Loss of yield due to mosaic in cv 46106/ 27 and 
cv F279 was 70 and 86%, respectively, and tbe drop in yield was significantly greater for 
cv F279 tban for cv 46106/ 27. 

Over a vast area of East Africa, cassava is 
far more importan! than estimates of acreage, 
Departmental Annual Reports, or export statis­
tics would suggest. It is a staple food of a 
significan! proportion of the population, and 
in the more arid areas it remains the only re­
serve against famine. The importance of cas­
sava in East Africa was officially recognized 
many years ago, when the East African Agri­
culture and Forestry Research Organization 
(EAAFRO) mounted a major program of 
breeding and selection for resistance to cassava 
mosaic and cassava brown streak diseases. This 
program spanned a quarter of a· century (from 
1934 to 1960) , and it yielded material of great 
value. Severa! selections from the program are 
widely planted and are among the most popu­
lar varieties in East Africa; others, notably 
Manihot esculenta X M. glaúovii hybrids back­
crossed to M . esculenta, form the basis of re­
sistance in international breeding programs 
such as at the International I nstitute of Tropical 
Agriculture, Ibadan. 

None of the EAAFRO material can be de­
scribed as immune to cassava mosaic. nor witb 
very few exceptions can any varieties be de­
scribed as highly resistant. For example, in 
!972 at the Farmers' Training Centre, Mtwapa, 
we observed a 5-ha bulking plot of the "toler­
ant" variety 46106/ 27 that was totally infected 
with mosaic. In contrast, we had also observed 
severa! farmers ' plots substantially free of mo­
saic, and this led us to consider the effect of 
planting mosaic-free material on the epidemi­
ology of mosaic. 

Accordingly, we carried out a series of sim­
ple observational trials designed to study the 
rate of spread of mosaic disease into initially 
healthy cassava. This paper reports the results 
of experiments carried out during the period 
1973-76. 

Materials and Methods 
Because our results hold for one climatic 

re gime only ( coastal districts of East A frica)". 
it is necessary to give a brief summary of the 
climate at Mtwapa. The mean annual rainfall 
of approximately 1200 mm is bimodal; the so­
called long rains falling in April to June, and 

the short rains in October and November. Al­
though most cassava is planted at the beginning 
of the lo ng rains, it is possible to plant success­
fully in October or November. Temperature is 
never a limiting factor for growth, mean maxi­
mum being about 30 •e and mean mínimum 
22 ·c. Growth is generally checked during the 
dry months (January to March) but the 
equable climate enables cassava to be harvested 
within 10-12 months of planting. 

Cassava Varieties 
Two varieties of cassava were used: 46106/ 

27, an EAAFRO selection (third back cross of 
a glaziovii X esculenta derivative to esculenta) 
and F279, an import from Java. 8oth varieties 
are popular because of high yields and good 
taste. They are both "sweet" cassavas and may 
be eaten raw. 

46106/ 27 was released as a clone with a high 
leve! of resistance, and one that stood up to the 
exacting conditions at the coast (Doughty 
1958) . In our experience, however. plantings 
of the clone may become totally infected, and 
the reaction is moderately severe. 

F279 is extremely susceptible to mosaic and 
its reaction to infection is very severe indeed: 
plants derived from infected cuttings are se­
verely stunted, with small . misshapen leaves 
and a proliferation of shoots. 

Selection of Cuttings 
Cuttings were taken only from field-grown 

plants apparently free of mosaic. They were 
rooted in isolation in coast sandy soil in 
15 X 25 cm polythene bags and the shoots 
carefully inspected at 2-3-day intervals, over a 
period of 6 weeks, for mosaic symptoms. Any 
plant with possible symptoms was immediately 
removed and destroyed. When the population 
was free of visible signs of mosaic the cuttings 
were moved to the field. 

Design of Plots 
Rate of Spread Within a Plot 
Seven centrally placed. mosaic-infected cut­

tings of 46106/ 27 were surrounded by 5 con­
centric hexagons of a total of 156 mosaic-free 
cuttings of the same variety. Plants were 1.5 m 
a paz~. The plot was planted during the short 
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rains (9 November 1972) , and recordings be­
gan on 20 November. Each plant was inspected 
for cassava mosaic at weekly intervals; infected 
plants were not rogued. This study was con­
cluded 14 months later, in January 1974. 

Rate of Spread into Mosaic-Free Plots 
One hundred mosaic-free plants each of 

46106/ 27 and F279 were planted in 10 alter­
nate rows of 20 plants; plants were 1 m apart 
with 2 m between the double rows. 

One such plot (Piot 1) was sited in open 
grassland in December 1973; it was approxi­
mately 300 m downwind of cassava plots with 
high incidence of mosaic. Weekly records were 
taken of mosaic incidence, but, unlike the first 
experiment, infected plants were immediately 
rogued. The trial was discontinued in Decem­
ber 1974. 

To ensure that results were not attributable 
to site ecology, a further four similar plots were 
established during the long ra ins in April 1975 
in four arcas of differing ecology. These we re 
Plot 2: on the same site as plot 1, initially with 
sorne degree of isolation from other infected 
cassava. Shortly after initiation of this tria!, 
severa! plots of cassava in which incidence of 
mosaic was moderate ly high were planted 
within 50 m of Plot 2; Plo t 3: surrounded by 
cashew trees; Plot 4 : shelte red from the pre­
vailing winds by citrus, cashew, and coconut 
trees; Plot 5: on a farm near Mtwapa Research 
Station, surrounded by widely spaced coconut 
palm and mixed cultivation. 

Crop-Loss Assessment Plo t 
The effect of mosaic on yield has apparently 

never been assessed or estimated in Kenya, al­
though there are figures for neighbouring Tan­
zania, and other countries. To estímate the 
effect of planting infected c uttings on yield of 
a tolerant and a highly susceptible variety 
(46106/ 27 and F279, respectively). a Iine of 
35 plants derived from infccted cuttings was 
planted between two lines of 35 plants derived 
from mosaic-frcc cuttings. Rows were 2 m 
apart with 1.5 m between plants. The trial was 
established in May 1975 a nd li fted in February 
1976. 

The yield of each plant was recorded. Al­
though the design o f the plot was not statistical, 
the results were subjected to an analysis of 
variance, data being transformed to logs for 
analysis. 

Plot Management 
Management of plots was kept to a mim­

mum. Fertilizer at the recommended rate for 
cassava fo r Coast Province ( 150 kg/ ha sulfate 
of ammonia, 200 k g/ ha double superphos­
phate, 200 kg/ ha muriate of potash ) was ap­
plied at planting only. 

Results 

Rate of Spread Withio a Plot 
Spread from infected to healthy plants was 

rapid and continued throughout the growing 
season; at harvest ( 14 months) 84 of the 156 
pla nts (54 % ) were infected. 

Rate of Spread into Mosaic-Free Plots 
Spread into mosaic-free plots was very slow 

and did not build up at any time during the 
season. The incidence of 46106/ 27 was : plot 1, 
2/ 100; 2, O! 100; 3, 1/ 100; 4, 4/ 100; 5, 2/ 100; 
of F279: plot 1, 15/ 100 (8 of these may have 
been infected at planting); 2, 0/ 1 00; 3, 11 1 00; 
4, 2/ 100; 5, 5!100. 

Crop-Loss Assessment Trial 
The mean yield per plant (kilograms) for 

46106/ 27 healthy 3.55, diseased 1.19, healthy 
4.16; for F279 healthy 3.31, diseased 0 .52, 
healthy 4.03. 

Discussion 
Our results suggest that control of mosaic in 

the field in East African coastal districts is 
possible by the use of mosaic-free planting 
material, the roguing of infected plants, and 
by allowing a reasonable degree of isolation of 
"clean" plots from infected plots. They also 
suggest that, unde r the prevailing climatic con­
ditions, man is a more efficient vector, by his 
use of infected cuttings, than is whitefly. 

Whether these results apply to different cli­
matic regimes, for example where annual rain­
fa ll is higher and more evenly distributed, or 
where the growing period is 18 as opposed to 
12 months, remains to be seen. It seems that 
tolerance in 46106/ 27 is associated with a less 
severe reaction of above-ground parts to infec­
tion; the drop in yield due to disease is signifi­
cantly greater (5 % level) for F279 than for 
46106/ 27. In the untransformed yield data, 
loss in yield in 4 61 06/ 27 was 70%, and in 
F279 86%; it is thus questionable whether, on 
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a yield basis alone, 46106/27 can be described 
as tolerant. Any variety which sustains a 70% 
loss would in most circumstances be described 
as highly susceptible. 

Our results call for further experimentation 
in the field , including studies of the vector in 
ecologically diverse zones. If the concept of 

control by relatively simple cultural practices 
is proved satisfactory, then a reappraisal of 
breeding objectives might possibly be called for. 

Doughty, L. R. East A/rican Agriculture and 
Forestry Research Organization Annua/ Report, 
1958. 48-55. 

Synonymy in Sweet Potato Virus Diseases 

J. Mukübi1 

The literature pertaining to virus or viruslike diseases of sweet potatoes suggests that 
there are on1y two diseases definitely caused by viruses: sweet potato mosaic, with many 
synonyms, and sweet potato interna! cork. The other viruslike diseases are either caused 
by mycop1asma, mi tes, or are physiological in nature. 

Martyn (1968, 1971) and Smith (1972) 
listed seven virus diseases of sweet potatoes: 
(1 ) feathery mottle; (2) interna! cork; (3) mo­
saic virus A; (4) mosaic virus B; (5) russet 
crack; (6) yellow dwarf; and (7) witches' 
broom. My observations suggest that there is 
no ditference between mosaic virus A and B. 

Sheffield (19 57) disti nguishes the two dis­
eases on the basis of severity. Virus A is a mild 
disease transmitted by M y zus persicae and not 
by white fties. Virus B. a severe disease, is 
transmitted to sweet potato by the white fty 
Be misia tabaci and not by aphids or mechanical 
means. 1 have frequently transmitted mechani­
cally the severe disease to sweet potato. The 
aphid M yzus persicae is almost invariably asso­
ciated with the severe disease in the field and 
has also frequently transmitted the disease 
from atfected to healthy sweet potato vines in 
the greenhouse. The sweet potato feathery 
mottle disease as described by Doolittle and 
Harter ( 1945) is very similar to the sweet po­
tato mosaic syndrome described by Sheffield 
(1957). 

To help clarify the situation, 1 ha ve reviewed 
all the available literature on sweet potato virus 
and viruslike diseases to establish the identities 
of the diseases. The results of this extensive 
literature survey have been summarized in 
Table l . 

1Department of Crop Science, Makerere Uni­
versity, P.O. Box 7062, Karnpala, Uganda. 

Discussion 

A tota l of 21 virus or vi ruslike diseases have 
been reported from various parts of the world. 
One of the commonest virus diseases of sweet 
potatoes is mosaic, with symptoms typical of 
this group of diseases, it has been observed 
wherever sweet potatoes a re grown extensively 
(Rosen 1920; H ansford 1944; Adsuar 1955; 
Yoshii !960) . In East Africa the mosaic syn­
drome has been referred to as mosaic virus A 
and mosaic virus B (Sheffield 1957) . The syn­
drome is associated with virus particles of 
ftexuous rods of 761 , 767, or 844 nm (Nome 
1974; Nome et a l. 1974) or 850-900 nm 
( Hollings et al. 1970). 

Descriptions of the diseases referred to as 
mottle leaf (Strydom and Hyman 1965) , leaf 
spot (Martín 1970) , ringspot , vein clearing, 
and 1eaf pucker (Loebenstein and H arpaz 
1960) a re identical with descriptioos of foliar 
symptoms of mosaic. These diseases are also 
transmitted by aphids or white fty. The diseases 
referred to as rosette (Noble 1935; Steyaert 
1946) , curly top aod yellow dwarf ( Hilde­
brand 1958a,b) are manifestatioos of severe 
symptoms of mosaic and their descriptions are 
identical with those of sweet potato mosaic 
virus B. H ence it appears that there are 1 O 
names referring to the same disease. namely 
mosaic, described by different authors on dif­
ferent varieties in different parts of the world. 
The disease known as celery mosaic (Welman 



Table l. Notes on virus and viruslike diseases of sweet potato. 

Symptoms and 
Disease modifying factors Transmission Causal agent Distribution lmportance Control 

Mosaic Vein clearing, vein Myzuspersicae, Bemisia Virus( es) severa! strains. USA, Puerto Rico Very severe in East and Virus-free planting 
banding, leaf distortion, tabaci. Grafting, mech- Flexuous rods 761, 767 or Venezuela, Uganda Central A frica and in materia.!; heat therapy 
smallleaves sometí mes anically, vegetative 850-890 nm. Serological Kenya, Tanzania, Malawi Southern USA as well as possible at ll0°F; control 
wrinkled; short intemodes propagation. Not seed characteristics not South A frica, Zaire South A frica and with resistant cuhivars 
and rosetting; may cause transmitted. reported Nigeria, ? Ghana ? Australia possible; spraying against 
necrosis in tubers; ?Australia vectors did not reduce 
symptom expression varíes incidence in Uganda 
with temperature and 
cultivar 

Celery Same as above; apparently Aphis gossypii Virus presumed Cuba, Florida (USA) Not specified Not specified 
mosaic a disease of celery trans-

ferred artificially to sweet 
potatoes 

Mottle Jeaf Yellow spots on foliage White fly: Trialeurodes Virus presumed USA, South A frica Severe in combination Not specified 
abutilonea with "yellow dwarf" in 

South Africa 

Leaf spot Small yellow spots almost Not specified Virus presumed USA Not speci fied Not s peci fied 
like above but smaller 

Ringspot Conspicuous chlorotic Myzus persicae but not Virus particles of unspeci- USA, Israel Not specified Not specified 
spots plus stunting; Bemisia tabaci; also fied size; sorne particles 
symptom expression transmitted mechanically similar to feathery mottle 
varíes between cuhivars virus but differ from 

cucumber mosaic 

Vein clearing Similar to mosaic Grafting; Bemisia tabaci Virus presumed USA, Ghana, Israel Very severe losses in Not specified 
especially as found in East but not mechanically Israel and Ghana 
A frica; symptoms masked 
by heat 

Leafpucker Leaf mottle, vein clearing, Grafting but not aphids Virus presumed Israel, Philippines Minor loss Not specified 
leaf wrinkling, folding and nor whitefly 
reduction in size; develops 
better in cool weather 

Rosette Stunting and proliferation Not specified Virus suspected Australia, Zaire Destructive in both areas Not specified 
of branches from leaf axils 



Curlytop Asabove Not specified Virus suspected Australia Destructive Not specified 

Feathery Random bright yellow Grafting; mechanical; Virus; flexuous rods of USA, Japan Potentially destructive Control with resistant 
mottle spots or streaks; vein Myzus persicae (non- 800-844 nm; sub-strains New Guinea, ? Ghana varieties possible 

clearing and banding; leaf persistent), Aphis gossypii, suspected 
yellowing, distortion, Aphis apii, Microsiphum 
stunting; sorne aspects solanijo/ii, T. abutilonea 
similar to East African 
"virus A"; al so shown 
to consist of three 
components: yellow 
dwarf, interna( cork and 
Jeaf spot; symptoms 
more apparent in shade; 
cultivars react differently 

Russet Leaf symptoms same as Grafting; Myzus Virus; flexuous rods of USA, Tonga Reduces market quality Not speci fied 
crack mosaic and feathery persicae andA. gossypii 800 and 876 nm seen; Australia, New Zealand and yield 

mottle; roots with super- cross protection with 
ficiallongitudinal cracks feathery mottle 
which may become corky; 
symptoms masked by 
temperature; cultivars 
react different.ly 

Interna! Dar k brown to black Mechanical; Myzus Virus; viral RNA USA, Tonga Yield unaffected but Spraying against vectors; 
cork necrotic spots in tuber persicae, Aphis gossypii, detected and polyhedral New Zealand, ? Uganda market val u e drastically storage at 55-60°F; 

flesh starting as collapsed Macrosiphum solanifolii, particles of 450-475A o reduced; flavour not resistant lines developed; 
cells; development of grafting; vegetative se en affected; greatest effect tissue culture poten tia! 
phellogen around spots propagation in storage at high 
progressively producing temp¡orature 
cork; also sunken corky 
lesions on surface of tuber; 
cork may develop following 
mechanical injury; on 
fóliage vein clearing, 
banding, green mottle, 
purple spots, bronzing, and 
necrotic streaks; three 
strains: severe, moderate, 
and mild . Heat enhances 
symptoms; warmer soil 
increases severity 

Mottle As for interna! cork; Not specified Pythium sp., boron USA Severely reduces Application of boron failed 
necrosis apparently renamed deficiency market value to control disease 

interna! cork 



r- Table l . Notes on virus and viruslike diseases of sweet potato (concluded). ~ 

Symptoms and 
Disease modifying factors Transmission Causal agent Distribution lmportance Control 

lnternal root Brown necrotic streaks in Grafting failed Physiological New Zealand Not specified Not speci fied 
necrosis tuber; not affected by 

storage at 75°F 

Little leaf Small narrow distorted Grafting; Halticus Mycoplasma-like bodies Tonga, New Zealand Severe in Papua Tetracycline; heat therapy 
yellow leaves; stunting; tibialis. Believed seen; virus suspected Papua New Guinea NewGuinea 45-65° F; resistan! clones; 
sorne necrotic streaks; soil-borne roguing ineffective 
rosette effect similar to 
lshukubyo 

Witches' As for little leaf Grafting Nesophrasyne ? Virus; mycoplasma-like Japan, Taiwan, Korea Very severe on Ryukyu Tetracycline; terramycin, 
broom ryukyuensis; not by aphids, bodies seen 200-250 u m Java, Tonga, New lslands hot water 45-60°F; 

other leaf hoppers or seed inphloem Zealand resistan! clones developed 

Dwarfor Dwarfing; proliferation Not specified ? virus; disease Ryukyu,Japan Severe on Ryukyu lslands Not specified, but see 
ishukubyo of shoot from axils; apparently same as witches' broom 

small yellow leaves; stem Witches' broom 
produces little or no latex 

Yellow Stunting, reduced leaf Grafting; Tria/eurodes Virus suspected USA, Israel Very severe in parts 1-íeat therapy, water 
dwarf size and similar to East abutilonea adults only New Zealand, South ofUSA at 38 °C 

African mosaic disease A frica 
uvirus B" 

Hard-core Hard regions of tuber, Not specified Contlicting views: virus USA Reduce cooking quality Not specified 
inedible after cooking; particles seen, flexuous 
condition increases with rods 700 nm in roots and 
cold, reduces with heat leaves; physiological 

Erinose Little to extreme hairiness Spider mite A cerio sp. Not known with Uganda, Kenya Affected vines produce Spraying with azobenzene 
of vines and lea ves, leaf Not transmitted by certainty. Mi tes suspected Tanzania, Zaire and few tubers. 
size reduced, plants grafting more than virus. Rwanda 
stunted, necrosis of 
terminal buds; swelling of 
affected vines; varíes 
with weather 

Bitter root Roots bit ter to taste Not known Not known Teso, Lango, West Nile Affected tubers too bitter Not known 
either raw or cooked. and North Kigezi districts for eating. Yield appar-
Sometimes there are ofUganda. ently not affected 
swellings on bitter roots 
possibly induced by insects . 
No externalJeaf symptoms. 
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1934, 1935) is apparently a disease of celery 
which was transmitted arti ficially to sweet 
potato. 

The other common diseasc is feathery mottle 
( Doolittle and Harter 1945). A comparison of 
the photographs showing the symptoms of this 
disease (Doolittle and Harter 1945) and Shef­
field's ( 1957) photographs of the mosaic dis­
eases of sweet potatoes in East Africa, shows 
clearly that the symptoms of the two d iseases 
are identical. The virus particles identified in 
both diseases also appear very similar (Nome 
et al. 1974; Hollings ct al. 1970) and both 
diseases are masked by high temperature. 
Further, Alconero ( 197 1) and Nome et al. 
( 1974) ha ve shown that the feathery mottle 
disease is the same as russet crack. Hence it 
appears that the mosaic diseases mentioned 
earlier, feathery mottle and russet crack, are 
one and the same disease, or are very closely 
related manifestations of a mosaic syndrome. 

The interna! cork virus disease, however, 
appears to be a distinct disease unrelated to 
mosaics both in symptom expression and eti­
ology. The most characteristic symptom of the 
disease is the deve1opment of cork in the tubers 
(Nusbaum 1946a,b ) which is associated with 
polybedral virus particles (Salama et al. 1966). 
A disease which in early literature ( Harter 
1925; Harter and Whitney 1929) was described 
as mottle necrosis was apparent ly the same and 
was renamed " interna) cork virus" disease 
when its etiology became known. 

Little leaf (van Velsen 1967), witches' 
broom (Muraya ma 1966). and ishuku-byo 
(Summers 1951) are all transmitted by leaf 
hoppers and are associated wi th mycoplasma­
like bodies ( Lawson et al. J 970; Kahn et al. 
1972). They can be cured with ant ibiotics (So 
1973) and a re therefore not virus diseases. 

Hardcore seems to be a d isease of uncertain 
etiology. Dai nes et al. ( 1 97 4) ha ve cond ucted 
experiments on it and concluded that it was 
related to chilling during the process of cu ring 
the tubers. When the tubers were cured al a 
temperature of 27 ·e the disease did not de­
velop. But Harmond et al. ( 1974 ) noticed 
fiexuous virus rod particles 700 nm long in 
roots and leaves affected by hardcore. These 
workers do not specify whether or not the 
material they used contained a latent virus 
infection. 

Another disease affecting tubers is interna! 
root necrosis (N ielsen and Harrow 1966). lt 
causes lesions of a lighter colour than interna! 

cork, is not affected by temperature, and is not 
graft transmissible. Therefore it is p robably a 
physiological condition. 

Erinose of sweet potatocs (Sheffield 1954) , 
a common disease in East Africa, causes ex­
treme hairiness to vines and leaves of sweet 
potatocs and may Iead to heavy losses in yield. 
lt is associated with spider mi tes (A ceria sp.) , 
and Sheffield failed to transmit it by grafting. 
Affected vines recovercd from the disease when 
they were fumigated with azobenzene. Hence 
availab le cvidence suggests that the disease is 
caused by mites sensu stricto. 

There is a disease in Uganda known as "bit­
ter root" which makes the tubers unpalatable. 
The discase has not been investigated suffi­
ciently and its etiology is therefore unknown. 

Conclusion 
From the evidence, it appears that there are 

two disti nct virus diseases of sweet pota toes : 
( 1 ) sweet potato mosaic covering all diseases 
with mosaic symptoms as well as feathery 
mottle and russet crack; these diseases are asso­
ciated with virus particles consisting of flexuous 
rods 760- 900 nm; and (2) interna! cork char­
acterized by tubers containing necrotic regions 
surrounded by phellem. The foliar symptoms 
may be of a mosaic type but the disease is 
associated with polyhedral virus particles. 
There is no conclusive evidence that hardcore 
disease is caused by either a virus or a physio­
logical disorder. 

Other viruslike diseases are caused by: 
mycoplasma-like bodies; miles; physiological 
disorders; genetics (as in the case of bitter root). 

Information on sweet potato virus diseases 
has been derived largely from symptomatology 
of sweet potato and other hosts, and from tbe 
mode of transmission. Only to a limited extent 
has this knowledge been based on electron­
microscopy or serology. There is a need for 
more e lectronmic roscopic and serological stud­
ies o f sweet potato viruses to verify the identity 
of each and to better understand the relation­
ships between the diseases. 
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Effect of Mosaic on the Yield of 
Sweet Potatoes in U ganda 

J. MukiibP 

The sweet potato mosaic virus disease caused a 57% reduction in yield, both in terms 
of the weight and the number of root tubers produced by the sweet potato variety Kye­
bandula. The sample plots were grown at the Makerere University farm in Uganda. 

Sweet potato mosaic was fi rst recorded in 
Uganda by Hansford ( 1944a) who noted that 
it was very severe in sorne arcas. Later he 
published an account of his observation s 
( Ha nsford 1944b ) on a tria! of sweet pota toes 
at Kawanda Research Station in which he 
noted that the effect of the disease was prob­
ably high judging by the appearance of affected 
plots. H owever he gave no data on the effect of 
the disease on yield. 

Sheffield ( 1953) survcyed the incidencc of 
the disease in Kenya, Uga nda, Tanzania, 
Rwanda, and za·ire. While on this survey she 
was informed that the disease was probably 
responsible for the degeneration of sweet 
potato varieties on peasant farms. This view 
was al so expressed by M acdonald ( 1965) who 
thought that the rapid turnover of sweet potato 
varieties in Uganda was probably due to virus 
diseases. 

Sheffield (1953) also Jearned that on a farm 
in Eastern Zaüe, where sweet potatoes were 
grown to feed mine workers, yields had de­
clined from 30 to 4 metric tons per hectare. 
The growing of sweet potatoes on that fa rm 
was Iater abandoned, apparently because of 
virus diseases. 

Yet, despite these observations, sorne ex­
tension workers feel that sweet potato virus 
diseases did not cause much loss in Uganda. An 
experiment was therefore conducted at the 
Makerere University farm to establ ish the Joss 
likely to result from sweet potato virus infec­
tions. 

Materials and Methods 
The sweet potato variety K yebandula was 

planted on ridges 90 cm apart and 30 cm be­
tween plants. T he experiment consisted of five 
treatments as fo llows: p lots were planted (a) 
with all vines apparently healthy, (b) 25%, 

1 Department of Crop Science. Makerere Uni­
versity, P.O. Box 7062, KampaJa, Uganda. 

(e) SO%, ( d) 7 5% of the vines infected by 
mosaic, and (e) plots planted with all infected 
vines. The vines chosen for planting were 20-
30 cm long with 4-5 fu lly expanded leaves. All 
thc !caves on infected vines had clear symp­
toms of mosaic. 

T he experiment consisted of four repl icates 
and the plots were assigned within replicates in 
a latín square design. The plots consisted of 
five rows 4.5 m long. The planting of the vines 
was performed as follows: to obtain a propor­
tion of 25% infected plants, one diseased 
plant was planted for every three healthy 
plants, for 50 % every alternate plant was dis­
eased, for 75 % three infected plants were 
planted, for every one healthy plant. The vines 
were buried about 1 O cm deep. 

The potatoes were harvested 150 days after 
planting. During this period there was sorne 
secondary spread by the virus ranging from 
11 % for alJ healthy and 25% diseased, 16% 
for the 50% diseased, and 23 % for 75 % dis­
eased plantings. 

Results and Discussion 

The results are summarized in Table 1, 
which shows that the average yield per plot 
was, as expected, Jowest in those planted with 
only infected vines and highest in plots planted 
with only healthy vines. The disease caused a 
reduction in weight yield and number of tubers 
of 57.1 and 57.3 % respectively, in the totalJy 
affected vines. The yield was progressively re­
duced as the proportion of the diseased vines 
increased in the p lanting material. 

The fact that the percentage loss is about 
equal both for weight of potatoes and number 
of potatoes per plot indicates that the effect of 
the disease is to reduce the number of roots 
which form tubers. 

At the time of harvest, the incidence of the 
disease had reached 11 % in plots planted with 
healthy vines alone. This leve! of disease must 
have depressed the yield in those plots. This 
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Table l. Effect of planting various proportions of healthy and mosaic-infected 
sweet potato vines on the yield of sweet pota toes. 

Average 
weight of Average 

% of mosaic potatoes per number of '"'é loss "é loss 
vines per plot plot (kg) tubers/ plot in weight yield in tuber number 

o 20.6 141.4 
25 18.6 128.7 9.8 11.7 
50 16.2 110.3 21.3 22.0 
75 13.9 

100 8.9 

means that the true loss due to the disease was 
probably higher than 57%, perhaps about 
60%. 

Hansford, C. G. Report by p/ant pathologist. In 
Annual repon for July 1943- June 1944, 1944a, 
5-7. 

A probable virus disease ot sweet potatoes. 

89.5 
60.4 

47.3 36.7 
57.1 57.3 

East African Agricultura! Journal, lO, 1944b, 
126- 127. 

Macdonald, A. S. Variation in open pollinated 
sweet pota/O seedlings in Buganda, East A/rica. 
East African Agriculture and Forestry Journa1, 
31, 1965, 183- 188. 

Sheffield, F. M. L. Virus diseases oj sweet pota/o 
in parts of Africa. Empire Journal of Experi­
mental Agricu1ture, 21, 1953, 184-190. 

lncidence, Symptomatology, and Transmission of a 
Y am Virus in Nigeria 

E. R. Terry1 

A Dioscorea spp. virus disease incidence was highest in field planting in Ibadan on D. 
rotundata Ihobia variety. Field symptoms included green vein-banding, shoestring, and 
distortion. The virus was transmitted mechanically, and by nymphs and winged adults of 
the cotton aphid Aphis gossypii to seedlings of D. rotunda/a. Test plants in mechanical and 
vector transmission studies exhibited mainly green vein-banding. The role of A. gossypii in 
field spread of this disease is discussed. 

Virus diseases of Dioscorea spp. have been 
reported mainly from West Africa and tbe 
Caribbean, but may probably occur in all yam­
growing areas of the world ( Coursey 1967) . 

In Nigeria, reports by Chant (1957) and 
Robertson ( 1961) reported localized inci­
dences of a virus disease of D. alata, cayenensis, 
and rotundata. Infected plants appeared 
stunted, with proliferation of lateral buds 
giving the plant a bushy form. Foliar symptoms 
consisted of mottling, vein-clearing, and sorne­
times lanceolation and distortion ( Robertson 
1961) . 

Robertson 's ( 1961 ) attem pts to transmit the 
agent by mechanical inoculation were unsuc­
cessful and he suggested that the disease was 

lJnternational lnstitute of Tropical Agriculture, 
P.M.B. 5320, Ibadan, Nigeria. 

caused by a physiological imbalance in the 
plant. 

Sorne preliminary results on the incidencc, 
symptomatology, and transmission of a Dios­
corea spp. virus diseasc in Nigeria are pre­
sented. 

Disease Incidence 
Tubcrs harvested in 1974 from six varieties 

of D . rotundata (Laoko, Boki, Ihobia, Okum­
ado, Iwo, and Umudike) were planted at liTA 
in Apr ii-May 1975. Virus disease incidence 
was highest in Ihobia, with 51.9, 8.1 and 2.8 % 
of thc plants manifesting green vein-banding, 
shoestring, and distortion rcspectively. There 
was considerable variation in varietal suscep­
tibility to tbe virus but it appeared that all 
varieties were susceptible (Table l). 
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Table l. Incidence of yam virus disease on vegeta ti ve! y propagated Discorea rotundata plants 
(liTA lbadan 1975). 

Total 
GVB 

Families No. No. % 

La o k o 20 1 5 
Boki 549 171 31.1 
Ihobia 839 436 51.9 
Okunmodo 13 
Umudike 936 95 9.8 
Iwo 1154 278 24.0 

Fig. J. Green vein-banding on Dioscorea 
rotundata. 

Symptomatology 
The most consistent symptoms of virus in­

fection during the growing season were: (1 ) 
green vein-banding, which consisted of dark­
green leaf veins against light-green interveinal 

Shoestring Distortion and stunting 

No. % No. % 

13 2.3 2 0.36 
68 8.1 24 2.80 

1 7.6 
43 4.4 7 0.72 
5 0.43 6 0 .51 

are as ( Fig. 1 ) ; ( 2) shoestring and bushiness, 
consisting of narrow lanceolate Ieaves and 
proliferation of lateral shoots giving the plant 
a bushy appearance; (3) distortion, which con­
sisted of puckering, rugosity, and curling of 
leaf edges; ( 4) leaf mottling, consisting of ir­
regular patches of dark-green and chlorotic 
areas; (5) stunting of the entire plant. 

Jnfected plants may manifest all of the 
above symptom combinations or any one of 
them exclusively. Different symptoms ap­
peared at different times during the growth 
cycle of infected plants. 

Mechanical Transmission 

Source of Inoculum 

Crude sap for mechanical inoculation was 
prepared from infected plants manifesting ex­
clusively one of the following symptoms: leaf 
mottling (MOT) , green vein-banding (GVB), 
shoestring (SS), or green vein-banding to­
gether with distortion (GVB/ Dist). Jnoculum 
from plants exhibiting each symptom type was 
prepared by macerating 5 g of infected leaves 
in 1 mi buffer solution containing 0.05 M, 
pH 7.0 phosphate buffer and 0.01 M cysteine 
hydrochloride (Ruppel et al. 1966). Activated 
charcoal was added to the inoculum during 
maceration. 

Test Plants 
Seeds obtained from female Boki plants were 

germinated in petri dishes. Seedlings were later 
transplanted in peat pots and. grown under 
fluorescent Iight to the 3-leaf stage before 
transplanting in sterilized soil in pots. 

Inoculation 

T est seedlings were inoculated at the 3-Ieaf 
stage by rubbing carborundum-dusted leaves 
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Table 2. Mechanical transmission of yam virus to D. rotrmdata Boki variety 
(liTA lbadan 1975). 

No. of tested No. of infected Symptom 
Virus source plants plants expression 

D. rotundata (GVB) 

D. rotundata MOT) 
D. rotundata (SS) 
D. rotundata (GVB/DIST) 
Check 

with cheese-cloth pads dipped in the eructe sap 
preparation. Untreated checks were rubbed 
with the buffer solution alone. All plants were 
grown in an insect-proof greenhouse with a 
mean temperature of 27.8-34.5 •e, a mean 
relative humidity of 67-89%, and mean solar 
radiation of 57.4-89.2 callg cm2/ day. 

Insect Transmission 
The cotton aphid, Aphis gossypii (Glov.) 

( identified, courtesy of the Commonwealth In­
stitute of Entomology, London, England) was 
frequently observed infesting D. rotundata 
plants at liT A, and more often, a common 
weed (Commelina benghalensis) growing 
among yam plants. A preliminary test to iden­
tify biological factors responsible for the rapid 
spread of the disease was conducted by protect­
ing 25 disease-free D. rotundata seedlings in 
the field with a 40-mesh screened cage. An 
equal number of seedlings from the same 
source were planted unprotected in an adja­
cent plot. Characteristic green vein-banding 
and leaf mott ling symptoms were observed on 
the unprotected seed lings which were infested 
with A. gossypii 1 O days after planting, whereas 
60 days after caging, all the seedlings protected 
from insect infestation remained symptom­
free. 

Nymphs and adults of A. gossypii were 
reared on C. bengltalensis in cages. They were 
given a 4-h access feeding on infected D . ro­
tundata plants and then transferred to disease­
free seedlings for a 4-h inoculation feed. An 
equal number of virus-free aphids were trans­
ferred to another set of seedlings from the same 
source and allowed to feed for the same period. 
At the end of the feeding period they were re­
moved by a fine camel-hair brush. 

To determine the mínimum time required 
for inoculation by a phids after access feeding, a 

31 
31 
20 
23 
20 
47 

26 GVB 
2 GVB/ SS 

20 GVB 
15 GVB 
18 GVB 
o 

serial transfer study was conducted. Inocula­
tion fecding periods were varied from 1 min 
to 4 h (with 30 min intervals) with the same 
aphid, on a series of test plants. 

Results and Discussion 

Mechanical transmission studies indicate 
that irrespective of the inoculum source, 97% 
of the infected test plants manifested only the 
green vein-banding symptoms (Table 2). How­
ever, two of the infected plants exhibited shoe­
string and bushy-form symptoms 77 days after 
inoculation. The interval between inoculation 
and green vein-banding symptom expression 
ranged from 7 to 13 days. All of the untreated 
plants were symptom-free after 90 days. At­
tempts to mechanically transmit the virus to an 
unidentified wild species, and a lso to D. pre­
ussii and D. data, were unsuccessful. 

Vector transmission studies indicate that A . 
gossypii is a very efficient vector of the virus 
(Table 3). All infected plants developed the 
characteristic grcen vein-banding symptom be­
tween 7 to 15 days. In the serial transmission 
tests, only plants exposed to 1-min inoculation 
feeding developcd typical symptoms. The re­
ma ining plants in the inoculation series were 
symptom-free. Both nymphs and adults of A . 
gossypii were capable of transmitting the virus. 

In the mechanical inoculation tests, all in­
fected test plants manifested the characteristic 
green vcin-banding between 7 and 13 days. On 
a few plants, however, leaf mottling preceded 
the grecn vein-banding, and on two plants 
lateral shoot proliferation and shoestring were 
observed after 77 days. 

Under field conditions, leaf mottling is 
normally followed by green vein-banding, sug­
gest ing that the former is an early manifesta­
tion of the disease but transient in nature. The 
occurrence of lateral shoot proliferation and 
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Table 3. Vector transmission of yam virus to D. rotundata Boki variety 
(liTA Ibadan 1975). 

No. of tested 
Virus source plants 

D. rotwrdata (GVB) 37 
D. rotundata (GVB) 27 
Check 20 
Check 18 

shoestring after a long incubation period can­
not be readily explained. 

The relationships between the virus, varietal 
reaction, symptom expression, and incubation 
period with particular reference to the charac­
teristic shoestring symptoms are being further 
investigated. 

Transmission attempts with a green-banding 
virus of Dioscorea spp. in Puerto Rico (Ruppel 
et al. 1966) resulted in an extremely low (20%) 
transmission to D. composita and D. flori­
bunda. Transmission percentages in this study 
to D. rotundata, however, were as high as 
80%. It is not known whether the Puerto Rico 
virus is similar to that in Nigeria. Investigations 
to determine the properties of the Nigerian 
disease agent are in progress. 

Rearing of A. gossypii on caged C. ben­
ghalensis was relatively casy. Attempts have 
not been made, howcver, to rcar them on caged 
D. rotundata. The case with which A. gossypii 
transmits the virus, and the leve! of field in­
festation of yam by this aphid indicate that it 

lnoculation 
period No. of infected Symptom 
(min) plants expression 

240 17 GVB 
1 7 GVB 

240 o 
1 o 

may play a role in the tleld spread of the dis­
ease. Transmission of the virus by nymphs after 
1 min inoculation feeding, after which they 
appeared to lose infectivity in subsequent serial 
transfer, suggests a nonpersistent relationship 
betwcen the virus and the aphid. 

Investigations are in progress to identify 
other yam-infesting insects that may also be 
vectors of the virus. 

Cbant, S. R. Annual Report, Federal Department 
of Agricultura/ Research, Nigeria, 1954!55. 
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Annual Report Federal Department of Agri­
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Ruppel, E. G., Delpín, H., and Martín, F. W. Pre­
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Lipid Metabolism in Mosaic-Infected Cassava 

C. A. Ninan, Susan Abraham, L. Sandhyavathi Bai, 
P. N. Chandrasekharan Nair, and Philomena Kuriachen1 

l'wo varieties of cassava, M4 and H.l 65 (accession numbers M.67-0I and M.72-10), 
were selected for studies on the Jipid metabolism in cassava mosaic-infected plants. There 
was a decrease in total lipids, pbospbolipids, and triglycerides in the leaves and petioles of 
both infected varieties. 

Diseases exert a profound inftuence on the 
metabolism of the host plant. Diener (1960) 
reported a high concentration of asparagine 
and glutamine in virus-infected cherry and 

1Department of Botany, University of Kerala, 
Trivandrum, India. 

pcach leaves. Accumulation of asparagine was 
a lso reported in maize plants infected by maize 
rough dwarf virus (Harpaz and Applebaum 
1961 ) . Previous studics ha ve shown that in 
mosaic-infected cassava, carbohydrate and 
nitrogen metabolism are altered due to the 
virus infection (Beck and Chant 1958; Ala-
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gianagalingam and Ramakrishnan 1970, 1974). 
Ramakrishnan et al. (1969) found that the 
respiratory rate in mosaic-infected cassava 
leaves is higher than that in healthy leaves. 
Alagianagalingam and Ramakrishnan ( 1969) 
found higher quantities of phosphorus, cal­
cium, and sodium in mosaic-infected cassava 
leaves. There was less magnesium and iron 
than in healthy leaves. 

Materials and Methods 

Two varieties of cassava, M4 and H .165, were 
selected for the study. In each variety, a com­
pletely healthy and a diseased plant were select­
ed for lipid estimation. Leaves of uniform ma­
turity from plants grown in the same field were 
used for analysis. Total lipids, phospholipids, 
and triglycerides of leaves and petioles in both 
varieties were determined. 

The tissues were extracted twice at 60 •e 
with ethanol-ether ( 3: 1 v 1 v) for 2 h followed 
by chloroform-methanol extraction (1: 1 v/ v, 
also twice). The extract was centrifuged ea eh 
time at 1500 g for 30 min . The combined 
supernatant was made up to a known volume 
with ethanol and samples used for the estima­
tion of the lipids. 

Total lipids were estimated by the gravi­
metric method (Brand 1963). Phospholipids 
were determined by the Ackermann and Toro 
( 1 963) methods. Triglycerides were estimated 
using fl.orisil column to separate the phospho­
lipids, hydrolyzing the eluted triglycerides, and 
estimating the glycerol liberated (Van Handel 
1957) . 

Results and Discussion 

Diseased plants recorded reduction in total 
lipids in both the leaves and petioles (for M4, 
7.5 and 12.2%; H.165, 4 and 8.5%). The 
percentage reduction in phospholipids in Jeaves 
and petioles was: M4, 18 and 54.6%; H.l65, 
18 and 72%. There was a reduction in triglyc­
eride of 11 and 19% in the Jeaves of M4 and 
H.l65 respectively, and of 39 and 28 % in 
petioles. 

The reduction in lipid metabolism in cassava 
mosaic-infected cassava plants observed in this 
study may be due to the decreased synthesis or 

increased breakdown of lipids. Carbohydrate 
metabolism is closely interrelated to lipid 
metabolism ; it is possible that the reduction in 
carbohydrate metabolism in cassava mosaic­
infected plants may also be responsible for the 
reduction in lipid metabolism. 

This study has been made possible tbrough the 
efforts of Prof A. Abraham, University of Kerala 
(now in the FAO) who had assembled a vast col­
lection of germ plasm of root and tuber crops in 
tbis department. We are grateful to him for access 
to this material. We are thankful to the United 
States Department of Agriculture for a generous 
grant which enabled us to maintain this va1uable 
germ plasm for study. Tbanks are also due to 
Prof P. A. Kurup, Head of tbe Department of 
Biocbemistry, University of Kerala, for providing 
necessary facilities. 

Ackermann, P. G., and Toro. In Frankil, S. and 
Reitman, S., eds., G radwohl's clinical labora­
tory metbods and diagnosis. Mosby. St. Louis, 
MO, 1963, 258. 

Alagianagalingam, M. N., and Ramakrisbnan, K. 
Studies on a virus disease of tapioca (Manihot 
esculenta Crantz.) /. Water relations and min­
eral metabolism. Madras Agri. J. 56(6) , 1969, 
406-411. 

Studies on a virus disease of tapioca (Mani­
hot esculenta Crantz). 1/. Carbohydrate metab­
olism. Madras Agri. J. 57(2), 1970, 55--62. 

Eflect of cassava m osaic virus on tite nitrogen 
metabolism of cassava (Manihot esculenta 
Crantz). Madras Agri. J . 61 , 1974, 18-26. 

Beck, B. D. A., and Cbant, S. R. A preliminary 
investigation 0 11 the eflects of mosaic virus on 
Manihot utilissima Pohl. in Nigeria. Trop. 
Agric. Trin. 35, 1958, 59-64. 

Brand, S. In Frankil, S., and Reitman, S., eds., 
Gradwobl's clinical laboratory methods and 
diagnosis. Mosby. St. Louis, MO, 1963, 25 1. 

Diener, T. G. Free amino acids and amides in 
hea/thy and virus injected cherry and peach 
leaves. Phytopathology, 50, 1960, 141- 145. 

Harpaz, I., and Applebaum. Accumulation oj 
asparagine in maíze plants injected by maize 
rough dwarj virus and its significance in plant 
virology. Nature, 192, 1961 , 708-711. 

Ramakrishnan, K., Nambiar, K. K. N., and Al­
agianagalingam, M. N. Physiology of virus in­
fec ted plants. Proc. Indian Acad. Sci. 698, 1969, 
104-114. 

Van Handel, E., and Zilversmit, D. B. Micro­
metlwd jor direct determina/ion of serum tri­
glycerides. J . Lab. Clin. Med. 50, 1957, 152-
157. 



LEU: CASSAVA BACTERIAL BLIGHT IN TAIWAN 175 

Cassava Bacteria) Blight in Taiwan 

L. S. Leu1 

Common bacteria( blight, the most importan! cassava disease in Taiwan, was probably 
present bcfore 1945. Tbc disease is systemic in nature and transmitted primarily by 
cuttings contaminated witb bacteria and secondarily by wind-bornc water. Angular leaf 
spots, wilting, defoliation, gum exudates on leaf lobe, stipule, stem, especially on tbe latter 
two, and death of plants are caused by vascular-invading bacterium Xanrhomonas mani­
horis, which confines itself to the genus Manihotis and sbows poor survival ability in the 
soil. The disease was induced by using bacteria( suspension, dipping of healthy cuttings, 
injecting into young stems, spraying of whole plants, cutting leaves of young plants with 
contaminated scissors, and pouring into injured roots of young plants. 

Cassava M anihot utilissima has been culti­
vated in Taiwan for more than 80 years. At 
present, 22 000 ha of cassava are grown on the 
island where the total arable land is 915 000 ha. 
Cassava is the 8th largest crop in Taiwan next 
to rice, sweet potato, sugar cane, peanut, soy­
bean, tea, and corn. Cassava is grown mostly 
on marginal lands in mountain hills and slopes, 
or in tlat areas without irrigation. The total 
yield is close to 330 000 tons annually with an 
average yield of 16 tons/ ba where the crop is 
grown for 1-2 years. Most roots are used for 
starch production and only 20% is made as cut 
chips for animal feed. Recent starch produc­
tion reached 65 000 tons and is generally used 
as adhcsive for eel feeding materials, textiles, 
paper, and paperboards, oras raw materials for 
producing glucose, antibiotics, and sodium 
glutamate. The requirement for cassava starch 
is still growing. 

Sorne parasitic fungi (Cercospora cassavae, 
Colletotrichum manihoticola, Guignardia ma­
nihoticola, lrpex lacteus, Macrophoma cas­
savae, Pel/icu/aria rolfsii, Phoma manihotina, 
Phyllosticta cassavae, and Sc/erotinia sclero­
tiorum) of cassava have been reported (Sawada 
1919, 1955) . These and possibly others are 
probably present in T aiwan. However, most do 
not cause serious damage except common 
bacteria! blight (CBB), known as bacteria! 
wilt or "gumming disease" locally. Virus dis­
eases do not cause any damage although occa­
sionally mosaic-like symptoms can be sccn 
on sorne introduccd varieties. 

Serious damagc from CBB was first noted 
at Pulí, central Taiwan, 1963, though the dis­
ease probably existed before 1945 (Mau 1951). 
Since thcn the disease has become island-wide, 

lPJant Pathology Division, Plant Protection 
Center, Wufeng, Taichung 431, Taiwan, Republic 
of China. 

and sorne fields have been abandoned. The dis­
easc was caused by Xanthomonas manihotis 
(Leu and Chen 1972) . 

Materials and Methods 

The diseased plants were collected mostly 
from Pulí and various other arcas. The bacteria 
werc isolated from diseased tissues or gum sub­
stances prcsent within tissues on potato dex­
trosc agar ( PDA) at room temperature or at 
26-30 •e in the incubator. After bacteria! 
colonies grew out 1-2 days later, they were 
furthcr streaked. Colonies which developed 
from single cells were then transferred to 
PDA. The culture was renewed by new isolates 
or sometimes from the culture stored in the 
laboratory or in a refrigerator or the bacteria! 
suspcnsion was absorbed by small brick pieces 
and then kept dry in a refrigerator. 

Symptoms were described both from natu­
rally infected plants and those of artificially 
inoculated ones. The materials were also used 
for histological studies. Both paraffin and free 
hand sections were observed. 

For inoculation, a thick bacteria! suspension 
prepared from the culture on PDA was intro­
duced to cuttings: (1) by dipping the cuttings 
for 1-2 min. draining and planting; and a lso for 
1-2-month-old plants, (2 ) by injecting below 
the a pica! mcristem; ( 3) by spraying on !caves 
at dusk; or ( 4) by pouring the bacteria! suspen­
sion into an injured root. "Wu-Chi," the most 
widcly cultivatcd variety, was used exclusively 
cxcept as otherwise mentioned. Cutting of 
!caves by contaminated scissors was also tricd. 

Survival of the bacteria in the soil was de­
termined by planting healthy cuttings into flats 
prepared: ( 1 ) by pouring the bacteria! suspen­
sion into wet soil; and (2) by mixing soil witb 
sliced diseased plantlets. 

For morphological studies, the bacteria were 
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shadowed with chromium tungstic oxide and 
observed by electronmicroscope. The samples 
were prepared from those inoculated on PDA 
at 26 oc for 24 h. Physiological studies fol­
lowed standard methods. Thermal death point 
was determined by pipetting bacteria! suspen­
sion into a 1-mm diameter glass tube, sealing 
the end, and treating in a temperature-adjusted 
water bath for 1 O min. 

Results 

More than 80 % of 150 pieces of tissues grew 
mucoid and colourless colonies on PDA 
1-3 days after isolation. After single cell cul­
tures, more than 30 isolates were tested for 
their pathogenicity by injecting the bacteria) 
suspension near the apical meristem. No differ­
ences in pathogenicity were observed. 

After the dipped cuttings sprouted to 1-6 cm 
or 10 cm high, the leaves wilted and the plant­
lets died in a few days. Before death, gum was 
exuded on the stipules and the stem, being 
white at the beginning and changing to golden 
yellow and then brown. The gum exudates 
swelled and turned "spongy" and white when 
water was available ( Fig. 5). The bacteria 
within "spongy" exudates were thus spread by 
wind-borne rain to nearby plants. The tissues 
where gum protruded were sunken, irregular, 
spindled but enlarged longitudinally, turned to 
purplish and finally blackened and caused the 
dcath of the plants by girdling the stem. The 
same syndrome was observed when the plant 
was derived from bacteria-contaminated cut­
tings. 

In larger plants, wilting occurred totally or 
laterally. When death of plants was not so 
acute, buds from each node sprouted in situ but 
then wilted, died, and usually exuded gum. 
Gum exudate could a lso be observed on green 
capsules, but seeds were gum-free. Discolora­
tion of vascular tissues could be observed on 
the stem and also on vascular tissues of swollen 
roots ( Fig. 6). However, no destructíon of root 
and gum exudates was observed. 

The diseased plants could be observed 
throughout all seasons, although epidemics oc­
cur when plants are young and the weather is 
warm and wet (March-November). In warm 
winter, gum exudate could be observed on 
matured tissues of the stem, particularly in 
Brazil No. 4 variety. 

When plants were injected with bacteria! 
suspension, gum usually exuded from the point 

of injection and then spread to upper parts of 
stems and stipules. Infection was high and 
usually reached 100%. 

After spraying, wilting and gumming of 
plants occurred in 10-20 days. About 10% of 
the inoculatcd plants left uncovered died, and 
90-100% of those covered with plastic bags 
died after inoculation. 

Water soaking symptoms were not observed 
when very young plants were uncovered, and 
were not conspicuous even when covered with 
a plastic bag. However, water soaking Iesions 
were clear when robust growing plants were 
inoculated and covered with a plastic bag. The 
Icsions developed to angular leaf spots a few 
days after inoculation ( Fig. 3) . Gum exudates 
also occurred from angular spots when hu­
midity was high . Angular leaf spots sometimes 
coalesced and formed necrotic bands. Gum­
ming on stipules and stems followed and wilt 
then occurred. Plants grown in rich soil showeá 
recovery after a few Ieaves wílted and de­
foliated; however, gum exuded heavily on the 
stem tíssues. Recovery of diseased plants also 
took place in newly planted ficld s rotated with 
summer radísh. H eavy manure had been ap­
plíed and resulted in less disease. 

Pouríng the bacteria! suspension onto the 
injured root caused wilting and death of the 
plants 3-4 weeks after inoculation in the sum­
mer. Only 1 out of 5 plants was infected in 
each of two tests. Symptoms developed mostly 
near apical young tissues even in rather small 
plants ( 15-20 cm high). 

Leaf blades cut with bacteria-contaminated 
scissors wilted and defoliated without gum­
ming. The leaves later wilted, sometimes ex­
uding gum on stipules and stems. Plantlets died 
in 1-2 months after inoculation. However, 
death occurred faster in sorne varieties, corre­
lating well with their degree of resistance in the 
fiel d. 

For screening resistan! varieties, cuttings of 
different varieties were dipped into the bac­
teria! suspension and then planted. All 21 
tested varieties showed 50-100% infection. On 
average, 75.2 % of plants wilted and died, al­
though 67 % of the widely cultivated variety 
"Wu-Chi'' wilted and died. For sorne other un­
tested varieties, all showed symptoms and high 
disease íncidence including Brazil No. 4. 

Host range of the bacterium was confined to 
cassava. Injections near the apical meristem of 
the seedlings of tomato, watermelon, lettuce, 
cucumber, sorghum, and lima bean, and also 
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Fig. 1 Free-hand section shows black-coloured substances filling sorne ofthe integrated vessels. Fig. 2. 
Free-hand section shows black-coloured substances fil/in g vessels and paranchymatous cel/s. Fig. 3. 
Angular leaf spots on cassava leaf; note gum exuda/e on the spots (inaicated by arrow ). Fig. 4. Polar 
uniflagellated cel/s of Xanthomonas manihotis. Fig. 5. Gum exudate showing "spongy" area. Fig. 6. 
Vascular bundles turned black in roo/ of diseased plan/ (D) but white in healthy plan/ (H). 

into trees (Bischofia trifoliata, Codiaeum varie­
galum, and Euphorbia pulcherrima) all failed 
to show symptoms. Negative results were also 
obtained by pouring the bacteria! suspension 
into the injured roots of the above-mentioned 
seedling plants. 

Ability of the causal bacterium in the soil to 
induce the disease showed that either 3 out of 9 
or 2 out of 12 plants wilted and died respec­
tively, soon after cuttings were planted in the 
ftat. The bacteria! suspension was poured and 
mixed with soil and infected plants were 

chopped and mixed with the soil. However, if 
the cuttings were planted 1 or 2 weeks later, no 
symptoms appeared. The experiences in the 
field a lso demonstrated that not all replanted 
cuttings on the rogued sites of the wilted plants 
showed symptoms. 

CBB could be transmitted primarily by bac­
teria-contaminated cuttings and secondarily by 
wind-bome water carrying bacteria. However, 
sorne insects may transmit the disease, such as 
be es. 

Losses caused by CBB differed from field to 
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Fig. 7 Paraffin section shows "pocket" in the 
stipu/es. 

field. In the most severe cases, the field had to 
be abandoned. Sorne 30% loss was experienced 
where the disease was endcmic. Control meas­
ures such as precaution in selecting healthy 
cuttings and roguing of the young diseased 
plants were practiced. 

Histological studies revealed that vessels 
were attacked, with brownish black substances 
filling sorne of them and nearby parenchyma­
tous cells in the vicinity of the pith (Fig. 2). In 
phloem cells similar substances were also ob­
served. Sorne vessels disintegrated and dis­
solved ( Fig. 1), presumably by enzymatic 
action. The dissolution of the tissues was ini­
tially along outer vessels but then expanding 
and forming a pocket. Severa! pockets were ob­
served in the same cross section ( Fig. 1) . As 
thc pocket enlarged, the epidermis erupted and 
gum substances containing polysaccharides and 
the bacteria were excreted. Pith tissues were 
free from infection and remained intact (Fig. 
1-2) . 

The bacterium is rod-shaped with round 
ends, uniftagellated at polar (Fig. 4), no cap­
sute, gram-negative but tended to be positive 
when aged. Average measurement was 0.9-1.5 
X 1.8-3.2J.UI1. 

The bacterium grew poorly on nutrient agar, 
circular, convex, entire, and filiform on agar 
stroke, no odour, without fluorescence, milky 
white in colour, and sticky. On PDA surface, 
growth was excellent, milky white, mucoid, 
but when stable the growth was only along the 

stable line. On liquid medium, growth was 
membranous and tended to be ring-form when 
shaken and Ieft standing overnight. Tempera­
ture range was 14-36 •c, with an optimum at 
30-34 ·c. Thermal death point was 52 •c. 
Growth was favoured between pH 6.7-8. No 
growth occurred at 3, 3.5, and 4% sodium 
chloride solution but did with 2 and 2.5% 
solution. 

Very weak growth and a slight acid produc­
tion were obtained with dextrose, sucrose, 
o-xylose, o-fructose, arabinose, and cellobiose. 
Lactose gave no growth, and the starch was 
hydrolyzed. In litmus milk, growth was slow 
and a slight reduction occurred. Líquefactíon 
began on the nintb day. Indo! was not formed 
even being cultivated for 15 days, but hydro­
gen sulfide formed in 6-7 days (opposite re­
sults were obtained by C. T. Chen, from dif­
ferent isolates; personal communication 1975). 
Nitrates could not be used. Catalase reaction 
was positive; also positive for cytocbroll'le 
oxidase; Voges-Proskauer reaction was nega­
tive. 

No visible mutants, or changes in patho­
gcnicity, were noted. Older ( 1 month to severa! 
months) cultures in the Iaboratory, and recul­
tures ( 1-4 years) , all induced the same degrec 
of disease incidence as those of freshly isolated 
cultures. 

Discussion 
T here have been four bacteria! diseases in 

cassava in the world (EIIiott 1951) . Symp­
tomatology of the disease and morphology and 
physiology of the bacterium all indicated that 
the disease studied was caused by X. manihotis, 
thus the name common bacteria! blight was 
applicd. CBB has been reported in Central and 
South America, and sorne parts of Africa 
( Lozano 197 5) . Detailed studies on this dis­
case have been reported (Lozano and Sequeira 
1974a, b). 

Since no resistan! germ plasm is present in 
Taiwan, we are unable to control the disease by 
using resistan! cultivars. Through the courtesy 
of CIAT, we introduced sorne cassava seeds in­
cluding those with resistance from crosses with 
M Col 647 in August 1975. Seedlings were 
raised and screening for resistance is under 
way. Recommended control methods such as 
using bacteria-free planting materials, roguing 
the diseased plants, rotation with other crops, 
avoiding the overlapping of the 1- and 2-year-
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old crops, are a ll difficult to practice effectively, 
except roguing. Distribution of the bacteria­
free planting materials is scheduled to be 
planted by using the cip rooting metbod for 
local varieties. 

Microbial gum composed of o-glucose, o­
mannose, o-glucuronic acid, acetic acid, and 
pyruvic acid (Chen and T sou 1974) is pro­
duced by X. manihotis in a sucrose medium. lt 
is not surprising that bacteria are used to pro­
duce gum, such as X. campestris, the causal 
agent of black rot disease of crucifer, used 
to produce Xanthan gum (Rogovin et al. 1961 ). 
The gum probably protects the live bacteria 
when it is dry and releases the bacteria when 
it is wet. 

This systemic bacteria! disease is the biggest 
problem for cassava growers in Taiwan at the 
present time. 
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Factors Affecting the lncidence of Cassava 
Bacterial Blight in Africa 

E. R. Terry1 

Cassava bacteria! blight (Xanthomonas manihotis) is a widespread and damaging 
disease in Africa. Its severity in Africa varies with locality and climatic conditions. 
Factors that may affect its severity are soil type, climate, cultural practices, and varieties. 
Distribution and economic importance of CBB in Africa, and results of epidemiological 
studies, are included. 

Cassava bacteria! blight ( CBB), caused by 
X anthomonas manihotis, is a widespread and 
damaging disease in severa! countries of South 
America, Africa, and Asia (Lozano and Booth 
1974). In A frica, it was first reported in Ni­
gería (Williams et al. 1973) and subsequently 
in Zai're (Hahn and Williams 1973), Cameroon 
(Terry and Ezumah 1974), and Ghana and 
Togo (Persley unpublished data). 

The extent of damage caused by CBB varíes 
with Iocality and climate. The regions most 
severely affected are probably Zai're and mid-

IJnternational Jnstitute of Tropical Agriculture, 
P.M.B. 5320, lbadan, Nigeria. 

western and eastern Nigeria. In West Africa, 
it is more prevalent during the raioy season 
(A pril-5eptember). 

The epidemiology of a disease may be 
affected by severa!, often interrelated, factors 
including soil type, climate, cultural practices, 
and crop variety. 

The following terms are used according to 
definitions proposed by the Federatioo of Brit­
ish Plant Pathologists ( 1973): lncidence­
frequency of occurrence of disease, expressed 
as the proportioo of plants affected in a given 
population ; Severity- intensity of disease in 
an individua l plant expressed as a rating on a 
numerical scale. 
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Table l. Elfect of soil type and fertilizer application on CBB incidence in 
box experiment. 

% Plants infecteda % Plants deada 

Soil type Control Fertilizerb Control Fertilizerh 

Egbeda 74 45 63 35 
Ogbomosho 90 90 70 63 
Warrie 74 74 74 63 

aTwo replicates, 10 plants per repl icate. 
bFertilizer: N(Urca): 200 ppm N; S(SSP): 100 ppm P; K(KCL): l OO ppm K. 
• Lime added to Warri soil at rate of 1 ton Ca(OHh fha. 

Soils 

Field Observations 

Surveys conducted in Nigeria and Zalre sug­
gest that CBB is more severe on cassava 
planted on infertile, sandy soils (Ezumah and 
Terry 1974). Glaser and Ogbogu (1974) also 
report that in Nigería the disease causes greater 
crop loss on sandy soils and in fields under 
continuous cassava. 

Effccts of Soil Toposequcnce 

Cassava variety Ojunkaiye was planted at 
liT A in mid March 1975 on s ix soil topose­
quences down a slope. There were four plots, 
each containing 16 plants. The toposequences 
varied from well-drained upper levels to poorly 
drained hydromorphic lower levels. 

The plants were infected naturally with C BB 
and by August they showed severe symptoms. 
Individual plants were then rated for severity 
on a 0-5 scalc: O, no symptoms; 1, angular 
leaf spots; 2, leaf wilt. gum exudation; 3, de­
foliation; 4, sorne tip die-back; 5, death. The 
mean rating of four replicates was taken as 
the disease index for each toposequence. 
Groundwater levels were monitored at severa! 
positions on the slope at 4-day intervals dur­
ing the season. 

Results 
There is a statistically significan! difference 

(p = 0.01) in disease incidence between 
plants growing in waterlogged soil at the bot­
tom of the slope ( disease index 2.2) and those 
in better-drained soil further up the slopc 
( 4.4). Plants in waterlogged soil were smaller 
and less vigorous, but there was less defoliation 
and death due to C BB. Soil moisture changes 
along this slope were confounded with soil tex­
ture; wet soils near the bottom were sandy 

loams whereas the drier soils near the top were 
loamy sands. 

Greenhouse Experimcnts 

The effects of soil type and the addition of 
NPK fertilizers on disease development were 
investigated in two experiments, one conducted 
in pots, the other in boxes. Both experiments 
were in randomized complete blocks, with six 
soil treatments repeated twice with 1 O plants 
per plot. 

Three soils (Egbeda, sandy clay loam, pH 
6.2; Ogbomosho, loamy sand, pH 6.3; Warri, 
loamy sand, pH 5.0) were used, with and with­
out NPK fertilizer. Variety 60444 was used as 
an indicator for C BB. Cuttings were randomly 
selected from diseased plants. Plants were 
rated for disease symptoms on a 0-5 scale over 
4 months. 

Results and Discussion 

There were no statistically significan! dif­
ferences among soil treatments in the pot ex­
periment. However. there was a trend towards 
less infection and death in fertilized than in 
unfertilized soil for all soil types, especially in 
Warri soil. 

In the box experiment (Table 1) , there were 
significan! differences (p = 0.01) among soil 
types and NPK treatments. There were fewer 
infected and dead plants in the Egbeda soil 
than in the Ogbomosho and Warri soils. 
Similarly, there were fewer infected and dead 
plants in the fertilized soils than the unfer­
tilized soils. 

These results suggest that the disease is most 
severe on plants g rown in low-nutrient soils. 
The indication that the addition of NPK fer­
tilizers may decrease the number of plants 
killed by CBB has implications for disease 
control and efficient resistance screening, and 
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Fig. J. (a) Seasonal distribution of lea[ spots 011 

lsunikakiyan; (b) monthly rainfa/1 at liT A, lbad(JII ; 
(e) dew deposit distribulion at liTA , lbadan (datafor 
1973- 1974). 

suggests that there is a strong correlation be­
tween plant vigour and CBB resistance. 

These trends are being further investigated 
with larger numbers of plants. The more pre­
cise effects due to single nutrient elements are 
also being investigated. 

Clima te 
CBB symptoms range from angular leaf 

spots to defoliation and death. However, angu­
lar leaf spots are the only continuing evidence 
of CBB since other symptoms occurring alone 
are not specific for CBB. 

The incidence of CBB in a field of 288 plants 
of Isunikakiyan was assessed by counting the 
number of plants with angular leaf spots at 

monthly intervals from November 1973 to 
August 1974. Climatic data for the period, 
notably rainfall, temperature, relative hu­
midity, and dew deposit were recorded. 

Results 
The seasonal dist ribution of CBB is illus­

trated in Fig. 1 a and 2a. The total monthly 
rainfall (Fig. lb) , dew deposit (Fig. le), 
monthly relative humidity (Fig. 2b), and 
monthly mean temperature (Fig. 2c) are com­
pared with the disease distribution. 

There was a decrease in the incidence of 
angular leaf spots after the rains subsided in 
November. Leaf spot incidence remained low 
from November until March and then began 
to increase in April , and continued to do so 
until August of the following year. This cycle 
appears to be correlated with rainfall distribu­
tion, a lthough the disease did not increase until 
about 1 month after the rains began in March. 

During the dry season (November-March) , 
dew deposit is an importan! source of leaf wet­
ness (Fig. le) and is probably a vital factor 
in providing sufficient moisture for sorne bac­
teria to remain viable during this period . 

Cultural Practices 
The effects of cultural practices on the de­

velopment of CBB were investigated. The prac­
tices considered were: ( 1 ) planting material : 
disease-free plants were raised by rooting shoot 
tips under mist, using the Lozano and Wholey 
( 1974) method. These were compared with 
plants grown from infected cuttings, both being 
established in the ficld in April, at the be­
ginning of the rains; (2) mulching; and (3) 
weed control. 

For chemical weed control, a mixture 
of "Amiben'' (Chloramben) and "Enide" 
( Diphenamid ), at 2 k g/ ha of each, was applied 
to the soil before the disease-free plants were 
transplanted. For cuttings, a mixture of 
"Lasso" (Aiachlor) and "Cotoran" (Fluome­
turon) at 1 and 1.5 kg/ ha, respectively, was 
applied to the soil as a p reemergence treat­
ment. A postemergence spray of "Paraquat" 
(3 .75 I/ ha) was also applied to plots with cut­
tings 90 days after planting. The effect of 
chemical weed control on CBB incidence was 
compared with that of hand-weeding. 

Results 
An average of 9.7 plants out of 24 per plot 
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Fig. 2. (a) Seasonal distribution of leaf spots on 
/sunikakiyan; (b) monthly relative humidity, at liT A, 
lbadan; (e) monthly mean temperatures al liT A, 
lbadan (datafor 1973-74). 

raised from disease-free material showed CBB 
symptoms 55 days after planting, compared 
to only 3.6 raised from infected cuttings. After 
85 days, 21.8 and 22.1 plants respectively 
showed CBB symptoms in the two treatments. 

The differences were statistically significant 
(p = 0.01) at 55 days but not at 85 days after 
planting. This surprising result suggests that 

rooted shoot-tips are initiaUy more susceptible 
to infection than cuttings and should first be 
established in an area free of CBB if they are 
to be used as a source of disease-free planting 
material. 

In the hoe-weeding treatment performed 50 
days after planting, there was a significant dif­
ference (p = 0.01) in CBB incidence before 
weeding and 6 days after. A mean of 4.5 plants 
out of 24 in the treatment subplots showed 
symptoms the day before weeding, whereas 6 
days after weeding, the mean had increased to 
8.8. No such differences were observed when 
the plots were weeded 80 days after planting. 
This high incidence of CBB after weeding was 
probably due to mechanical spread of bacteria 
during weeding. 

Mulching versus non-mulching and hoe­
weeding versus chemical weed control had no 
significant effects on CBB incidence. 

Varieties 

The incidence and severity of CBB on three 
varieties (lsunikakiyan, 60444, and 531 01) 
were compared. All three varietíes were 
planted in October 1974 in a 3 X 3 Latín 
square, with 8 replica tes and 1 5 plants per plot. 

lncidence was measured as the number of 
infected plants per plot. Severity was assessed 
on a 1-5 scale, where 1 represented no symp­
toms; 2 angular leaf spots; 3 extensive wilting; 
4 defoliation and partial die-back; 5 death. 

Ratings were made 5, 7, 9, and 11 montbs 
after planting and root yields were recorded 
after 12 months. These yields were compared 
to the average yield obtained from these 
varieties at liT A in October 1972 after 12 
months growth, during which time tbe inci­
dence and severity of bacteria! blight was Iow. 
The disease ratings recorded in September 
1975 ( 11 months) and root yields are recorded 
in Table 2. 

The varieties differed in the extent of in­
fection and losses sustained. Cultivar 60444 
(yield 8.8 t/ha) was more susceptible than 
53101 (yield 9.7 t/ha) or Isunikakiyan (yield 
12.2 t/ha). The 1971-72 yields of the same 
varieties ranged from 19 to 21 t / ha. While there 
are other factors which may have contributed 
to the yield reduction, it seems likely that CBB 
infection is at 1east partially responsible. 

Resistance Screening 
Varieties were rated on a 1-5 scale of in-



TERRY: BACTERIAL BLIGHT IN AFRICA 183 

Table 2. Effects of CBB on yield. 

Yield Yield 
Inci- Se ver- (1975) (1972) 

Variety den cea ityb (t/ha) (t/ ha) 

Isunikakiyan 13.8 2.8 12.2 19 
604444 14.7 3.2 8.8 21 
53101 13.6 2.9 9.7 20 

•Mean number of infected plants out of 15 per plot. 
b 1-5 scale of increasing severity (see text). 

creasíng severity after natural infection at four 
sites in Nigeria and one in Zalre. 

The ratings of selected clones at three 
Nigerian sites are recorded in Table 3. At 
Warri (midwestern Nigeria) , 7 , 36, 45, and 
12% of 202 local cultivars were rated 2, 3, 4, 
and 5 respectively for CBB resistance. 

The data from field screening for CBB con­
ducted at liTA and M'Vauzi (Zalre) during 
the 1975 season are summarized in Table 4. 
More than one half of the liT A families were 
rated 1 (no symptoms) and 2 (angular leaf 
spots only), suggesting that breeding has con­
siderably improved the resistance of these 
families to CBB. 

Discussion 
The above results indicate that soil type and 

fertilizer Jevels are important factors affect­
ing the severity of CBB although the nature 
of their effect is not known. Nutrients play an 
important role in the reduction in severity of 
many plant diseases but the mechanism of 
action is often obscure (Goss 1968). Gallegly 
and Walter ( 1949) found disease development 
in bacteria! wilt of tomatoes ( caused by 
Pseudomonas solanacearum) increased at low 
K levels and decreased at high N levels. Their 
results showed the need for medium to high 

Table 3. Resistance ratings of clones at three 
sites in Nigeria. 

Disease 
rating 

1 
2 
3 
4 
5 

Mokwa 
(north) 

10.0 
82.5 

5.5 
2.0 
0.0 

% Clones 

Warri 
(midwest) 

3.6 
72.6 
17.4 
5.7 
0.7 

Umudike 
(east) 

0.0 
64.1 
30.5 
5.0 
0.4 

levels of N and K to minimize the effects of 
this disease, and also indicated that N , P, and 
K must be balanced. 

Applícations of high levels of nitrogen or 
unsuitable combinations of N , P. and K in­
crease the severity of bacteria! leaf blight of 
rice, caused by Xanthomonas oryzae, while 
potassium decreases it (Mizukami and Waki­
moto 1969) . This decrease is more severe on 
sandy Joam or clay soils than sandy soil, in 
contrast to the situation with cassava bacteria! 
blight. 

While CBB was more severe on low-fertility 
soils in greenhouse experiments, it was ob­
served on the soil toposequences that plants 
of low vigour had less CBB. A similar effect 
has been seen in a resistance tria! (Jennings, 
personal communication). The Iess vigorous 
plants may be less attractive to insect vectors; 
however this observation needs to be more 
closely investigated. 

Reports by Rote m and Palti (1969) suggest 
that dew is an important source of leaf wet­
ness on many crops, especially during the dry 
season. Dew records in Ibadan (Fig. le) show 
that levels were highest in November after the 
rains cease, and there continues to be dew de­
posited throughout the dry season, thus pro-

Table 4. Cassava bacteria! blight resistance screening, 1975 season 

No. 
Disease rating 

Location So urce families 2 3 4 5 

% % % % % 
Nigeria Ex o tic 73 89.8 10.9 

Crosses from advanced yield trial 115 0.8 2.6 19.1 76.5 0.8 
Open-pollinated preliminary yield trial 310 1.2 4.1 18.0 76.4 
LowHCN 107 0.9 6.5 92.5 

Zaire Zaire locals 187 2.6 28.5 39.1 29.6 
liT A farnilies 164 13.4 40.8 35.3 10.3 
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viding a source of moisture for any bacteria 
surviving on the Ieaves. 

During hot and dry conditions, the micro­
climate in the field becomes the decisive factor 
affecting disease development, since the less 
favourable the microclimate, the more impor­
tan! becomes the macroclimate (Palti and 
Rotem 1973). 

It is difficult to isolate a single climatic fac­
tor when considcring its effects on disease de­
velopment because the optimum conditions 
for the disease depend upon a complex of 
climatic factors. Extensive studies over severa) 
years with X. oryzae on rice in Japan show 
that a suitable combination of rainfall , hu­
midity, temperature, flood, and typhoon during 
the growing season is necessary for the de­
velopment of an epidemic (Mi:wkami and 
Wakimoto 1969). An analogous situation 
probably exists for CBB with sorne of these 
climatic factors, but the disease has not been 
sufficiently well studied for these effects to be 
known. 

Investigations are in progress to determine 
more precisely the effects of environmental 
factors on CBB incidence and severity, the 
variability of the pathogen, and differences in 
varietal reaction of cassava to the pathogen. 
A better understanding of these factors is 
necessary to enable us to modify the farming 
system so as to favour the crop and not its 
pathogen. 
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Effect of Potassium and Bacterial Blight on the Yield and 
Chemical Composition of Cassava Cultivars 

G. O. Obigbesan and E. O. Matuluko 

Studies on cassava cultivars having different levels of susceptibility to bacteria! blight 
caused by Xanthomonas manihotis revealed that tbe infect ion exerted differential inftuence 
on tbe mineral nutrient and starch contents of tbe cultivars. The disease caused a reduc­
tion in tbe macronutrient content, led to a higber accumulation o[ micronutrients in the 
diseased leaves, and adversely affected the tuber quality by lowering the percentage starch 
content. Dcspite the rela tively greater tolerance of tbe 60506 cultivar, bacteria! bligbt 
significantly reduced its tuber and starch yields. 

Cassava is an importan! source of food 
energy for mi ll ions of people in the tropics , 
and there is an ever-increasing demand for 
cassava sta rch in the texti le and chemical in­
dustry. lt is also used as livestock feed . To 
maximize yields it is imperat ive to have ade­
quate knowledge of the factors limiting pro­
duction. Thus concerted effo rts are being madc 
to better understand thc nature and act ion of 
cassava bacteria! blight, the most devastating 
of the severa! bacteria! diseases of cassava 

CBB is now recognized as one of the most 
importan! factors lim iting cassava production. 
It was first recorded in Brazil ( Bondar 1912) 
and has since been repo rted in several other 
countries in South America and Africa 
( Lozano 1973) . Its occurrence in Nigeria was 
first observed in 19 71 , and has since assumed 
epidemic proportions in certain arcas of the 
southern part of the country, especially in the 
East Centra l State. Between 1972 and 1973 
loss of crops duc to this disease was estimated 
at about 25 million N aira ( about $39 mili ion 
US) (Ene a nd Agbo 1974). In Nigeria a nd 
Za'ire, where cassava production is highest in 
Africa , bacteria! blight is a potentially more 
serious disease tha n mosaic. which might not 
result in complete loss of the crop. 

The symptoms were similar everywhere the 
disease had been observed. including angular 
leaf spotting and blight, wilting. tip dieback, 
copious gum exudation and vascular necrosis 
ofstem and roots (Anon 1973). Cassava blight 
bacterium is host specific (found only on 
cassava ). Its spread m ay be related to rainfall 
patterns (Arene 1974), but the epidemiology 
in Nigeria is as yet unknown. 

1Department of Agronomy, University of 
lbadan, lbadan, Nigeria. 

Materials and Methods 

Our observations were made on a cassava 
fert ilizer experiment with potassiurn started in 
1973. The detailed procedure was described 
by Adeniji a nd Obigbesan ( 1975) . 1t involved 
two cassava cultivars, 531 O 1 and 60506, of 
varying susccptibility to bacteria! blight. Ob­
scrvat ions were made and records were taken 
betwecn Octobcr and November 1974 whcn 
the incidence of infection was most severe a t 
thc site. 

The followi ng symptoms are characteristic 
of the disease: a ngular leaf spotting. wilting. 
gum exudation from thc node at the base of 
petiole, dcfoliation and tip dieback. These were 
used in assessing the degree of infec tion. Since 
mainly the top portions o f thc plants wcre af­
fected. observations were made beginning at 
the second poi nt of bifurcation of each stem. 
The number of infected branches o n each 
plant, as wcll as the total number of branches 
per plant. were recorded. Thcre were a total 
of 32 plots. The treatrnents were four levels of 
potash (0. 60, 90. and 120 kg K~O/ha) with 
two cassava cultiva rs a nd four replicatio ns. 
Percentagc infectio n of the plants in each plot 
was calcul ated. The degree of infection in the 
four replicates of each treatment was then 
cornputed to obtain the final mean estímate of 
infcct io n. The plants were harvested in D ecem­
ber 1974 (age 15 m onths) and the tubers, 
stems. and leaves in each plot were weighed. 
Thc nutrient content in the leaves and starch 
content of the tubers werc determined by con­
ventio na l rnethods. 

Since the disease is fairly new in Nigeria, 
it is not clear what time is the most appropriate 
to collect data. We thercfore concentrated on 
arcas where infection was most severe. Dur-
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Table l. lnfluence of CBB on starch content and yie1d of two cassava cultivars. 

53101 

Degree of Starch Yield 
infection (o/c) content {% ) (t/ha) 

62 24 25 
66 22 24 
69 21 20 
70 22 20 

ing the 2-week observation period, we noted 
that sorne infected plants developed new lea ves. 
We assumed that branches with new growth 
were infected. 

Results and Discussion 
Tuber Yields 

Table 1 shows the yield of the cassava cul­
tivars in relation to the severity of bacteria! 
infection. The data reftect the obvious greater 
susceptibility of the 53101 (mean infection 
67.2%) compared with 60506 cultivar (mean 
infection 43.9 % ), as well as the relatively 
higher tuber yield potential of the latter (mean 
yield 33.8 t/ha) compared with the former, 
53101 (mean yield 22.2 t/ha). The negative 
correlation coefficient between the intensity of 
bacteria! blight and tuber yields ( r = - 0.13 for 
53101 and r = -0.60 for 60506) with a pooled 
average of r = -0.70, indicate that increasing 
bacteria! infection significantly depressed cas­
sava yields. 

In the absence of cassava bacteria! blight, 
mosaic disease probably reduces cassava yields 
by about 30 % in N igeria and by up to 43 % 
in East Africa (Beck and Chant 1958). Cur­
rently cultivated cassava varieties in the coun­
try are not free from mosaic disease but yield 
losses through bacteria) infestation could still 
be determined since mosaic disease is a com­
mon factor among them. Tuber yields of 53 101 
were not significantly reduced by blight al­
though the plants showed a higher percentage 
of infection than the 60506 cultivar. 

Starch Content 
The sta rch content of the cassava tubers in 

relation to bacteria) infection is shown in Table 
1. There were negative correlation coefficients, 
r = -0.59 (53101) and r = -0.24 (60506) 
between the percent infection and tuber starch 
content, thus indicating that bacteria) blight 

60506 

Degree of Starch Yield 
infection ( <:;¿) content (%) (t/ha) 

36 23 38 
39 20 33 
48 19 31 
51 21 32 

reduced the starch content in the tuber of both 
cassava cultivars. This reduction in starch con­
tent had hitherto not been reported, although 
Lozano and Sequeira ( 1973) observed that the 
bacterium hydrolyzed starch and gelatin. The 
reduction in tuber starch content was signifi­
cant at the 5% leve) in 53101 while it was 
not significant in 60506 (p0 _05 = 0.4973). 
Under the circumstances, the relationship be­
tween the bacteria) blight infection and percent 
tuber starch content (Y) was given by the 
linear regression equations, 

Y = 28. 15 -0.0SX (53101) and 
Y = 22.34 -0.03X (60506), where X is the 

percentage of plants showing characteristic 
blight symptoms. 

Further evidence that the bacteria) blight in 
effect lowered the percentage starch content of 
cassava tubers at 15 months is provided in 
Table 2, at 12 months harvest when there was 
no incidence of infection. The starch content 
of cassava increases with the age of the crop, 
and reaches its maximum after 15-18 months 
(Obigbesan and Agboola 1973; Rosanow 
1973). There was an average reduction of be­
tween 5 % (531 01 ) and 7 % (60506) in 
tuber starch content of CBB-infected plants 
(Table 2). 

The effects of potash and bacteria! b1ight on 
the starch yie1ds of the cassava cultivars har­
vested at 12 and 15 months after planting are 
presented in Table 2. The decrease in percent 
starch content ultimately 1ed to a reduction in 
starch yields (Table 2). The data in this table 
also show that on1y at 90 kgK20 / ha was there 
no yield reduction. The highest starch yields 
were also produced at this K fertilizer level 
which suggests that the deleterious effect of 
CBB could be reduced. 

Nutrient Content of Leaves 
The mineral contents of randomly sampled 

healthy and diseased Ieaves showed that 
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Table 2. Jnfluence of K and potash and CBB on the starch yield of cassava cultivars. 

lnfluence of K on percent starch lnflucncc of potash on starch 
content of peeled tuber yields (kg/ ha) 

Age at harvest: 12 months 15 months 12 months 15 months 

Cultivar: 53101 60506 53101 60506 53101 60506 53101 60506 

Jncidence of infection: None Non e 67.2~( 43.9% Non e Non e 67.2"'o 43.9% 

OkgKzO/ha 29 28 
60kgK20/ ha 29 29 
90kgK20/ha 26 28 
120 kgKzO/ ha 24 27 

the healthy leaves contained higher amounts 
of macronutrients (N-P-K-Mg) but lowcr 
amounts of micronutrients (Fe, Zn, Mn) than 
the diseased leaves. 

Lower concentration of macronutrients in 
the infected leaves should obviously be ex­
pected since the acropetal transportation of 
nutrients would be disrupted, among other 
things, by the gum exudates oozing out of the 
node at the base of the petiole. More work is 
needed to expla in the highcr concentration of 
micronutrients in the same diseased leaves. 
8oth phenomena, however, point to the physi­
ological disorder the disease imparts to the 
plant itself. 

Conclusion 
The observations reported in this paper are 

in no way exhaustive. They do illustrate the 
fact that CBB is a seriously devastating disease 
which does more than reduce crop yield. 
Tubers of infected plants showed lower starch 
content. This is most undesirable because the 
starch and chip industries require tubers with 
high starch content. The disorder in nutrient 
status (nutrient imbalance) of infected leaves, 
resulting from a drastic reduction in the con­
centration of macronutrients (N content was 
reduced by about 12%, P by 24 %, K by 17 % 
and Mg by 7% ) and higher accumulation of 
micronutrients ( e.g. Zn content rose by about 
23% , Mn by 7 % ) , may lead to toxicity and 
decreased resistance to other diseases. The dif­
ferent cultivars exhibit ditferent degrees of 
tolerance to blight. Thus a combination of 
blight-tolerant (resistant) varieties and disease­
free planting material would reduce losses m 
large-scale cassava production. 

21 20 3770 5610 3505 5430 
22 21 4260 6020 3658 5955 
24 23 4360 6025 4886 7350 
22 19 4690 5590 4300 5010 
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World Distribution, ldentification, and Control 
of Cassava Pests 

Anthony C. Bellotti and Aart van Schoonhoven1 

Numerous insect and mite pests have been identificd as attacking cassava. These pests 
represen! a wide rangc of inscct fauna; more tban 100 specics havc been recorded. Many 
of these are minor pests and cause little or no economic losses. However recent research 
has shown that severa! pests can cause crop losses and must be classificd as major pests. 
These include mitcs. thrips, stemborers. whitefties, hornworms, scale insects, and white­
grubs. Many pests, such as miles, whitefties, scales, whitegrubs, stemborers, ants, termites, 
are distributed world wide. Others are local pests or limited to one or two continents. 
Chemical control of cassava pests is uneconomical in many arcas where it is a low value 
crop. Pesticides are expensive and their cont inua! use is impractical for a long season crop 
such as cassava. Emphasis should be directed toward the use of resistant varieties, biologi­
cal control, and improved cultural practices. Strict quarantine practices should be enforced 
to prevent the spread of cassava pests into arcas wbere they are not present. 

Insects and mitcs are limiting fac tors in 
cassava production. The recent introduction , 
a nd consequent outbreak, of the mite Mono­
nychellus tanajoa in Wcst Africa has caused 
serious crop Iosscs. This is ample evidence for 
the need for extensivc research on cassava 
pests, knowledge of their geographic d istribu­
t ion and the damagc they cause, and the estab­
lishment of an clfectivc pest-management 
program. 

CIAT has been able to collect much of the 
available literature on cassava, and it is now 
possible for us to get a global view of pest 
problems. T here are numerous pests that attack 
cassava a nd they represen! a wide range of 
insect fauna. Many are of minor importance 
and cause little or no economic losses, while 
others can cause considerable damage. 

Insects Attacking Vegetative 
Planting Material 

Cassava is propagated by vegetative stem 
c uttings. The planting of insect-free and un-

lCentro Internacional de Agricultura Tropical, 
Apartado Aéreo 67-1 3, Cali, Colombia. 

damaged cuttings is most important. 
lnfestation of cutt ings by white scale 

Aonidomytilus albus can reduce germination 
up to 50%. l nfested cuttings were dipped in 
insecticide solutions, but they sti ll germinated 
poorly. We rccommend that scale-infested cut­
tings not be uscd as propagation material. 

The cassava fruitflies A nostrepha pickeli and 
A. manilwti cause damagc to stems by intro­
ducing secondary bacteria! rots , which may 
cause reduction in yicld and the loss of stake 
planting material. Infcsted stakes are easily dis­
tinguishable by the darkened and rotted pith 
region of the stem. Jnfected cutti ngs should not 
be used as propagating material. 

Pregermination and Postgermination 
Damage to Cuttings and 

Y oung Plants 
Stem cuttings and young germinat ing p lants 

are subject to attack by several insects, includ­
ing whitegrubs ( Leucopholis rorida and Phyl­
lophaga sp. ( Coleoptera Family Scarabeidae, 
Cerambycidae)) . They destroy the bark of 
planted cuttings which may then rot and die. 
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When young plants (1-3 months) are at­
tacked, the leaves wilt. The larvae feed on the 
bark of the lower part of the stem, usually 
below the soil, or tunnel into the cutting. The 
larvae are white with a darkened head and 
are 5 cm long. They can usually be located 
around the cutting or roots of the plant. 

Whitegrubs are best controlled with Aldrin 
(2.5 %, 50 kg/ ha) and Furadan (3 g/ m2 ) ap­
plied below the cutting in the soil. Insecticida! 
dip treatments ha ve not proved as successful as 
soil application. A muscardine fungus Metar­
rhizium anisopliae is pathogenic to the grub 
and there is evidence that this may be an ef­
fective control method. 

Attacks occur frequently when the cassava 
crop is rotated after pastures. 

Cutworms 
Cutworms can injure young plants in three 

principal ways: ( I ) The surface cutworms, 
such as the black cutworm Agrotis ypsilon eat 
off plants just above. at, or a short distance 
below the surface of the soil leaving the plant 
lying on the ground. The larvae are greasy gray 
to brown, with faint lighter stripes; (2) The 
climbing cutworms such as the southern army­
worm Prodenia eridania climb the stems and 
eat buds and foliage and may girdle stems 
causing plants to wilt and die. The full-grown 
larvae are dark gray to nearly black and 
marked with lateral yellow stripes; (3) The sub­
terranean cutworms remain in the soil to feed 
on roots and underground parts of the stems, 
causing a loss of planting material. Losses of 
young plants may reach 50% making it neces­
sary to replant. Cutworm attacks occur 
sporadically but are more frequent when cas­
sava follows corn in rotation. 

Cutworms attacking plants above or at 
ground leve! may be controlled effectively with 
poison baits (1 O kg of bran or sawdust, 8-1 O 1 
of water, 500 g of sugar or l-1 of molasses and 
l 00 g of Dipterex for 14 to lh ha). For under­
ground cutworms soil applications of Aldrin 
or Furadan around the cuttings are etfective. 

Termites 
Termites will attack cassava in the lowland 

tropical areas. They feed on planting material 
and roots of growing plants. and prevent the 
establishment of cuttings. They are a serious 
problem in areas with prolonged dry seasons. 

Insecticide treatments may give etfective 
control. 

Crickets 
Crickets damagc cassava plants by clipping 

young shoots after emergence. They can also 
damage the base of the cassava plant, render­
ing them more susceptible to lodging by wind. 

Thrips 

Insects Attacking 
Foliage and Buds 

Severa! species (Frankliniel/a williamsi, 
Corynothrips stenopterus, and Caliothrips mas­
culinus) of thrips, all belonging to the family 
Thripidae, attack cassava. Thrips are major 
pests in Central and South America and Africa. 

The most importan! species is F. williamsi 
which damages the terminal buds of the plant. 
The leaves do not develop normally, leaftets 
are deformed and show irregular chlorotic 
yellow spots. Stylet damage to the leaf cells 
during expansion causes deformation and dis­
tortion, with parts of leaf lobcs missing. Brown 
wound tissue appears on the stems and petioles 
and internodes are shortened. The growing 
points may die, causing growth of lateral buds 
which also may be attacked, giving the plants 
a witches' broom-like appearance. The attack 
is most frequent during dry periods and plants 
will recover when the rain starts. Thrips can 
cause a 1 5-20% yield loss. 

Control is best achieved through the use of 
resistant varieties which are readily available. 
Resistance is based on leaf-bud pilosity and 
nearly 50% of the CIA T germ plasm bank 
(2300 varieties ) are highly resistan!. 

Mites 
Mites, one of the most serious dry season 

cassava pests , cause serious damage. The green 
cassava mite Mononychellus tanajoa, native to 
the Americas, causes considerable yield reduc­
tion in parts of East Africa. It is spreading to 
other parts of Africa. 

The mite Tetranychus urticae is universal 
but appears to be a significan! pest in parts of 
Asia. Oligonychus peruvianus is limited to the 
Americas and East Africa. 

Mites can be found in great numbers on the 
undersides of leaves during optimum environ­
mental conditions. U sually older plants are 
more susceptible to attack. 

M ononychellus tanajoa is green and de­
velops in the apical buds, feeding on young 
leaves and stems. Leaves are splashed with 
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Table l. World distribution of cassava pests. 

lnsect 

Thrips 
Mi tes 
Hornworm 
Fruitfly 
Shootlly 
Whiteflies 
Stemborers 
Whitegrubs 
Cutworms 
Gall midges 
Lacebugs 
Grasshoppers 
Mealybugs 
Sea les 
Leafcutter Ants 
Crickets 
Ter mi tes 

The 
Americas 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

Africa 

X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 

Asia 

X 

X 

X 

X 

X 

yellow spots, lose their normal green colour 
and develop def ormities. The attacked stems 
become rough and brown. Stems and leavcs 
die from top to bottom. Severe attack results 
in death of the growíng poínt causíng exces­
síve branching. 

Damage from Tctranychus first shows as 
yellow dots along the midrib of the leaves, 
eventually sprcading and turning leaves reddish 
or rusty. Older, basal leaves are attacked first 
and under prolonged dry periods spread to the 
upper leaves, causing defoliation and death of 
the plants. 

The attack of O. peruvianus is characterized 
by white dots alo ng leaf veins and margins on 
the undersides of !caves. Thcsc dots are web­
bings under which the adult female places hcr 
eggs, and where the larvac and nymphs de­
vclop. These locations first appear as yellow 
and later brown dots on the leaf uppersurface. 
The basal leaves a re more readily attacked. 

Yield reductions of 40% have been reportcd 
in Africa for M. tanajoa. All three species 
mentioned here infested the CIAT farm, re­
sulting in a 20% yield loss whcn the mite 
attack occurred from the 5th to the 7th month 
of plant growth. 

The CIAT germ plasm has a low resistancc 
leve! to T etranyclrus and mode rate resistance 
lcvels to M ononyclrellus and 0/igonyclrus. 

There are severa! effective biological control 
agents for suppressing mite populations. 

Control with Monócrotophos ( Asodrin), 

Galecron (Funda!), and other organophos­
phates at commercial doses is effective. 

Cassava Homworm 
The cassava hornworm Erinnyis ello is a 

most serious cassava pcst in the Americas. 
High populations of hornworm larvae can 
rapidly defoliate large cassava plantations. De­
foliation during the ínítíal months of plan! 
growth can kili plants and cause yield losses. 
The ash coloured, nocturnal fcmales deposit 
their largc, light green eggs on the upper sur­
face of cassava !caves. The larvae are poly­
morphic and colour varíes: yellow, green, 
black, dark gray, and tan are common. Fifth 
instar larvae may reach 10-12 cm in about 12 
days, and migrate to the soil wherc they form 
a chestnut brown, black-lined pupa. The adult 
moth emerges in about 2 wccks. Outbreaks 
generally occur after the beginning of thc rainy 
season, but are erratic and may be absent for 
years. 

A biological control program is an effective 
means of hornworm control. Egg parasitism 
by Triclrogramma sp. can effectively reduce 
populations. Thc paper wasp (Polistes sp.) is 
an importan! larval prcdator and Apante/cs sp. 
( Hymenoptera) is a larval parasite. Effective 
control with the bacteria! disease Bacillus 
tlruringiensis has been obtained. 

D ipterex is cffective against young larvae 
but the use of pesticides should be avoided 
becausc it intcrrupts the biological control 
system. 

Cassava Shootfly 
Shootfly (Silba pendu/a, Carpolonclracae 

chalybea) damage occurs throughout most of 
the Americas. Loss of yield is not yet known, 
but artificial shoot removal ( up to 100% at 
periodic intervals) to simulate shootfly attack, 
did not affect yield. 

The dark metallic blue adult shootfly ovi­
posits between the unexpanded leaves in the 
growing points. The young larvae tunncl in 
the soft tissue and eventually kili the growing 
point. Severa! whitish larvae may be foun d in 
the affected growing point accompanied by a 
white to brown exudate. Thc mortality of the 
growing point retards growth of young plants 
and causes sidc buds to germinate, which may 
also be attacked. Youngcr plants are more 
susceptible to attack and most outbreaks occur 
in the beginning of thc rainy season. Planting 
dates can be adjusted so that the younger 
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growing stage is passed during low shootfly 
populations. Larvae are difficult to control. 
Systemic organophosphate such as Basudin 
( diazinon) , Diostop ( dimetoate), Azodrin and 
Bidrin ( dicrotophos) at commercial doses are 
recommended only for large populations. 

Whiteflies 

Numerous species of whiteflies (Bemisia 
tuberculata, B. tabaci, Aleurotrachelus sp. , 
Trialeurodes variabilis and Aleurothrixus sp.) 
attack cassava. No direct damage due to feed­
ing is known but high populations may cause 
mottling, yellowing, and drying of the Ieaves. 
Whiteflies can be detected by provoking adults 
into flight or by observing the pupa and 
nymphs on the undersides of the leaves. A 
black sooty mold fungus is often found in as­
sociation with whitefly attack. High popula­
tions are usually associated with the rainy 
season. 

The whitefly Bemisia tabaci is a vector of 
the cassava mosaic disease which causes yield 
losses in Africa and Asia. This disease is not 
found in the Americas. 

Varietal evaluation for resistance to the 
Aleurotrachelus sp., found in high populations 
in Colombia, shows moderate resistance for 
varieties CMC-72 and CMC-57. 

Control of whiteflies, if needed, may be 
achieved with Roxion, Diostop, Metasyptox, 
and Dimecron. 

Grasshoppers 
Grasshoppers have been identified as a pest 

on cassava only in Africa. There are two prin­
cipal species; Zonocerus elegans, the elegant 
grasshopper, and Z . variegatus, the variegated 
grasshopper. 

Both species cause damage in the dry sea­
son when their alternate hosts are reduced. In 
Africa heavy defoliation and stripping of the 
bark ha ve resulted in yield losses up to 60%. 

Grasshoppers can be controlled by the in­
secticides Gamalin 20 and Temitrothion. 

Cassava Lacebug 
Yield losses due to lacebug (V atiga mani­

hotae) are not known, but considerable foliage 
damage can occur. The whitish nymphs and 
gray adults (3 mm) can be found in great 
numbers on the Ieaf underside. Damaged 
leaves show yellow spots which eventually turn 
to reddish brown, resembling mite damage. 

Leafcutter Ants 

Severa! species (Atta sp. and A cromyrmex 
sp.) ha ve been reported rapidly defoliating 
cassava when large numbers of worker ants 
move into a crop. A semi-circular leaf cut is 
made and carried off to the nest. During severe 
attack the buds may also be removed. Attacks 
frequently occur during the early months of 
the crop. The effect of this damage on yield is 
not known. 

Insecticides are the most effective means of 
control. Nests can be destroyed by fumigation 
with carbonbisulfide, smoke of sulfur or 
arsenales. Good results wi ll be obtained by 
applying Aldrin as a powder or in solution in 
or around the nest. Granular mirex baits ap­
plied along the ant trails will be carried into 
the nest by the ants and will give effective 
control. 

Gallmidges 
Severa! species of gallmidges (Cecido­

myiidae, latrophobia sp.) ha ve been reported 
on cassava. These fragile flies ovíposit on the 
leaf undersurface and the emerging larvae 
cause abnormal cell growth in the leaf and 
gall formation. Leaf galls on the uppersurface 
are yellow-green to red and when opened, 
show a cylindrical tunnel with the larvae in­
side. Gallmidges may retard growth of young 
plants but are considered of little economic 
importance and generally do not require con­
trol. Destruction of affected leaves at weekly 
intervals is recommended to reduce popula­
tions. 

Insects A ttacking Mature 
or Green Stems 

Approximately 35 species of stemborers 
have been identified feeding on and damaging 
stems and branches of the cassava plant. Most 
stemborers are the larval stage of coleoptera 
( Coelosternus spp., Lagoclzirus sp.), but sorne 
Iepidopterous and hymenopterous stemborers 
are also reported. They generally cause 
sporadic or localiz:ed damage. 

Larvae vary in size (up to 30 mm long) 
and shape depending on the species. Larvae 
are usually white to yellow to tan and tunnel 
through the aerial parts of the plants. Stems 
and branches may break or be reduced to saw­
dust. During dry periods, under heavy infesta­
tion, defoliation and death can occur. Frass 
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and exudate from the stemwood ejected from 
burrows by larval feeding can be found on in­
fested branches or on the ground. Pesticide 
control appears impractical since adults are 
difficult to kili and larvae feed within plant 
stems. Populations can be reduced by removing 
infested plant parts and burning. 

Cassava Fruitfty 
The cassava fruitfly (Anastrepha picke/i, 

A. maniltoti) has recen ti y becn identified as 
a pest on cassava. lt frequently attacks the 
cassava fruit and causes economic Iosses. 

lt attacks the stem about 1 0-20 cm below 
the apex, making a small en trance/ exit hole. 
The yellow to tan female inserts the egg in 
the stem tissue and after hatching the white to 
yellow Jarvae bore into and down through the 
pith region of the stem. 

A bacteria) pathogen is often found in as­
sociation with the larvae and this can cause 
severe rotting of stem tissue. Often a white 
exudate is found ftowing from the larval tun­
nel. Severe attacks may cause collapse of the 
growing points. growth retardation, prolifera­
tion of lateral buds, and finally death of the 
plan t. 

The extent of crop losses due to this sec­
ondary rotting is not known but younger plants 
(2-5 months) are more susceptible to damage. 

The use of attractants or poison baits as 
controls appears promising. A Hymenoptera 
parasite (O pius sp.) has been identified. The 
insecticide Lcbaycid (Fenthion ) gives good 
control of the Jarvae in the stem. 

Scale lnsects 
Several species of scales (Aoniclomytilus 

albus, Saissetia spp. ) attack cassava stems. Ex­
cept for Jocalized incidents they do not appear 
to cause any significan! reduction in yield. 

In severe attacks leaves may yellow and 
drop, the plants a re stunted, and stems can 
dehydrate causing plant death. The greatest 
damage appears to be the Joss of planting ma­
terial. When heavily infested cuttings are 
planted germination is greatly reduced and 
roots will be poorly developed and unpalatable. 
The adult scalc of A. albus is mussel-shaped 
and covered with a white waxy secretion. It 
attacks the branches, especially in the dry sea­
son, thus aggravating drought stress. 

The most effective means of control is 
through the use of healthy plantíng material, 
and cutting and burning infested plants. Chem-

ical control on growing plants with Metasystox 
(0.1 % ) and Malathion (0.1 %) is effective. 

Mealybugs 
Mealybug (Phenococcus gossypii) damage 

has recently been reported from Brazil, 
Colombia, and parts of Africa, but effect on 
yield is not known. 

H igh populations of the insect give a cot­
tony appearance to the green portien of the 
stem and on the leaf undersurfaces. Leaves 
will turn yellow and dry and stems and buds 
may also be killed. 

Conclusion 
lnsects and mites are a limiting factor in 

cassava production. There is an obvious need 
for an effective integrated pest management 
and disease control program, based on sound 
principies and utilizing the adaptability of cas­
sava. As well, strict quarantine measures 
should be adopted to restrict the spread of 
insects into areas where they are not now 
present. 

Crop Adaptability 
( 1 ) Cassava is a long-season crop; the con­

tinual use of pesticides is impractical. 
(2) Few if any insects will actually kili the 

plant. 
( 3) The cassava plant has the ability to re­

cuperate from insect damage. · 
( 4) The cassava plant can lose foliage with­

out decreasing yield : A high eco­
nomic threshold. 

Basic Principies of an Integrated 
Control System 

( 1 ) Cassava is ideally suited to a biological 
control program. 

( 2) High levels of pest resistance are not 
needed and resistance to sorne pests 
already exists. 

( 3) lt is necessary to understand the insect­
plant--environment interaction. Rain­
fall and age of plant appear to be key 
factors. 

( 4) Cultural practices ( selection of planting 
material, crop rotation, etc.) can re­
duce pest incidence. 

(5) The intelligent use of insecticides. 
(6) The indiscriminate use of pesticides will 

interrupt biological control pro­
grams. 



NYIIRA : POPULATION DYNAMICS 

Pest Management Program 
Thrips Varietal resistance Whiteflies Varietal resistance 

Hornworm Biological control Shootflies Attractants 

Mi tes Varietal resistance Cultural practices 

Biological control Va rietal resistance 

Fruitflies Cultural practices Stemborers Cultural practices 

Attractants Mealybugs V arieta! resistance 
V arieta! resistance Biological control 

Whitegrubs and Microbial control Scales Biological control 
cutworms Poison baits 

Cultural practices 
Soil insecticides 

Population Dynamics of the Green Cassava Mite and 
its Predator 0/igota 

Z. M. Nyüra1 

The green cassava mite, Mononychellus tanajoa (Bondar) (Acarina: Tetranychidae), 
also known as tbe cassava leaf mite, is a fairly new pest in Africa. lts potential threat to 
cassava production in Africa has attracted serious investigations into its biology, ecology, 
and possible control. Initial infestations of this mite start in sheltered places, along the 
midribs and veins of cassava Ieaves. 

Denser populations are recorded during dry spells and. more are found in the lower 
half of the leaf. The ratio of active mites, eggs, males, and females in the apical and basal 
halves of the leaf are discussed. Cassava plants between 3 and 10 months old were more 
densely infested than the younger and older plants. Sorne varieties of cassava supported 
fewer mites than others suggesting a degree of resistance. Reduction in the number of 
mites was associated more with absence of leaves than weather conditions, although rain 
and possibly relative humidity had negative effects on population buildup of the mite. 

The Staphylinidae Oligota was the dominan! and widespread predator. It appeared in 
sufficient numbers and at the same time as the green cassava mite. The population fell 
sharply when the host population started diminishing. 

The results point out the potential of varietal resistance in cassava and biological 
control as possible effective considerations in integrated control of M. tanajoa. 
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The green cassava mite M ononychellus 
tanajoa is a fairly new pest of cassava in 
Africa. Its potential threat to cassava produc­
tion has attracted much attention because cas­
sava is an important staple in Africa, where 
36% of the world total is produced. 

Although the green cassava mite was 
recorded as a major cassava pest in Brazil in 
1921 (Bondar 1938), its low status did not 
demand serious investigation until its discovery 
in 1971 in Uganda (Nyiira 1972). Since then, 
detailed studies have been done (Bennett and 
Yaseen 1975; Nyiira 1975a) . 

The structure of the popula tion ( dispersion) 
of the green cassava mite on cassava in the 
neotropics was described by Bennett and Ya­
seen (197 5). They discussed the infiuence of 
age of the plant, its physiologícal condition, 
and environmental factors on levels of in­
festation and damage. 

IDepartment of Agriculture, Kawanda Re­
search Station, P.O. Box 7065, Kampala, Uganda. 

Nyiira ( 1972, 1973) showed that heavy in­
festations and damage to cassava in Uganda 
occurred during the hot dry spells. This was 
Iater accompanied by premature leaf fall and 
sometimes tip die-off. Major damage was sup­
pressed by the cool rainy season. Similar ob­
servations in Brazil were reported by Bondar 
( 1938) and by Da Costa ( 1973). Such sea­
sonal fiuctuations of the mite population were 
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Table t. Mites recorded on 10 leaves per sample atlow, medium, and heavy 
infestation levels. 

Fifth leaf 

Adults Nymphs 

Apical half 
Low 41 138 
Medium 209 371 
Heavy 1021 3994 

Basal half 
Low 258 537 
Medium 452 808 
Heavy 1360 5642 

probably due to fac tors such as the condition 
of food and availability of nutrients. The 
weather may have had sorne influence as well. 

A similar population trend was observed 
among its predators, particularly 0/igota 
species. 0/igora is the most common and 
dominant predator of the green cassava mite 
in Uganda and Trinidad (according to Ben­
nett and Y aseen 197 5). The population of 
density-dependent predators tends to decline 
as numbers of their prey decrease and vice 
versa. 

Therefore, the population dynamics of both 
M . tanajoa and its predator 0/igota were 
studied with the practica! objective of sup­
pressing the green cassava mite in Uganda. 

Materials and Methods 

The effect of plan! age on the popuJation 
of mites was studied by counting the mites on 
fi fth leaves of plants of different ages. Leaves 
were placed in jars, labelled, and placed in 
styrene boxes, and brought to the laboratory. 
The !caves were placed on ice blocks on the 
stage of the binocular with the dorsal side of 
the leaf facing the eyepiece, and the mites 
were counted. The mites that got stuck in the 
jars were washed into pet ri dishes using 50% 
alcohol, counted, and the count was added to 
the respective sample counts. Counts of mite 
eggs were carried out in the same way. The 
results were computed as means of total mite 
counts from 60 !caves per locality per age­
group. 

Assessment of the effect of age of foliage on 
mite population was done by counting mites 
on leaves tagged a t the start of their develop­
ment (i.e. from the time the leaf sta lks became 

Seventh leaf 

Eggs Adults Nymphs Eggs 

959 87 274 1224 
2944 107 460 1617 

14194 1124 5960 11279 

4074 364 978 5269 
10535 376 949 6569 
22646 1348 9322 15882 

visible and when such stalks could conveniently 
be tagged). Asscssment of the population 
fluctuation of mites was done on fifth and 
sevcnth !caves using similar collection and 
counting techniques. 

To study intcrleaf distribution and abun­
dance of mites, wcekly samples of first and 
subsequent odd-numbered lea ves up to clcventh 
were taken. Five leaves were sampled per 
variety per week for 21 weeks. 

Assessment of the population of the predator 
was done between October and December 
1972. lt was done by direct counts of pred­
ators from cassava leaves in the field. The 
leaves wcre collectcd, 1abelled. and the mites 
counted under a binocular microscope. Allleaf 
index expressions were counted from the apical 
en d. 

Results 

Ecological Habitat 
At 1ow densities. the green cassava mite 

prefers to inhabit areas along the midrib and 
the veins of cassava leatlets. Colonics gcnerally 
start in sheltered areas on the !caves either on 
folds or at the base of the !caves. No webs 
are formed. A higher density of mites per Jeaf 
results in a more uniform distribution of the 
egg deposition and the active mite stages. 
There was generally a higher number of mites 
and their eggs in the lower half of the leaf. 
The number of active mites and thei r eggs on 
the lea ves is presented in Table 1. Whcn the 
ratio of adult mites and their stages and males 
and females in the apical half was compared 
with similar components in the basal half dur­
ing the various levels of infestations, the results 
revealed h igher basal half ratios at low in-
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festation and mean ratio of 1 :2 during heavy 
infestation. 

Effect of Plaot Age 

M. tanajoa almost exclusively feed on the 
undersurface of cassava leaves. However, in­
festation was recorded on flower stalks and 
young green seed. All age categories were at­
tacked. The density of mite infestation on in­
dividual plants varied greatly. Newly germi­
nated 1 0-week-old plants had insignificant 
numbers of mites compared to plants between 
3 and 6 months. Denser infestation was 
recorded on plants between 6 and 9 months. 
Plants 9-12 and 12-15 months old had few 
mites. 

In all age categories. a higher number of 
mites was recorded on either top Ieaves in the 
very young plants or leaves 5- 8 in the older 
plants. 

Effect of Foliage Condition 

The results of investigations of the etfect of 

foliage condition in thrce varieties of cassava 
on mite stages revealed that thcre were sig­
nificantly fcwer active mites and thcir eggs 
on the very young and the vcry old lcaves 
(p < 0.1%). The maximum density of eggs 
was recorded on 3-week-old !caves in Mukcdi 
(985) and Mpologoma ( 459) varictics, wherc­
as in Bitamisi, egg dcnsitics were high on 
lea ves 1 0-21 days old ( 2 19-225). The popu­
lation of active stagcs of the mite was most 
dense on Ieaves 12-21 days old in the two 
varieties (332 on Mukcdi and 123 on Mpolo­
goma). 

Fluctuation Trends 
Between August and December 1972 the 

weather and crop conditions were optimal for 
severe infestations of cassava by M. tanajoa in 
Uganda. There were more mitcs pcr leaf dur­
ing September and the last half of October 
and first quarter of November (fig. 1). Lower 
mite densities were associatcd more with ab­
sence of leaves on plants than with presence 
or absence of rain. For instance during mid 
August 1972 in Uganda, there was a lot of 
rain and low mite densities. However, heavy 
rain in October of the same year corresponded 
with high mite popula tion on two cassava 
varieties (Bitamisi and Nfumu) although it re­
duced the mite population on Mukedi. The 
trend of mitc egg density followed closely that 
of adult mites. 

Nyiira ( 1975b) discussed the influence of 
physical factors on the biology and ecology of 
M . tanajoa. suggesting that factors such as 
relative humidity and temperature could 
negatively affect the reproduction rate of the 
mite. He further observed that migration and 
dispersa! are partly triggered by high popula­
tion density. Therefore, the reproduction rate 
which is influenced by the physical condition, 
would also partly influence the commencement 
and rate of dispersa!. Jt would also influence 
d istribution of the mite within and outside a 
unit . Biology of the mites as well as meteoro­
logical factors are. therefore, useful considera­
tions in the ecological analysis of green cassava 
mite populations. 

Rate of oviposit by M. tanajoa was higher at 
relative humidities between 50 and 70% 
( maximum 4. 7 eggs per female per da y at 
60% ). Most eggs were la id at 32 ·c. and the 
rate was 3.8 eggs/ female per day. Develop­
ment of instars at ditferent relative humidity 
levels was slightly different from that recorded 
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Tab1e 2. Popu1ation of 0/igota predators and corresponding host popu1atíon on 
cassava during October through December 1972 at Kawanda Research Station. 

Mites/ Leaf 

Adults 
Date and 

samp1ed Eggs nymphs 

13 Oct 1502 1040 
20 Oct 697 272 
27 Oct 1824 696 
3 Nov 688 238 

10 Nov 2126 601 
23 Nov 949 400 
29 Nov 431 157 
8 Dec 2190 422 

14 Dec 530 349 
22 Oec 1027 424 
28 Oec 1162 390 
Total 13126 4989 
Mean 1193 454 

in a free laboratory environment. A duration 
of 9 days was recorded from commencement 
of la rval to end of deutonymphal periods at 
relative humidities of 50-70% compared to 
10-11 days at 20-40 % and 11-13 days at 
80-100%. The green cassava mi te was capab1e 
of multiplying 70 times in a generation lasting 
a mean of 17 days, at an intrinsic rate of 
natural increase of 0.25 mite per female per 
da y. 

Oligota Predator Population 
The results of a study of the seasonal abun­

dance and correlation with host density are 
presented in T able 2. During scarcity of host 
mites, 0/igota disappeared. The predator was 
more abundant on leaves 5-8 counting from 
the apical end. This high density of the predator 
coincided with the higher concentration of host 
miles on these leaves. This correlation was con­
sidered favourable and sufficiently effective 
particula rly during the dry season whcn the 
population of the host mite was h igh. Ninety­
five percent of 0/igota recorded were adults. 
No pupae werc recorded on leaves, although 
sorne were found in debris and the soil surface. 

Discussion 
The green cassava mite probably chooses 

she1tered places as protection against harsh en­
vironment and excessive light. However, as the 
number of mites per leaf increases, they in-

Predators/ 50 1eaves 
1 nfestation 

Larvae Adu1ts status 

o 47 Heavy 
o 22 Heavy 
o 7 Heavy 
o 24 Heavy 
3 20 Heavy 
o 43 V. heavy 
2 22 V. heavy 
2 21 V. heavy 
o 4 V. heavy 
o 6 V. heavy 
o 2 V. heavy 
7 218 
0 .6 20 

habit the overall area of the leaf. Thc ratio 
of the number of mites and their stages and 
that of the di ffere nt sexes in thc apical half to 
that of simila r componcnts in the basal half 
d ecreases from 1 :4 at Iow infcstation to 1 :2 
or 1: 1 at high infestation. T his implies that 
at Iow infestation levels there is a tendency of 
miles to concentrate more in the sheltered 
places at the base of the leaf. The mites get 
dispersed as the population on the unit leaf 
increases. The dispersion might also be induced 
by depletion of food and nutrient at thc initia1 
point of infestation on the leaf. 

The density of thc mite infestation on plants 
of different ages varies greatly. The initial evi­
dence is, however, that very young plants and 
very old plants do not harbour a high density 
of mites. Plants between 12 a nd 40 weeks of 
age a re denscly infested with active mite stages 
and their eggs. This was observed in other 
varieties (Nyiira 1975a), whcre, after 36-40 
weeks the population of M. tanajoa was re­
duced so 1ow that economic control measures 
were not desirab1e. 

Aging of cassava leaves has a varied effect 
on population dcnsity of M. tanajoa. The 
population bui1ds up until leaves are 35 days 
o1d, when the number of mites on them falls 
sharply probably due lo depletion of nutrients 
and overpopulation. The tendency is for the 
mites to migrate within the plant onto the 
younger 1eaves or from heavi ly infested plants 
to less infested ones to form new colonies. The 
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foliage condition is, therefore, a critical deter­
minan! of rate of migra tion and dispersa!. 

Many factors are involved in regulating mite 
populations. However. the data presented in 
Fig. 1 suggest that different varieties of cas­
sava support different population densities even 
when other conditions are similar. This varia­
tion in the intensity of infestation and. there­
fore damage. suggests that certain varieties are 
preferred. This preference would suggest breed­
ing cassava varieties that are resistan! or 
tolerant to the green cassava mite. We favour 
breeding fast-maturing varieties that are re­
sistant!tolerant to M . tanajoa as the most 
effective control measure (Nyii ra !975c). 

0/igota species in Uganda appear in syn­
chrony with M . ranajoa. Table 2 shows, how­
ever, that during heavy infestation by the host 
mite when the populatio n of the latter is about 
to start diminishing. the population of the 
predator falls rapidly. This allows a rapid 
buildup of the host mite to migrate to fresh 
leaves befare the predator population builds up 
again. However, the reappearance of 0/igota, 
and the combined relative effectiveness of 
other predators o f the host mi te. appear to keep 
down mite populations. An integrated program 
utilizíng fast-maturing resistant/tolerant vari­
eties backed by a viable program of biological 
control was suggested by Nyiira ( 1975a). Ben­
nett (1975) and Bennett and Yaseen (1975) 
obtained useful data on correlations of 0/igota 
and phytoseiid predatory mites with M. 
tanajoa populations in Trinidad. They have 
reported variations in the abundance of the 
predators. Their results probably explain the 

total effect of predators on the green cassava 
mite, an effect not otherwise explained when 
individual predators are considered. 
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nifica na of the green cassa1•a mite (Monony­
chellus tanajoa) in Uganda. In The International 
Exchange and Testing of Cassava Germ Plasm 
in Africa. IDRC-063e, 1975c, 27-29. 

Distribution, Biology, and Population Dynamics of 
the Green Cassava Mite in the Neotropics 

M. Y aseen and F. D. Bennett1 

Investigations on the biology and ecology of the green cassava mite Mononychel/us 
tanajoa and its natural enemies, as well as those of other cassava miles, to evaluate the 
latter for tria! in Africa have been conducted in the Neotropics since April 1974 by the 
Commonwealth lnstitute of Biological Control, Trinidad. In Trinidad, densities of M. 
tanajoa are closely related to rainfall; dry periods are conducive to the development of high 
mite popu\ations. The age and pbysiological condition of the host plant also greatly in­
fluence mi te densities. Mi te dispersa! is influenced by wind. Regular observations on severa! 
cassava varieties during 1975 did not indicate any of these to be resistant to mite attack. 

1Commonwealth lnstitute of Biological Control, Gordon Street, Curepe, Trinidad. 
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Predators play a significan! role in regulating population densities of tbe mite. Of tbe 
severa! predators recorded, 0/igota minwa, thc dominan! predator, and Typlrludromafus 
limonicus and T. rapax, two importan! predaceous mites, merit introduclion against 
M. tanajoa in Africa. 

The Neotropical green cassava mite Mono­
nycheltus tanajoa was reported rccently from 
Uganda (Nyiira 1972). The mi te spread 
rapidly and is already causing serious damage 
in severa) parts of the Ethiopian region of 
Africa. Heavy infestations rcsult in retarded 
plant growth and leaf shedding ( Lyons 1973). 
Because chemical control under African con­
ditions is not practica!, other measures includ­
ing biological control are being studied. 

As M. tanajoa is not considered a serious 
pest in the Neotropics very little information 
is available about the mite and its predators. 
lnvcstigations on the biology and ecology of 
the mite and its natural enemics, as wcll as 
those of othcr cassava mites, to evaluate the 
lattcr for tria! in Africa were initiated at this 
laboratory in April 1974. Thc results obtained 
to date are presentcd here. 

Investigations and Results 

Distribution of M. tanajoa 

The mi te occurs in Brazil (Sondar 1938) 
and Paraguay (A randa and Flcchtmann 1971), 
and is now widesprcad in Trinidad and 
Guyana. lt is also abundant in Colombia and 
probably occurs in Surinam and Venezuela. 

Other Mites 

Surveys have been carried out for cassava 
mites and their natural enemies in severa) arcas 
in Central and South America and the Carib­
bean, and severa) othcr tetranychids infesting 
cassava were encountercd. While special visits 
were made to survey for ca~sava miles in 
Colombia, Mexico. Panama, and Peru, other 
records were obtained from Antigua. the 
Bahamas, Barbados, Guatemala, Jamaica, 
Montserrat. Nicaragua. St. Kitts. and Surinam 
in connection with other work. Records of M. 
tanajoa and other tetranychids on cassava en­
countered during thc surveys are given in 
Table l. 

Of the three tetranychids attacking cassava 
in Trinidad, M . tanajoa belongs to the carib­
beanae group characterized by Paschoal 
( 1971 ), and can be easily recognized. 8 oth 
T. tumidus and T. urticae females are carmine 

but thc former is easily scparated by the wcll­
devclopcd mcd iodor~al ~pur on the empodium 
which is tiny or abscnt from T. urticae ( Prit­
chard and Bakcr 1955 ). T. tumidus is usually 
a grecnhouse pcst whilc 7". urticae attacks 
senesccnt leaves with deplcted nutrients. M. 
tanajoa is not common on such plants. 

Biology 
The biology of M . tanajoa was investigated 

in the laboratory (temperature 26.8±2.2 ·e 
and rclative humidity of 82 % in the morning 
to 55 % in the aftcrnoon). The prcoviposition 
period !asted 1-2 days. The duration of the 
egg, larval , protonymphal and deutonymphal 
stagcs were 3-4, 1-2. 1- 2 and 2-3 days, re­
spectively. Each active stage was followed by 
a quicsccnt ~tagc lasting le~~ than a day and 
the total cgg to adult period was 11-13 days. 
The males which mature first remain near the 
fcmalc telcochrysalis rcady to mate with the 
emcrging fcmales. Fcmales laid 21-65 (avg 
38.5±15.8) eggs during 8-14 days; they lived 
up to 18 days. 

U nder field conditions eggs are la id singly 
on the s ides of the midrib or other veins or 
in concavitics on the lower surface of the leaf. 
Most of thc eggs are laid on thc basal half of 
thc lcaf. 

Population Studics 

Regular observations from April 1974 to 
date have shown that densities of M. tanajoa 
are closely related to the pattcrn of rainfa ll . 
In Trinidad the average daily temperatures do 
not fiucluate grcatly during thc ycar. Thc an­
nual rainfall varíes from 2100 to 2500 mm . 
Thc main rainy season extcnds from thc cnd 
of May or carly Junc to Dcccmber or mid 
January: ahout 80% of the annual precipita­
tion occurs from middle of July to Decembcr 
despitc a comparativcly dry period of 4-5 
wccks in Scptcmbcr-Octobcr. The rclative hu­
midity varíes from about 80% in thc morning 
to about 55% in thc aftcrnoon during thc dry 
season and re mains gcnerally high, around 
90 %. during the wet season. 

Data, based on weekly counts, indicate that 
dry periods are conducivc to the devclopment 
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Table l. Tetranychids collected on cassava during surveys in 1974-75 (localities in parentheses).• 

Tetranychids Distribution 

Mononychel/us (Eorerranyclrus) caribbeanae (McGregor) Barbados, Nicaragua (Carazo), Panama 
(Aquadulce), Peru (Chiclago), St. Kitts (Sandy 
Point) and Bahamas (Andros) 

M . mcgregori (Flechtmann and Baker) 
M . tanajoa (Bondar) 

0/igonichus peru~ianus 

Tetranycllus cinnabarinus (Boisduval) 

T. tumidus (Banks) 

T. urticae (Koch) 

T. sp. probably urticae 

Tetranycilus sp. 

Colombia (Jamundi) 
Brazil (Sta te of Babia), Colombia, Guyana 
(Georgetown), Paraguay and Trinidad 

Colombia (Cauca Valley) 

Montserrat, W.J. 

Mexico (Yucatan State) and Trinidad 

Col9mbia (Cauca Valley), Peru (La Molina and 
Mala) and Trinidad 

Colombia (Palmira) and Peru (Mala) 

Bahamas (Andros lsland), Mexico (Yucatan 
State) and Nicaragua (Granada) 

•See Flechtmann and Baker (1 970) and Jeppson et al. (1975) for additional distribution and host records. 

of high mite populations. Mite populations 
showed upward trends in March-April and 
developed peak levels by the end of May or 
early June which persisted to the middle of 
July when they d ropped suddenly with the 
onset of heavy rains. A minor peak developed 
during the short dry period in September-Oc­
tober. Weekly counts on 1 O cassava varieties 
in an experimental plot during 1975 indicated 
that 56.1-66.5 % of the mi te population oc­
curred in June-July during the major peak 
level and 9.0-29.7 % in September-October 
during the short-lived minor peak. Sustained 
heavy rains in October were catastrophic. As 
M. tanajoa does not form a protective web 
all stages including the eggs were dislodged by 
sustained heavy rain and the mite was scarce 
throughout the remainder of the wet season. 

The age and physiological condition of the 
host plant also inftuenced mite densities. Very 
young plants usually harboured few mites; the 
few newly ftushed leaves not only provide only 
small surface areas but the nutrients are not 
fui! y synthesized. Similar( y very old plants with 
depleted nutrients and retarded growth did not 
provide favourable conditions. Young vigorous 
plants about 4-8 months old, which produce 
new leaves early in the dry season. provide 
very favourable conditions for the develop­
ment of heavy mite populations. 

Most of the mites occur on the upper leaves 
of the plant. the la rgest numbers being on 
lea ves 5-1 O; the top 3-4 newly ftushed lea ves 

carry few mites. After the tenth leaf the num­
bers fall sharply apparently due to the deple­
tion of nutrients. 

Severa( tetranychids disperse under the in­
ftuence of wind (van deVries et al. 1972) . Fe­
mate miles suspend themselves on silken 
threads and a re carried away by wind cur­
rents. This activity usually occurs during the 
hot and co mparatively calm periods between 
9 and 1 O AM and 3 and 4 PM when the wind 
speed is below 5 mph. In an experimental plot 
the mite dispersed over a distance of 200 m in 
the direction of the prevailing wind between 
1 May and 23 July 1975. 

Montaldo ( 1972) reported cassava varieties 
resistan! to tetranychids in Venezuela. Also 
Nyiira ( 1972) noticed varying levels of M . 
tanajoa infestations and ditfering degrees of 
susceptibility related to cassava varieties in 
Uganda. Regular counts were made on four 
cassava varieties from May to September 1974 
and, while ditferent levels of infestations were 
noticed, the results were inconclusive because 
the plots of the different varieties were in dif­
ferent rainfall zones. In a special plot with 10 
local varieties at Curepe weekly counts of 
mites from March 1975 to February 1976 in­
dicated that none of these varieties was en­
tirely resistant to mite attack. However, sig­
nifican! ditferences in mite densities on sorne 
varieties were recorded during the periods of 
peak populations. While variety Maracas Black 
Stick had the lowest levels during both the 
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Table 2. Predators of M . tanajoa and related cassava mites encountered during surveys in the 
neotropics, 1974-75. 

Predator 

Phytoseiidae 
Euseius hibisci (Chant) 
Phytoseuilus macropi/is (Banks) 
Typhlodromalus /imonicus (Garman and McGregor) 

T. rapax (DeLeon) 

Cecidomyiidae 
Feltiella sp. 
Unidentified 
Fe/tia sp. 

Coccinellidae 
Stethorus sp. 

Staphylinidae 
0/igota barbadorum (Frank) 
O. centralis (Sharp) 
O. minuta (Cam.) 

Thysanoptera 
Unidentified 

major and the minor peak populations the 
other varieties were not very consisten!. 

Natural Enemies 
While spider mites are regularly attacked 

by predators they have no arthropod parasites. 
Predators belonging to the families Phyto­
seiidae, Cecidomyiidae, Coccinellidae, Staphy­
Iinidae, and a thysanopteran in association with 
cassava mites were encountered during surveys 
in the Neotropics (Table 2). 

Both qualitative and quantitative data on the 
predators of cassava mites were obtained by 
regular sampling in severa! fields as well as in 
plots especially set up for this purpose in Trini­
dad. Elsewhere surveys were brief and quali­
tative data only were obtained. 

0/igota minuta is the dominan! predator of 
M . tanajoa in Trinidad. Eggs are deposited on 
the lower surface of the leaf. Eggs are laid 
amongst the mite infestations; only a few are 
laid next to the veins. Small Iarvae prefer host 
eggs but the second- and third-stage larvae 
which consume the most prey, as well as the 
adults, feed on eggs and all active stages of the 
host. 

Fluctuations in populations of this staphy­
linid were correlated with those of the host. 
Regular counts from April 1974 to March 
1976 sbowed that it was scarce or absent from 

Distribution 

The Bahamas (Andros Jsland) 
Peru (Mala) 
Colombia (Cali), Mexico (Oaxaca State) and 
Trinidad 
Colombia (Palmira) and Trinidad 

The Bahamas and Montserrat 
Barbados, St.. Kitts, and Trinidad 
Mexico (Tapachula-Chinapo) 

Nicaragua, Trinidad, and Colombia 

Barbados 
Colombia, Mexico and Peru 
Antigua, the Bahamas (New Providence and 
Andros lsland), Colombia, Montserrat, Peru, 
and Trinidad 

Trinidad 

cassava when mi te infestations are very low dur­
ing July to late February. It appears in March 
when the mite commences to increase and it 
beco mes abundan! wben host populations reach 
peak levels in May to July. The abundance 
is highly correlated with the mite densities on 
individ ual plants with the largest numbers 
occurring on heavily infested plants. The num­
bers of the predator also vary in relation to the 
infestation levcls on leaves of individual trees; 
largcr numbers were encountered on leaves 
6-1 O, the largest numbers occurring on lea ves 
7 or 8 where adults and large nymphs of the 
mite are usually most abundant. Adults are 
usually more abundan! on densely infested 
leaves in the early morning hours than during 
the hotter period between 1 O AM and 5 PM. 

Regular counts in experimental plots of cas­
sava varieties in 1975 indicated differences in 
the predator population correlated more close­
ly with host densities than with variety of cas­
sava; larger numbers were encountered on the 
varieties Black Stick and Brown Stick which 
harboured higher mite populations than on 
variety Maracas Black Stick which had few 
mites. Black Stick had the highest mite density 
( 158.9/ leaf) and also the largest predator 
population in June. lt showed a lower host 
density in July while on Brown Stick, which 
had comparatively fewer mites and fewer 
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staphylinids in June, an increase in mites oc­
curred in July. This suggests that when abun­
dant the staphylinid suppresses mite popula­
tions. During periods of scarcity of mites on 
cassava O. minuta migrates to plants infested 
with other spider mites. 

The two phytoseiid mites Typhlodromalus 
limonicus and T. rapax are regularly associated 
with M. tanajoa on cassava in Trinidad. Eggs 
of both species are laid amongst the mites even 
when infestations are light. Adults and nymphs 
actively prey on the eggs and active stages of 
M. tanajoa; whcn not feeding they rest for long 
intervals concealed either along the mid-rib or 
on the petiole. 

The phytoseiids are most abundant during 
the peak levels of the host mite population but 
they are seldom as abundant as 0/igota and 
their intrinsic rate of increase appears to be 
lower than that of M. tanajoa. 

The undetermined cecidomyiid appeared 
only during periods of peak mite densities and 
then only in negligible numbers. M. tanajoa 
does not seem to be its preferred host as larvae 
are more abundant on infestations of the 
carmine mite on other hosts. Larvae of the 
predatory thrips occasionally preyed on host 
eggs and the active stages of M . tanajoa but 
adults were seldom observed on cassava. The 
occurrence of Stethorus sp. was sporadic even 
during peak levels of Mononychellus which 
does not seem to be its regular prey. 

Eftects of Pesticides 
The effects of Galecron and Malathion were 

studied in a cassava plot at the Experimental 
Station of the University of the West Indies 
during June 1975 to January 1976. Initially the 
plot was treated with Galecron (2.2 g/ gal). 
While the mite was suppressed initially after the 
treatment its resurgence was rapid and addi­
tional treatments were required every 3-4 
weeks. In August this acaricide was replaced by 
Malathion but its effectiveness did not extend 
beyond 2 weeks and the plot was sprayed every 
15-18 days to keep mite populations at a low 
leve l. 

The mite populations in the untreated plot 
exhibited the normal pattern of seasonal in­
cidence (2691 in June, 355 in November, 1077 
in J anuary) observed elsewhere and the pred­
atory fauna persisted throughout the period. 
In the treated plots the frequency of sprays did 
not give the predators sufficient time to re­
cover. While 0/igota and also the cecidomyiid 

predator appeared to a minor extent with the 
resurgence of the mite in June-August, Typh­
lodromalus spp. which were the main predators 
later in the season did not. Recovering from the 
effects of chemical pcsticides, M. tanajoa builds 
up rapidly in the absence or scarcity of pred­
ators on the treated plants. 

Predato ry mites and M . tanajoa were sup­
pressed by the pesticide applications but popu­
lations of the latter recovcred and built up 
very rapidly bcfore the former reinvaded the 
plants. 

Effects of Fertilizers 
Since densities of mite populations are as­

sociated with nutrient levels, studies on the 
mi te response on 1 O cassava varieties in plots 
treated with NPK were initiated in January 
1976. The results are still inconclusive but ob­
servations during January-March indicated 
that mite populations were higher in all treat­
ed plots than in the untreated check plot . With­
in the treated plots differences apparently re­
latcd to both fertilizer treatment and variety. 
While on variety Black Stick higher popula­
t ions occurred in the P treatment, the K treat­
ments on varieties Fromogcne and Tobago 
Special supported the highest populations. The 
trends on other varieties were not consistent : 
initially the P treatment on variety Around-the­
world supported higher populations than those 
of N and K, whereas populations on the N 
treatments on varieties Dan, DanBiue, and 
Butter Stick were higher than on the other 
treatments. However, the K treatments for 
these three varieties later had the highest popu­
lation. Simila rly, the N treated plots of Brown 
Stick and Maracas Black Stick and the K 
treated plots of Butter Stick 133-2 supported 
the largest numbers in January, but in Feb­
ruary-March populations were higher in the 
P treated plots. For variety Red Stick the 
largest populations occurred in the K treated 
plots in January but during February-March 
the N treated plots carried the heaviest in­
festations. 

Discussion and Conclusions 
In Trinidad and probably in the rest of the 

Neotropics M . tanajoa (or most of the year 
remains at very low population Jevels due to 
hcavy rains. During dry periods it may reach 
epidemic proportions but predators play a sig­
nifican! role in regulating the population den­
sities. 
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O. minuta is the dominan! predator. 1t is 
adapted to prey on tetranychids and is known 
from mi tes from severa) hosts ( Frank 1972). 
The species, being density-dependent, survives 
the periods of low-host density on cassava by 
moving on to other hosts. 

8oth TypModromalus spp. are in constan! 
association with the host on cassava. They have 
good searching abi lity and are prescnt whether 
the numbcrs of the hosts are high or low. T . 
limonicus survives the periods of host scarcity 
by feeding on pollen (McMurtry a nd Scriven 
1965) . Both the phytoseiid predators and O. 
minuta mcrit introduction against M. tanajoa 
in Africa. 

Of the other predators, the staphylinids 
Oligota barbadorum and O. centralis and 
phytoseiids Euseius hibisci and Phytoseuilus 
macropilus need to be further evaluated. 

Thanks are due to H. A. Denmark, Florida De­
partment of Agriculture and Consumer Services, 
and C. H. W. Flechtmann, Universidad de Sao 
Paulo, Brazil, for the identification of mites. J. H . 
Frank, Florida Medica) Entomology Laboratory, 
Vero Beach, Florida, ident ified 0/igota spp. These 
investigations were financed by the International 
Development Research Centre, Canada. 
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Susceptibility of Cassava Chips to Araeceras fasciculatus 

K. S. PillaP 

Studies were made to ascertain the relative susceptibil ity of cassava chips made from 
different varieties to A. fasciculatus. The test insect was collected from the storage 
house and cultured in the laboratory on cassava chips. Ten cassava varieties H-165, H-226, 
H-1687, H-2304, H-38, H-3641 , H-31 2, H-97, H-2059, and H-1310 were used. H-226 
and H-2304 were the 1east susceptible. 

Because raw cassava tubers cannot be stored 
indefinitely, the common practice is to slice the 
tubers and sun-dry them befare storing. The 
si ices (chips) are a lso parboiled, dried, and 
stored to enhance the keeping quality. The 

!Central Tuber Crops Research Institute, Tri­
vandrum, India. 

sun-dried chips are more widely preferred for 
eating. Chips are attacked by more than a 
dozen storage pcsts, the most important one 
(Araeceras fascicu latus) causing great eco­
nomic loss. It is commonly called the arecanut 
beetle as it was a specific pest of stored areca­
nuts (Ayyar 1940; Nair and Oommen 1969). 
A./asciculatus eats a wide variety of foods and 
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Table l. The means of insect population and 
quantity of cassava chips damaged in different 

treatments (varieties). 

Varieties 

H-226 
H-1687 
H-165 
H-2304 
H-38 
H-3641 
H-312 
H-97 
H-2059 
H-1310 

Mean population of 
test insect 

39.3 
101.1 
85.0 
64.0 
88.3 
97.3 
99.3 

100.0 
90.0 

106.3 

Mean quantity of 
chips damaged (g) 

154.3 
217.7 
209.3 
147.0 
209.0 
207.0 
201.0 
200.3 
194.7 
205.0 

infests such crops as cassava, maizc, pulses, 
ginger, and arecanut (Raghunath and Nair 
1970). Though it is a serious pest of stored cas­
sava chips, little work has so far becn done on 
the extcnt of damage and the relative resist­
ance/ susceptibility of different cassava varie­
ties. Raghunath and Nair (1970) rcported that 
cassava is thc preferred host material of the 
insect. 

Materials and Methods 
Mass culture of A. /asciculatus on cassava 

was maintaincd in the laboratory from the in­
noculum obtained from the storehouse. Fresh 
sun-dried chips (250 g) of uniform size from 
each of the 1 O hybrids were kept in thick poly­
thene bags. Three identical samples were used 
in the experiment. Ten pairs of freshly emerged 
test insects were put into each bag for 
feeding and multiplication. The bags contain­
ing host material and test insects were dipped 
and kept in the laboratory for 45 days. The 

bags were then opened, and the numbcr of 
adult bcctles and thc quantity of chips pow­
dered were recordcd. Thc data collected were 
subjccted to analysis of variance. 

Results and Discussion 
Thc data presented in Table 1 record the 

mean numbcr of adult insects '(from 39.3 of 
H-226 to \06.3 of H-131 O) obtained and also 
the mean quantity of cassava chips powdered 
or damagcd in each variety (147 g of H-2304 
to 217.7 g of H1687) after 45 days. The 
quantity of chips damaged was usually directly 
proportional lo the progeny increase in the test 
insects. The data indicate that H-226 and 
H-2304 are significantly superior to the other 
varieties in not promoting the population 
buildup of the pest. 

There is also a significan! difference bctween 
H-226 and H-2304 and H-226 has the highest 
rcsístance to this insect. 

In quantity of chips damaged, all varicties 
except H-2304 and H-226 are susceptible and 
significantly inferior, but between these two 
there is no significan! difference. 

Thanks are due to Dr N. Hrishi, Director, 
Central Tuber Crops Research lnstitute, Trivan­
drum, for bis kind help and for providing neces­
sary facilities. Smt K. R. Lakshmi assisted in the 
statistical analysis of the data. 
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e ¿/ Utilization of Potatoes in the Tropics 

vi N. R. ~hompson, R. T. 'Yurster, and K. D. ~ayre1 

Researcb at the Jnternational Potato Center in Peru has demonstrated that excellent 
potato yields can be obtained under both intermediate- and low-elevation tropical environ­
ments. Tbe pota lo clones that are well-adapted to these conditions mature quickly ( 65- 90 
days). This cbaracteristic allows more ftexibility to introduce the potato into curren! farm-

'On leave from Michigan State University, USA ; Regional Research and Training. Jnternational 
Potato Center, Lima, Peru. and Department of Plant Physiology, Jnternational Potato Center. Lima, 
Peru, respectively. 
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ing systems in intermediate- and low-elevation tropical areas. The potential for bigh 
carbobydrate production plus the sizable amou nt of high-quality protein that the potato can 
produce in short time periods clearly indicates that it can play a very importan! role in 
diversifying and improving the nutritional status of many tropical areas. 

The potato, indigenous to the tropical lati­
tudes of the high Andes of South America, has 
trave lled a circuitous route and undergone 
considerable change befare returning to its 
original home. At this Center scientists are ex­
ploring its tremendous potential for adaptation 
to start it on a second world journey, this time 
in the lower elevations of the tropical and sub­
tropical latitudes. 

Thc Spanish seafarers who carried the pa tato 
to Europe made a greater contribution to 
mankind than those who carried gold and 
silver. Whcn first introduced into Europe, the 
patato was poorly adapted to the long days of 
the tempcrate zone and was grown as a curi­
osity in botanical gardens. H owever, in the next 
ccntury, through brecding and selection, its 
valuc was realized and production reached a 
peak in thc ninctccnth century (Salaman 1949). 

Thc patato was classified as a crop of the 
temperatc zone, primarily because of its adop­
tion and use in Europe and North America. 
lts versatility permits it to be grown under very 
diverse environmental conditions. The "patato 
season" can be adjusted to the time of year 
which provides the most suitable temperature 
and moisture conditions. It is the most exten­
sively cultivated "root crop" (293.72 millíon 
mctric tons in 197 4). It is grown in a ver y wide 
range of climatic zones in over 1 00 countries. 
In the Wcstern H emispherc, it is cultivated 
from Alaska down through M exico, Panama, 
Colombia, Peru, to southern C hile. Because of 
its frost tolerance it thrives at alt itudes too cold 
for maizc. Adaptation to this wide range of en­
vironments was achievcd by gcnetic alteration. 
lt is now possible to define the characteristics 
that will promete its adaptation to tropical a nd 
subt ropical environments where root crops are 
important sources of food. 

Our results show that excellcnt yields in the 
San Ramon area can be produced in a tropical 
environment (Table 1 ) . Yiclds as high as 2850 
g / plant have been recorded. Some produced 
over 1000 g/ plant in 90 days; one clone pro­
duced 1100 g/ p1ant in 65 days. After testing 
similar cultivars South Korean workers are in­
terested in 80-day potatoes in a multicrop 
sequence with rice. India is making a major 
cffort to double patato production in the next 

5 ycars. Kcnya and the Cameroons a re vigor­
ously improving their patato programs. The 
patato is coming into its own in the tropics and 
has alrcady gained considerable popularity, 
particularly among the affiuent. H owever, too 
often the demand is satisfied by import, so it 
is essential that research be carried out to adapt 
thc patato to the tropical environment. The 
addit ion of this very nutritious food item will 
help divc rsify the dict o f a large segment of 
the world 's fastest-growing populations. 

Thc importance of potatoes in the early so­
cicties of South America a nd Europe is history. 
Langcr ( 1963) attributcs the European popu­
lation explosion of the 18th Century to the 
introduction of the patato. Production from a 
small plot of ground provided sufficient food 
for a family and usually a surplus to sell . Ac­
cording to Sal aman ( 1949) this made the in­
dustria l revolution possible. 

Early South Americans wcre the first "patato 
proccssors." Chuño, probably the world's fi rst 
frceze-dried food product, originated in the 
altiplano of Peru and Bolivia and reached its 
peak during the Inca regime. Ever since, the 
patato h as been among the most reliable foods 
to cnsure man's survival during periods of food 
shortages. Its use during wartime is well docu­
mcntcd. Fresh potatoes are a durable food not 
easily dcstroyed by fire, either in the field or in 
storagc. 

U nfortunately, man is just relearning the 
cxceptional value of dehydrated potatoes as a 
product to store, along with ccreals, for periods 
of cmcrgencies. Pea re ( 1 973) m a de a high 
quality concentrate with 33 % protein by re­
moving the largc starch grains from patato 
flour. This Center has in itiated research into 
storage and processing at the village level to 
preserve the potato for longer periods of time. 

T he patato is a succulent storage stem con­
taining 70-80% water. This h igh water con­
ten! must be considercd when potatoes are 
compared to such foods as wheat, rice, or corn 
which a re nearly dry. For instance, potatoes 
with 2-3 % protein would appear inferior to 
rice with 7%. H owever, few cereals are caten 
in their natural state. Rice when cooked and 
prepared for eating contains approximately 
2 % protein, very similar to potato. In a like 
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Table l. Adaptation tria! yields in 1974. 

San Ramon 

Clone Metric tons/ha 

657A-5 60.06 
CGN69-l 49.33 
69-47-2 43.89 
Antarqui 39.50 
72/ Mast-164 35.97 
N512-50 35.64 
M1255-16 34.98 

comparison bread contains 7-8% . This ex­
plains how great civilizations were built on 
potato, wheat, and rice as the staple foods. 

The superiority of potato protein was re­
ported by Kofranyi and Jekat ( 1967) . In 
human bioassay with potato as the only source 
of protein, the daily requirement averaged 
0.51 g protein/ kg body weight. In rat-feeding 
trials Chang and Avcry ( 1969) found the nu­
tritive value of potato superior to that of rice. 
Jekat and Kofranyi ( 1970) demonstrated, by 
human bioassays, complementary etfects of 
egg protein with potato, soybean, algae, rice, 
maize, bcan, and wheat protein. The mínimum 
protein requirement that maintained nitrogen 
balance was a mixture of 36% egg protein and 
64% potato protein. In nitrogen balance 
studies, using adults as test individuals, potato 
protein proved to have the bes! nutritive value 
of all analyzed plant proteins, wheat flour, 
maize, rice, algae, soybean, and kidney bean 
protein (Kofranyi 1971, 1972). Kaldy ( 1972) 
calculated the number of people who could be 
supplied with protein per hectare per year from 
various crops, including potatoes (23.5 coro­
pared to 40.5 for soybean). 

To meet present and especially future world 
food demands it is now recognized that em­
phasis must be placed on plants and plan! 
products. Not only will it be necessary to im­
prove on existing sources of food but new 
sources need to be explored. In the tropics the 
potato falls into the second category. The 
potato is one of thc four most importan! food 
crops ( the other three are wheat, rice, and 
maize). 

In the assessment of any food crop, protein 
and energy must be considered together. The 
potato provides more of man's daily require­
ments of protein than energy. Protein cannot 
be used for growth or maintenance nor can it 

La Molina 

~~ solids Metric tons;ha r¿ solids 

20.1 51.97 21.0 
20.2 46.20 22.1 
20.9 49.00 21.1 
16.6 40.59 20.0 
21.1 29.86 22.2 
21.6 30.03 19.8 
24.6 33.46 24.8 

prevent the breakdown of tissue protein when 
the diet does not provide satisfactory quantities 
of other energy sources such as carbohydrates 
and fat. Since most human diets have an 
adequate protein-energy ratio the most prac­
tica! solution to many food problems seems to 
be to supply more of the foods already con­
sumed. While monotonous if consumed alone, 
most supply adequate proteins. When supple­
mented in a varied diet their total nutritional 
value will improve. With this in mind, we are 
studying the potato as a staple food, expecting 
it to be supplemented by animal or other plant 
products but serving as a major source of pro­
tein, carbohydrates, selected minerals and 
vitamins. In extending potatoes into the tropics 
the immediate objective is to increase produc­
tion in the subtropics. Ovcr half of the people 
of developing countries (more than 1000 mil­
lion) live in climatic zones where the potato 
grows very well. A Jarge portion of the popula­
tion of countries normally considered tropical 
or subtropical such as Pakistan, Mexico, 
Brazil, and Tanzania live in arcas where con­
ditions of elevation or water modify the climate 
sufficiently for good potato production with 
the cultivars readily available today. Superior 
clones are rapidly becoming available as well 
(T able 2). The Jonger-term goal is to extend 
into the "true hot , humid, lowland tropics." 
This second objective will come with the de­
velopment of genotypes adapted to these ex­
treme condítions. 

Potato culture in the subtropics and tropics 
will have to be modified to accommodate this 
new environment. Where potatoes have not 
been grown one can only anticípate problems 
such as season for planting. fertilization, dis­
ease. and pest management. The importance 
of these will be intensified where production 
is a year-round activity without frost or periods 
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Tablc 2. Yicld of selcctcd clones grown in 1975 
(in La Molina).'1 

Yield r • .. 
Clone (kg/ha) solids 

5041-41 45870 34.3 
3D 80-43 36102 33.8 
50 370-41 32109 25.5 
3D 100-2 31878 30.9 
3D 376-41 29700 25.7 
3D 80-50 25047 30.9 
3D 80-37 23628 30.8 
3D 80-23 19734 36.3 

acourtcsy Dr F. de h1 Puente. 
bProtein = N X 625. 

(/ 

o 
proteinb RNYC 

8.1 68 
7.5 66 

15.5 73 
6.9 83 

11.3 75 
10.8 85 
7.6 66 
4.9 74 

0 RVN = Growth of Streptoccocus zymogenes as a 
pcrccntagc of casein. 

of drought to dccrcase diseases and insccts. 
Once production problems havc been identi­
fied, seed programs can be initiatcd. In the 
early stages seed may have to be ímported 
from traditional production arcas. Also po­
tatoes must " fit" established cropping systems. 
A potato, to complement total production per 
hectare in a multiple croppíng scheme, pro­
vides the variation so necessary to many diets. 

Potatoes from C IP's breeding programs are 
grown in Peru in a range of environments 
from Yurimaguas in the humid tropics to Puno 
in the altiplano to anticípate their adaptation 
to similar environmcnts in other countries. 
Botanical seed and segregat ing tuber families 
are available for any potato program wishing 
to test them. Adaptation to the environment 
(yield and maturity) influences the produc­
tion and food value of the potato. It would 
appear from recent studics that protein pro­
duction parallels total yield per hectare and 
is strongly influenced by environment. 

Yields, by tradition. have been reported on 
an area basis, i.e. hundredweight/ acre or tons/ 
hectare. In a temperate climate this was satis­
factory as, for the most part, onl y one crop 
was produced each year. However, in the 
tropics where land can be cropped continu­
ously, the time elcment becomcs very impor­
tant. 1t is misleading to compare the yield of 
a 90-day crop to the yield of a 300-day crop 

on a pcr hcctare basis. For tropical agricul­
ture. a more rcasonable measure is yield per 
unit area per unit of time. Maturíty as meas­
urcd in tcmperate zones may not be essential. 
Production of a usable food product is the 
major critcrion. With carly-lubcrizing cultivars, 
three to four crops are possible in one year 
tripling or quadrupling thc yicld per hectare 
and providing a continuous harvcst to avoid 
storage problcms. On this basis thc potato out­
ranks all of the major world food crops in­
cluding corn, whcat, and rice. Only threc short­
season crops. soybeans. beans, and peas. out­
rank thc potato in protein production per unit 
arca per unit time. Growing potatocs in the 
tropics will necessitate major changcs in the 
thinking of scientists from tempcratc rcgíons 
as well as for the students of tropical countríes 
trained in tcmperate regions. 
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ALBUQUERQUE: SCALE INSECT ATIACK 

Mealy Bug Attack on Cassava in Amazonia 1 

Milton D. Albuquerque:.! 
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A severe attack on cassava by a mealy bug ( la ter idcntified as Pllenacoccu.1 sp.) oc­
curred in 1975 in tbe Amapa Territory of Brazil for the first time. The insect is describcd, 
and effective control measures are recommended. 

This paper records the first occurrence of a 
scale insect species in the Amazon region. It 
appeared in cassava plantations at the head­
quarters of the Centro de Pesquisas Agro­
pecuarias do Tropico U mido, in the counties of 
Belen and Macapa (A mapa Territory), Brazil. 
This mealy bug differs from Pseudococcus 
spp. common to Amazonia and which causes 
negligible damage. Jt was identified in London 
as Phenacoccus sp . (Homoptera-Pseudococ­
cidae). 

The pest appeared during the second half of 
1975, severely attacking the trials and the !50-
cultivar collection of the above-mentioned re­
search centre, as well as Manihot glaziorii. 

The insect was destroyed by burning all 
material, after saving the collection by treating 
the unattacked portions of the stakes with in­
secticides. The collection was moved to 
Tracateua, a farm situated 200 km from Belen. 

After carefully surveying the Amazonian 
area, it was apparen t that the pest was re­
stricted to the EMBRAP A farm in Belen and 
to the municipality of Macapa. 

We believe the pest entered Belen from 
Macapa, the only location where vegetative 
material has been recently introduced. It is 
possible that it entered Macapa from French 

1Translated and condensed by Julio Cesar Toro, 
CIA T. Cali, Colombia. 

2Brazilian Agricultura! Researcb Institute 
(EMBRAPA). Humid Tropical Agricultura! Re­
searcb Centre, Belém, Brazil. 

Guiana or Surinam. 
Adults a re about 2.4 mm long and 1.5 mm 

wide. They are white and their bodies are 
covered by a whitish dust. They move slowly 
when disturbed. Females !ay a very large num­
ber of eggs which they protect in a mesh of 
off-white fibres, similar to a spider's web. 

This pest attacks young and old plants. lt 
appears mainly during the dry season, when the 
attack is especially severe. 1t settles on !caves 
and shoots, which become twisted as the insect 
sucks up the sap. At the same time it injects 
a toxin with its saliva that , in severe attacks, 
withers the plant. One insect alone can make 
a leaf curl. It attacks new shoots as they ap­
pear on the attacked plant, impeding their nor­
mal growth. 

Due to the serious damage caused, studies 
were immediately started to find possible 
sources of resistance. We found that all 150 
cultivars of the collection were susceptible. 
Such wild species as Manihot quinquepartita 
and Manihot brachilaba showed good resist­
ance to the pest. 

No 100% etfect ive insecticide was found but 
two were identified as being efficient in more 
than 95 % of the cases. These were Parathion 
and Citrolane, at 1% concentration of active 
principal. 

The treatment of stakes with these in­
secticides. crop rotation where attacks took 
place, and the elimination of wild cultivar 
hosts are also efficient control measures. 
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Summary of Discussions 
Preharvest and Postharvest Losses 

Rapporteur: J. C. Lozano 

Discussion Leaders: 

J. C. Lozano, H. D. Thurston, R. H. Booth, and L. B. Rankine 

The lead paper by H . R. Shuyler, R. H. Gonzalez, W. l. Moller, J. Faure and 
E. Reusse entitled " Pre- and Postharvest Losses of Tropical Roots and Tubers and 
Their Reduction" was presented by H. A. AI-Jibouri.1 The prepared abstract was: 

"Pre- and postharvest loss of tropical root and tuber crops is reviewed. Causes 
of loss in the preharvest period include numerous diseases and insect pests. In 
general, losses are not considered to be as severe as for other tropical crops although 
investigation of the problem , comparatively, has not been extensive. Losses due to 
weeds are poorly known. Current loss control approaches emphasize cultural prac­
tices and plant breeding in particular. 

"In addition to diseases and insects, postharvest losses are related to processing 
and marketing, where physiological deterioration frequently occurs. Reduction of 
postharvest loss centres currently around cultural practices. Chemical controls are 
not widely used in pre- or postharvest loss reduction. 

"Conclusions concerning necessary action to further reduce pre- and post­
harvest losses in the next 5-1 O years in elude the need for wider use of improved 
cultural practices. Emphasis first on cassava losses is recommended, then on sweet 
potatoes, and yams. Priority in reduction loss work should be for the subsistence 
grower. These suggestions lead to a need for extensive training to strengthen exten­
sion activities. 

"Cultural practices recommended for the preharvest period include crop 
rotation and improved mass selection for propagation. lntegrated pest management 
should be possible in sorne cases with biological control as an importan! component. 
Plant breeding research is a continuing need. Further reduction of postharvest 
losses requires wider use of the best cultural practices in storage; improvements in 
processing and marketing should also be attainable. Storage and processing losses 
can be further reduced through applied research." 

A synthesis of the discussion follows: 
Thurston discussed the importance of plant diseases as limiting factors in food 

production. The following summary covers the major considerations: 
More than 160 bacteria, 250 viruses, and 8000 fungi are known to cause plant 

disease in addition to mycoplasma-like organisms and viroids which have recently 
been added to the list. Sorne include nematodes as disease-producing agents. There 
are many classic cases of catastrophic plant diseases in history which have wiped out 
entire crops, often resulting in widespread famine and human disease. Examples are 
the late blight epidemic of the 1 840s in Ireland, coffee rust which last century wiped 
out coffee in Ceylon, and in 1970 was introduced into Brazil where it has caused 
great economic loss. As recently as 1942 an epidemic due to brown Jeaf spot caused 
the failure of the rice crop in West Bengal and an estimated 2 million people died. 
Many other examples can be cited, but fortunately tbe great majority of plant 
diseases are not catastrophic. Estimates of losses due to plant disease vary widely 
and much of the information is simply not believed by administrators, the public, 
and politicians. Most figures found for losses in tropical ( developing) countries are 
double those found for the temperate countries of North America and Europe. 

'The complete text of this paper is av~ilable on request from tbe Cassava Jnformation Centre. 
CJAT, Cali, Colombia. 
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Table l. Tbe importance of an integrated approach to increasing effective or utilizable production of 
root crops. 

Sweet 
Model Potatoes potatoes Cassava Yams Aroids Mise. Total 

A. Prese111 situation (millions metric tons) 

l . World production 
(FAO 1974) 100 294 134 105 19 4 3 560 

2. 25% postharvest Josses 
(Coursey and Booth 1972) 25 73 34 26 5 1 140 

3. "Utilized Production" 75 220 101 79 14 3 3 420 
(lQ0-25%) 

B. Possible "Utilizable Production" fol/o wing research and development (mil/ions me trie tons) 

4. Following 5% increase 78.75 231 106 83 15 3 3 441 
in production (105-:?5%) 

5. Following 5% reduction 80 235 107 84 15 3 3 448 
in postharvest losses (IQ0-20%) 

6. Following 5o/c increase in 84 247 t t3 88 t6 4 3 470 
production and 5% re- (105- 20%) 
duction in postbarvest 
Josses 

In addition to the direct losses that occur from plant diseases, the threat of 
introducing discases into new arcas- countries or continents - is perhaps greater 
today than at any time. Increased movement of plants from country to country and 
continent to continent has been highly beneficia! to man, but it has resulted in 
increased movement of diseases around the world. The threat o f introducing new 
diseases is perhaps greatest in tropical areas. Examples of diseases that could move 
from continent to continent are the Asían downy mildews of maize, the Asia 
bacteria! diseases of rice, African cassava mosaic, moko disease of bananas, Iethal 
yellowing and red ring of coconut, and soybean rust. 

Traditional agriculture in large arcas of the developing world is giving way to 
modern agriculture which includes many new inputs. These additional inputs 
paradoxically and unfortunately often have the potential to increase disease prob­
Iems. Tbe new high-yielding varieties of wheat and rice involve a relatively small 
range of genotypes most of which have many common genes such as those for 
dwarfing. New races of a pathogen or a now-obscure disease or insect pest might 
have the potential in a given year, with optimal weather conditions, to cause wide­
spread and serious losses. No one, least of all the breeders and plant protectionists of 
the international centres in developing countries where the high-yielding varieties 
are grown, would dispute this possibility. H owevcr, they are aware of these dangers 
and have extensive activitics to monitor changes in pests and pathogens to reduce 
the chances of potential disasters. A worldwide cooperativc ctfort to monitor the 
world movement of pathogens, perhaps including other pests, should be established. 

All plant protectionists, entomologists. plant pathologists, nematologists, and 
weed scientists should work together to develop pest management systems. Tbe 
problems that the world faces in crop protection a re too challenging not to work 
together to solve tbem. 

Thurston concluded by quoting the following : 
"Recent surveys by the UN's Food and Agriculture Organization confirm the 

startling fact that even today more than one-third of the potential annual world 
harvest is destroyed by weeds, plant diseases, insects, and other pests. The financia! 
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loss in 1975 was estimated 'at over 75 billion dollars which was equivalent to the 
total value of the world's grain harvest together with that of the world's potato 
crop." 

Lozano discussed the environmental factors related to disease development in 
tempera te and tropical zones. He emphasized the following factors: the greater 
availability of susceptible host material and the existence of a continuous favourable 
environment for the development of the diseases which jointly result in more 
frequent incidence of ephiphytotics in tropical zones. 

Booth stressed the importance of postharvest losses, including those of quality, 
and the need for a multidisciplinary approach to their reduction. The possible 
magnitude of these losses is illustrated in Table l. 

Rankine suggested a few approaches for the accurate assessments of crop 
losses, for example, the determination of the cost of control measures. He also 
pointed out the need to consider the interest of the following four broad sectors: the 
industry as a whole, the individual producers, the handlers and processors, etc., and 
the consumers. 

The subsequent open discussion centred around the very real problem of 
technology transfer in root and tuber crop production systems. 
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The Utilization of "Bitter" Potatoes in the Cold Tropics of 
Latin America 

J .A. Cbristiansen and N. R. Thompson1 

Tbis report is part of a study started with "bitter potatoes" in 1971. It was completed 
in tbe Pbysíology Department of tbe International Potato Center in 1976. Tbe purpose of 
the investigation was to identify: (1 ) the yield potentíal of "bítter potatoes"; (2) the 
nutritiona1 va1ue of "chuño" (dry potato); and (3) its use as a source of protein and 
calories in tbe countries of Latín America. 

Potatoes are an important part of the diet 
in the Andean zone. The per capita consump­
tion in Peru reaches 142 kg/ year. Jn the high 
mountain plains, the consumption of potato in­
creases to 288 kg/ year, including the use of 
chuño. 

These high mountain plaíns a re consídered 
to be the centre of origin of the potato and 
it is in this arca that the greatest variability 
of cultivated and wild potato species is found. 
Among the cultivated species are found the 
bitter potatoes, Solanum juupczukii and S. 
curtilobum, a group in which little work on 
genetic and nutritional aspects has been done. 
They are planted at alt itudes of 3500-4500 m, 
in arcas of deep frost. 

The bitter laste of the roots results from their 
high glycoalkaloid content. Bitter potatoes are 
resistant to low tempcratures and are used by 
farmers only for making chuño. e ultivation of 
this crop goes back to the pre-Inca period and 
is continued today by farmers, who generally 
obtain low yields due to a lack of technology. 
These varieties respond favourably to fertilizer 
application. 

The method for processing chuño was well 
known by the Inca culture. They used it as 
their maín source of protein and calories. In 
1550, eieza de León wrote that many 
Spaniards became wealthy by transporting and 

1Visiting Scientists from Ministry of Nutrition, 
National Potato Program, Lima, Peru, and from 
Michigan State University, Department of Food 
Science, East Lansing, Michigan, USA, respec­
tive1y, to The Internationa1 Potato Center (CIP), 
Apartado Postal 5969, Lima, Peru. Research 
carried out as part of the PhD thesis of the senior 
author. 
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selling chuño in the Potosí mines of Bolivia. 
eobo, in 1653, mentioned that there were bit­
ter potatoes that were not acceptable for con­
sumption fresh, but that they were good for 
chuño and were so hardy that even though 
they were stored for many years they did not 
rot or deteriorare. In 1925, Satfort reported 
that he had found chuño, in perfect condition. 
in sorne pre-Jnca tombs in the coastal region. 

Pre-Spanish Peruvians had a very rich diet 
from plant sourccs, consisting of 88 g of pro­
tein and 2400 calories/ ca pita per da y. Included 
in this diet were both f resh and dried patato. 

The possibility of storing "bitter potatoes" 
for severa! years in the form of chuño makes 
them an important source of proteins and 
calories. They a re therefore more important 
than corn and wheat, which cannot be cul­
tivated at high altitudes. e huño, stored from 
the previous year, may make up close to 80% 
of the diet of the inhabitants of the high 
Andean zone if heavy f rosts damage other 
crops. 

Preparation 

ehuño prcparation requires the climatic con­
ditions that exist in the higher plains of the 
Andes. with very Iow night temperatures (-1 5 
to -20 •e), very high daytime temperatures 
(20-25 •e), anda low relative humidity (30-
40% ), especially during the months of J une 
and July. 

After harvesting, the patato is a llowed to 
freeze and thaw alternatively, during 3 nights 
and 3 days. The roots a re then squeezed to 
extract as much water as possible ( eliminating 
a Iarge percentage of the harmful gly-
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Table l. Effect of fertilízer on the yields of white chuño, black chuño, and 
dry potato from clones 702445, 702443, and 702444. 

Fresh White chuño Blackchuño Dry potato 
Fertilizer potato 
(N-P-K) (t/ha) (t/ ha) (%)" (t/ha) (% ) (t/ ha) (% ) 

702445 
0-0-0 12.5 2.5 20 2.6 21 3.0 24 
80-80-50 23.0 4.6 20 4.8 21 5.5 24 
160-160-100 28.4 6.0 20 5.9 21 6.8 24 
240-240-150 34.0 7.0 20 7.1 21 8.1 24 

702443 
0-0-0 8.0 1.8 20 1.9 24 2.0 25 
80-80-50 18.0 4.0 20 4.3 24 4.5 25 
160-160-100 20.0 4.4 20 4.8 24 5.0 25 
240-240-150 21.0 4.6 20 5.0 24 5.2 25 

702444 
0-0-0 8.8 2.5 29 2.6 30 2.6 31 
80-80-50 20.5 6.0 29 6.1 30 6.3 31 
160-160-100 23.4 6.8 29 7.0 30 7.3 31 
240-240-150 24.0 7.0 29 7.2 30 7.5 31 

apercentage production of processed product starting from fresh potato. 

coalkaloids). At the same time, however, part 
of the protein value is also lost by leaching. 

After 15 days of natural drying in the field, 
black chuño is obtained. It is a dried, brown, 
almost black. root with a very strong flavour. 
To obtain white chuño it is necessary to soak 
the roots in running water, after an alternate 
freezing and thawing for 4 weeks. The roots 
are then washed and peeled in the river. After 
drying in the sun for 15 days the final product 
is obtained, which has a lower protein content 
than black chuño. 

To obtain dry potato, the harvested roots 
are boiled for 25-30 min, peeled, and then 
dried in the sun for 12-15 days. They are 
ground before use. For dry potatoes in chip 
form, after cooking and peeling, the roots are 
cut into 1- to 2-mm thick slices that are dried 
in the sun for 10-12 days. 

Results 
Table 1 shows the effect of fertilizers on 

yield. Fertilization does not influence the rel­
ative proportion of the production of chuño 
and dry potato. It only increases as a direct 
consequence of the effect of the fertilizer on 
the production yield of fresh potato. A higher 
percentage of yield is found in dry potato, 
processed from fresh potato. 

Table 2 shows the result of chemical analysis 
of the processed products from bitter potatoes. 

A difference in crude protein content with 
regard to true protein can be seen. 

In white chuño there was a loss in total 
protein of 67-83%, in black chuño this loss 
ranged between 18 and 30% , and in dry po­
tato there was a loss of only 1-20%. These 
results show that loss of nutritional value de­
pends on the processing system and on the 
variety. A positive constant tendency is noticed 
in the yield of clone 702444 for the processed 
products, with the ex.ception of white chuño. 

Table 3 shows the biological and nutritional 
value contained in 1 kg of each of the pro­
cessed products in dry matter, crude protein, 
calories, and usable protein, as well as the 
amount (g), that should be consumed to ac­
quire the daily nutritional requirement of 37 
g of protein and 3000 calories. 

Comparing the nutritional value produced 
by 1 kg of each of the processed products, it 
can be seen that all three have a considerable 
amount of dry matter, but in crude protein, 
black chuño and dry potato have four times 
as much as white chuño. All three products 
have more than 3000 calories; however, in 
usable protein, white chuño has a low content 
(14 g) , whereas dry potato has a high con­
ten! (66 g). To obtain 37 g of protein daily, 
one must consume 1502 g of white chuño, 414 
g of black chuño, or 376 g of dry potato. Dry 
potato and black chuño are the products that 
have the best balance of nutritional value al-
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Table 2. Chemical analyses of processed bitter pota toes. 

Dry Total 
matter nitrogen Crude True Biological 

Clone (%) (%) protein protein value 

Fresh potato 
702445 21.0 2.14 13.7 5.3 45 
702443 21.0 2.22 13.9 6.2 48 
702444 33.0 1.54 9.8 5.2 45 

White chuño 
702445 90.2 0.37 2.4 2.0 55 
702443 89.5 0.45 2.8 2.5 54 
702444 89.8 0.50 3.1 2.6 58 

Black chuño 
702445 94.6 1.52 9.5 3.1 42 
702443 94.7 1.79 11.2 4.7 54 
702444 95.0 1.30 8.1 4.1 63 

Dry potato 
702445 90.7 1.83 11.4 5.6 68 
702443 92.1 1.86 11.1 6.1 63 
702444 95.3 1.52 9.5 5.7 71 

NoTE : Clone = cntry number of material cultivated in the Germplasm Bank of the 
International Potato Center, Lima, Peru; dry matter - weight of freeze dried sample; 
total nitrogen obtained by micro-Kjeldahl; crude protein = total nitro~en x 6.25; true 
protein = residue of alcohol washing at 80% of total nitrogen; and iological value 
obtained by the Stroptococcus zymogenes microbiological method taking as reference the 
bio!ogical val u e of casein (1 00). 

Table 3. Nutritional value of 1 kg freeze dried sample of products processed from bitter potatoes. 

Amount (g) 
Dry Crude Usableb needed for 

Biological matter protein protein dietary 
value (g) (g) Caloriesa (g) requirements• 

Fresh potato 49 250 79 840 14 1231 3571 
White chuño 56 900 25 3597 14 1502 834 
Black chuño 53 950 90 3797 48 414 791 
Dry potato 67 930 98 3708 66 376 809 

•Obtained by ((yield x % solids x 4) / 100). 
bObtained by ((crude protein x B.V.)/100). 
•Dietary requirements ~ 37 g of protein and 3000 calories. 

though dry potato has the largest protein 
content. 

The processing of potatoes, cheaply and at 
the small farmer and community leve!, is ex­
tremely important in cold tropical regions to 
help relieve the problems of storage, trans­
portation, and marketing, and consequently of 
food supply. The nutritional aspect of these 
products is very important in the cold regions 
of the tropics because the intake of proteins 
and calories must be increased. 

In the processing of white chuño, Iosses of 
7.7-14.7 mg of total glycoalkaloids occur dur­
ing freezing and thawing. During soaking, 

losses of between 14.4 and 22.2 mg gly­
coalkaloids are recorded. 

Table 4 shows the total glycoalkaloids con­
tent in milligrams per 1 00 grams fresh potato 
contained in each of the products processed 
from bitter potatoes. The low content of gly­
coalkaloids in white chuño and dry potato is 
shown. Considering the maximum tolerance for 
human consumption, fresh potato of this 
species cannot be eaten. Even black chuño 
would barely be palatable. On the other hand, 
dry potato is well within the limit of palat­
ability. 

During the processing of black chuño, losses 
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Table 4. Total glycoalkaloid contenta in products 
processed from bitter potato clones. 

702443 702444 702445 

Fresh potato 30.4 34.3 30.0 
White chuño 4.2 4.4 2.5 
Black chuño 18.0 16.5 14.9 
Dry potato 6.0 6.6 6.1 

•Expressed as milligrams of total glycoalkaloids per 
100 g of fresh potato. The maximum tolerance for 
human consumption is 20 mg glycoa lkaloids per 100 g 
fresh potato. 

are produced during freezing and thawing of 
9.2-10.4 mg of glycoalkaloids, and, during 

drying, between 3.3 to 8.3 mg. It is thought 
that this is due to an enzymatic process. Dur­
ing the processing of dry potatoes, losses dur­
ing cooking of the root vary between 23.9 and 
27.7 mg of total glycoalkaloids. 

The processing of chuño requires special 
climatic conditions, such as those found in the 
Andean highlands. However, dry potato can 
be produced in almost any potato producing 
area in the world. It thus has a tremendous 
potential as a source of protein and calories. 
The cheap processing of potatoes is very im­
portant in helping to relieve problems of 
storage, transportation, and marketing and, 
consequently, the problem of food in develop­
ing countries. 

Cassava Utilization in Agro-Industrial Systems 

D. J. McCann1 

Cassava is an ideal crop for use in agro-industrial systems, where agriculture and 
industry combine to achieve the greatest efficiency in utilization. The basic concepts for a 
correctly designed agro-industrial system based on cassava are explained, and those in­
dustrial processes with the greatest poten tia! are discussed. lf research and development on 
both the "agro" and "industrial" fronts can proceed together. tben cassava could be a 
major provider of food, chemicals, and energy within a decade. 

Over the past few years considerable re­
sources have been allocated to research on 
cassava agronomy (at CIAT, liTA, CTCRI, 
etc.). This has resulted in a yield potential of 
40-50 t/ ha even on rather infertile soils with 
limited inputs and without irrigation. Although 
research on cassava utilization has unfortu­
nately lagged behind these agronomic develop­
ments, nonetheless there is every indication that 
cassava could become a major provider of food, 
energy, and chemicals throughout the tropical 
world once these yield potentials are achieved 
in normal farming practice. 

Cassava is the highest known yielder of starch 
and is in the top rank of crop biomass pro­
ducers. However, unlike other high yielding 
crops (such as elephant grass), the major com­
ponent of the biomass is starch, which is far 
easier to chemically process than cellulose. 
Consequently cassava is well-suited as an agro­
industrial crop, that · is, one that is grown 

lDepartment of Chemical Engineering (and 
Energy Research Centre), University of Sydney, 
Sydney, Australia 2006. 

primarily for processing into industrially useful 
products. 

The importance of cassava as an agro-indus­
trial crop has been further enhanced by the 
recent change in the world energy price struc­
ture. All of the chemicals that can be produced 
from cassava starch are currently manufac­
tured from petrocbemicals derived from oil. 
Many of these processes also require large 
amounts of energy, normally provided in the 
form of fossi l fuels; as a result chemical prices 
have risen drastically. Although cassava pro­
cessing also requires significant amounts of 
energy (usually in the form of heat and elec­
tricity), this can be provided from crop resi­
dues. For example, the leafy tops could be 
burned to provide steam or combined with 
tuber waste streams to provide methane by 
anaerobic fermentation. This approach is very 
important, particularly for developing coun­
t ries where there are little or no indigenous 
fossil fuels. 

The processing of cassava by utilizing crop 
residues to provide the energy leads to the con­
cept of an "agro-industrial system." Here there 
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is a close relationship established between in­
dustry and the land with each part of the crop 
being utilized in the most efficient manner. 
Nutrients (NPK) that pass through the pro­
cess unutilized are recycled to the soil, thereby 
reducing fertilizer requirements and over­
coming waste disposal problems. 

Agro-Industrial Processes 
In Fig. 1 sorne possibilities for a cassava 

agro-industrial system are given. Although all 
of these industries could ultimately be inte­
grated in the one area, it ís unlikely that this 
would ever be achieved. Development is most 
likely to occur on an individual basis com­
mencing with the least capital intensive process 
that is economically viable. Many of the pro­
cesses in Fig. 1 could be developed on either a 
medium/ large scale or village scale, the ap­
propriate Ievel depending upon the socioeco­
nomic structure of each country. Sorne of these 
processes are discussed below. 

Leaf Protein 
Cassava Ieaves are rich in protein, B-caro­

tene ( the vitamin A precursor), and vitamins 
B1, B2. and C. The Ieaf and 1eaf stem may con­
tain up to 30% crude protein ( dry weight 
basis) so that a yield of 15% crude protein m ay 
be possible from the fol iage. The amino acid 
spectrum is as good as if not better than soy­
bean meal (Eggum 1970) although deficient 
in methionine and marginal in tryptophan. 

A leaf protein concentrate (LPC) can be 
extracted from cassava tops using equipment 
such as a screw press or a belt press. The belt 
press system developed by Pirie ( 1 971 ) was 
designed to be used at the village level and com­
prises a hammer mili and endless belt unit. The 
hammer mili breaks the tops into a fibrous pulp 
that drops onto the inside of the belt and is 
squeezed over a perforated or grooved cylin­
der. The juice is then coagu1ated by the injec­
tion of Iive steam, which a1so destroys any 
cyanogenic toxicity, and the coagulum is 
filtered. washed, and dried to a 1eaf protein con­
centrate. Differential fractionation into cyto­
plasmic and chloroplastic concentrates is pos­
sible with steam and this is one way of remov­
ing the green colour and "grassy" taste. Further 
treatment of the chloroplastic fraction can re­
move the chlorophyll and nonprotein com­
pounds. 

So far there has been little work done on leaf 

protein extraction from cassava although 
major research programs are underway in the 
general area of leaf protein, for example at 
the University of Reading. The potential for 
using LPC from cassava is so great that a 
major program on extraction, nutrition, pal­
atability, and incorporation into ethnic díets 
should be commenced as soon as possible. 

The fibrous residue from Ieaf protein extrac­
tion will contain unextracted protein as well as 
nonprotein nitrogen, making it suitable as a 
low grade animal feed . Alternatively it could be 
used for particle board manufacture ( Flaws 
and Palmer 1968), burned to provide steam 
for heat and electricity generation, or anaerobi­
cally fermented (together with the coagulum 
filtra te) to methane. The quantity of methane 
would be sufficient to provide all the energy for 
the extraction process and to contribute to 
other processing or village requirements. 

Starch 
Perhaps the greatest potential for cassava as 

an agro-industrial crop líes in the production of 
starch. The cassava starch market has never 
attained its full potential possibly because of 
alternative uses as a subsistence food and 
animal feed ingredient. Starch quality too has 
apparently been highly variable (Phillips 1974) 
so that other starches from maize, potatoes, 
and wheat have been preferred in the past. 
Cassava starch, however, has a much lower 
amylose content ( 1 7% ) than other starches 
giving it characteristics not unlike amylopectin 
starches e.g. waxy maize or waxy sorghum 
( Knight 197 4). lt is in this area that cassava 
starch could make a significan! impact in food 
preparation in western countries. Simple modi­
fication of cassava starch by cross bonding or 
use of corn starch/ cassava blends give rheo­
logical properties that are ideal for use in a 
whole variety of convenience foods. As well, 
cassava starch is ideal for paper sizing, and 
enzyme hydrolysis to glucose and subsequent 
fermentation. Thus substantial inroads could 
be made into, say, the maize starch market, 
particularly if high quality process plants are 
established and the new high yielding varieties 
successfully developed. 

A flowsheet of a high quality starch plant is 
available from the author. This flowsheet also 
contains details on the composition at various 
stages in the process. Although this plant is 
well equipped with machinery it is possible to 
replace much of the "front-end" of the plant 
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with simple labour intensive units without 
affecting starch quality; this would be the ap­
propriate technology for developing countries. 
The tubers are first washed, cut into 1 O cm 
lengths, and peeled by abrasive action under a 
water spray. The precut lengths are then sliced 
into thin sections and disintegrated to a pulp. 
Extraction and refining of the starch is carried 
out in a multi-stage washing process using, pref­
erably, rotating sieve eones and wash water 
containing sulfur dioxide. Finally the starch is 
dewatered in either a centrifuge or vacuum 
filter and dried in a flash drier. 

It was mentioned earlier that a true agro­
industrial system should utilize crop and pro­
cessing residues for energy production. A 
starch factory requires about 75 kW of peak 
electricity power for each tonne/ hour of fresh 
tuber throughput. Assuming an 80% load fac­
tor for motors and a 25% electricity genera­
tion efficiency, this means that about 865 MJ 
of primary fue! is required per tonne of roots 
processed. To this must be added a steam re­
quirement for drying, giving a total primary 
energy requirement of 1625 MJ per tonne of 
fresh roots. Referring now to Fig. 2 one can 
see that for every tonne of fresh roots, 40 kg of 
dry solid is available as peels and 50 kg as pulp 
waste. If these two waste streams are used as a 
raw material feed to an anaerobic digester it is 
possible to produce t tOO MJ of methane gas, 
which is sufficient to pro'.!ide two-thirds of the 
energy requirements for the whole process. The 
remaining one-third can be provided from 
pulped cassava tops or from the fibrous residue 
left after leaf protein extraction. The digester 
is basically a Iarge tank with sufficient volume 
to allow 15 days detention time ( or Jess). 
Methane is collected and stored in a gas hold­
er and used directly to generate steam and 
electricity. T he residue from the digester still 
contains all the nutrients present in the waste 
feed and can be utilized in an aquaculture 
system to provide high protein food in the 
form of algae, fish, and ducks. Waste water 
containing unutilized nutrients is then returned 
to the soil. We currently have underway in the 
Chemical Engineering Department of Sydney 
University a project based on these ideas in 
which we are initially studying the use of cereal 
straw waste and animal excrement. 

As well as providing methane to power the 
whole process, it is possible to produce an ex­
cess by utilizing all of the cassava tops or 
residue from Jeaf protein extraction. Assum-

ing a 2: 3 ratio of tops dry matter to tuber dry 
matter there will be available a further 0.19 t 
of tops (DW) per tonne of fresh tubers, which 
wi!l provide an extra 2200 MJ. This may be 
desirable if methane is required for other uses 
- either domestic, industrial, or agricultura!. 
For example in the growing, harvesting, and 
transport of cassava about 7 % of the farm­
gate crop "energy" is required as input vía the 
farming operations (McCann and Saddler 
1976). This energy, mostly in the form of 
diese! fue! could be replaced by using com­
pressed methane at say, 3000 psig, in cylinders 
mounted on the various machines (tractors, 
harvesters, etc.). Refilling of the cylinders 
could conveniently be made at any time from 
a central storage tank adjacent to the pro­
cessing factory. 

Fermentation Processes 

Fermentation processes based on agricul­
tura! material have been known since the be­
ginning of the century and were at their height 
prior to about 1950. The fermentation of 
molasses to alcohol and corn to acetone, 
butano!, and alcohol were once tbe major 
sources of these importan! industrial chemi­
cals. However, with the development of a 
petrochemical industry based on cheap oil 
these processes soon fell into obsolescence. lt 
has taken the recent increase in oil prices to re­
verse this trend and once a cheap source of 
starch is made available, these processes can 
compete economically with the curren! pro­
duction methods. Unfortunately developments 
in fermentation technology have tended to 
lapse in the period since 1950 and it is only in 
recent years that substantial improvements 
have occurred, largely as a result of the new 
continuous single cell protein processes from 
oil. These new developments applied to cassava 
fermentation, combined with high yields, could 
Iead us very quickly into a viable cassava 
chemical industry. 

Ethyl Alcohol 
Cassava starch can be readily converted to 

ethyl alcohol in a two stage process. First the 
starch slurry ( unrefined) is hydrolyzed to 
glucose either by an enzyme or acid process, or 
a mixture of both. The glucose solution is then 
diluted to about 10-18 % concentration and 
converted to ethyl a lcohol by the anaerobic 
action of yeast (Saccharomyces cerevisiae). 
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Purification of the a lcohol is then accomplished 
by distillation to yield either industrial alcohol 
(95% ) or absolute alcohol, which may be used 
as a solvent or fue! substitute. 

Currently, alcohol fe rmentations are carried 
out mainly from molasses using batch fermen­
tation equipment. This usually consists of a 
number o f large fermentation tanks where the 
sugar solution is held at about 32 ·e for 30-40 
h. While this approach is well suited to small 
scale alcohol production, considerable im­
provements can be made in medium to large 
scale production by using continuous fermen­
tation technology. A particula rly attractive 
fermenter, which has not yet bcen applied to 
industrial alcohol manufacture, is the tower 
fermenter currently used in sorne brewing pro­
cesses (Greenshields and Smith 1971 ) . This 
consists of a vertical tube in which flocculating 
yeasts are maintained in a stationary posit ion 
by the upward flow of fermenting medium. 
The adaptation of th is equipment to alcohol 
fermentation would result in a residence time 
of only 5-10 h and a much smaller, cheaper, 
and more compact item of equipment. In fact, 
in studies carried out in Australia (McCann 
and Saddler 1974) it was estimated that the 
cost of production of ethyl alcohol using tower 
fermenters would be $A21 5/ t (including 25 % 
return on capital). This compares with an a l­
cohol from petroleum price of $A275/t . lf cas­
sava yields could be further inc reased to 80-90 
t/ha costs would decrease to $A 175/ t or 
$A5.9/ GJ . Under these conditions cassava 
could be the basis of a whole new series of 
ethyl alcohol based industries in which even 
ethylene and its downstream derivat ives could 
be produccd. Thus there is considerable in­
centive for the development of a new con­
tinuous tower fermenter process based on cas­
sava. 

Butano! and Acetone 
The butanol/acetone fermenrarion of srarch 

dates back to before World War J. Initially 
acetone was the main product , but with the 
development of nitrocellulose lacquers, butano! 
eventually became the main product. Clos­
tridium acetobuty/icum is the organism used 
and it is capable of producing a 30% yield ( on 
dry weight starch ) of mixed solvcnt containing 
butano!, acetone, and ethyl alcohol in the ratio 
6:3 : l. Distillation then yields the pure solvents. 
With current world market prices of $US400, 
$US320, and $US300, respectively, a process 

bascd on cassava seems very attractive. Very 
little research was ever carried out on butano! 
fermentation of cassava so that there is con­
siderable basic experimental work to be done. 
T hc successful dcvelopment of a continuous 
culture process would be a distinct break­
through for medium to large processes and 
could rcsult in a very simple plan!, particularly 
as Clostridium acetobutylicum has its own 
amylasc and hence can act directly on the 
starch . 

As well as the mixed solvents, the fermenta­
tion also converts 45% of the starch into a gas 
containing 60 % carbon dioxide and 40% 
hydrogen. This by-product gas could be puri­
fied to either carbon dioxide or hydrogen ( for 
use in the hydrogen economy?) or converted ro 
methanol by passing the gases over a sui table 
catalyst. Hence the "butano! fermentation" is a 
very powerful process producing a variety of 
products capable of use as direct energy sup­
pli ers or industrial chemicals. 

Sugars 
G lucose sugar ( dextrose) can be produced 

from cassava starch by hydrolysis. Currently 
most of the glucose produced is made from 
corn or wheat starch, but if high yields of cas­
sava bccome available, cassava starch could 
be an importan! raw material, since thc pre­
fcrred source is largcly a mattcr of economics. 

Jt is, however, slightly easier to hydrolyze cas­
sava starch because of the low protein content. 
Liqucfaction of the starch slurry is first carried 
out at a temperature of 90-1 00 ·e using a bac­
teria! amylasc; saccharification by an amylo­
glucosidase at a temperature of 60 ·e then 
takcs place. Acid can also be used for the 
hydrolysis, but is less desirablc because of the 
introduction of unwanted ions that tend to 
contaminate the process solut ion and must be 
removed before crystallization. Finally the 
syrup is cleansed by an ion exchange column, 
concentrated by evaporation, and crystallized. 

G lucose is used primari ly by the food indus­
try as a metabolic energy source and sweetener. 
It is, however, only 70% as sweet as sucrose 
so is not always ideal as a "sugar" substitute. 
This has prompted research into ways of turn­
ing glucose into a glucose/ fructose mixture, 
which could compete directly with sucrose. 
Such a process is now successful commercially 
(Aschengreen 1975) and uses an immobilized 
invertase enzyme that isomerizes about 50% of 
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the glucose to fructose. This process has re­
cently been applied to the corn industry in the 
USA and has received a substantial boost from 
the recent world shortage of sugar and result­
ing high prices. The process would be equally 
successful with cassava. 

Single Cell Profein 
One of the problems with cassava when used 

as a human food is its low protein content (1 -
2% crude protein). Jf used as a staple food , 
protein deficient diseases such as kwashiorkor 
can result. One way of increasing the protein 
content is to partially ferment the tuber mash 
using yeasts or fungi , as in "gari" fermenta­
tion. This is probably the simplest and cheap­
est way of increasing protein content in de­
veloping countries. 

Another approach is being examined at 
Sydney University (MacLennan 1975) where­
by yeast is grown on hydrolyzed starch and 
harvested as a concentrated source of protein 
(45- 55 % ) . H owever, yeast contains about 5-
8% nuclcic acid, and since the daily allowable 
maximum is 2 g/ da y, o nly about 15 g/ da y of 
crude protein can be supplied by direct con­
sumption of yeast. Thus if FAO recommended 
levels are to be provided from yeast alone, ex­
traction of the protein and purification into a 
concentrate is required. Jf such a concentrate 
could be incorporated into various ethnic 
dishes, cassava could become a major provider 
of carbohydrate and protein. 

1 have in this paper attempted to indicate 
sorne of the arcas of cassava utilization that 
could have a big impact in the foreseeable 
future, and to describe a methodology for 
efficient agro-industrial use. Jf cassava is to be­
come a major world crop for the production o f 
food, energy. and industrial chemicals, research 
into utilization needs to be substantially in­
creased. Arcas in which valuable contributions 

could be made are: ( 1 ) leaf protein caneen­
trate; (2) residue utilization; and (3) fermen­
tation studies. If substantial research programs 
could be established in these three arcas then 
both agricultura! and industrial developments 
would proceed apace, hopefully resulting in the 
establishment of a major new world industry 
within a decade. 
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The Allocative Efficiency of Fijian Root Crop Producers 

S. Chandra andA. J. De Boer1 

The allocative efficiency of tbe Fijian root crop producers in tbe Sigatoka Valley, 
Fiji, is measured using estimated elasticities of production and marginal value products of 
the four production factors- land, labour, capital, and current expense. The root crop 

' Department of Agriculture, Fjji, and Department of Agriculture, University of Queensland, St 
Lucia, Queens1and 4067, Australia, respectively. 
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production model is based on the Cobb-Douglas type of production function in which 
zero-one dummy variables were also incorporated to measure the environmental effects 
of region and soils and time effects on farm gross output. lt was found that the most 
efficient root crop producers are those farming the light-textured soils in the lower Sigatoka 
Valley and the most importan! production factors are labour and capital. Recommenda­
tions are made on the optimum levels of resource use under various conditions of limited 
capital and fixed availability of land or labour. 

The purpose of this paper is to present re­
sults on the efficiency with which the Fijian 
farmers in the Sigatoka Yalley, Fiji, allocate 
their farm resources such as land, la bour, capi­
tal, and current expenses to produce cassava, 
sweet potatoes, taro, yams, and Irish potatoes. 
T he efficiency with which the Fijian root crop 
farmers use their resources is then compared 
with that of the Indian farmers who grow 
mainly other crops in the same ecological zone. 
For the purposes of this paper a llocative 
efficiency is defined as the efficiency with which 
the above listed farm inputs a re combined to 
produce output, which is the gross value of the 
crops. In an earlier study both economic and 
biological measures were used for an analysis 
of crop production systems in a Fijian village 
and on an Indian settlement in the same eco­
logical environment (ehandra et al. 1974). 

Research Methods 
Two-year farm management data, covering 

the period Novembcr 1970 to October 1972, 
from the Sigatoka Yalley, Fiji, were utilized 
for this study. When the study sta rted in the 
fi rst year there were 26 Fijian farms from five 
villages and 38 Indian farms from eight settle­
ments throughout the Sigatoka Yalley. In the 
second year, data from two Fijian farms and 
three Indian farms in one locality were not col­
lected because of a dispute between the Fijian 
landholding unit, the mataqali, and the ten­
ants, which severely disrupted the economy of 
these farms. 

In the production functions, the input-output 
data for each farm are treated as an observa­
tion as has been done in many other studies 
(Massell and Johnson 1968; Yotopoulos 
1968). The observations for the 2 years were 
pooled so as to derive aggregate production 
functions for F ijian and lndian farms. 

A Model of Production 
The use of land, labour, capital, and current 

expenses on a farm can be related to the value 
of the crops produced on that farm. The func-

tion chosen to describe this input-output rela­
tionship is the eobb-Douglas type of produc­
t ion function which, for this study, can be 
written in logs ( to the base e) as: 

In Y ; = lnK¡ + a 1 lnA¡ + a2 lnL¡ + 
a 3 1nC¡ + a 4 lnE¡ +U¡ 

where: Y = gross output of farm j (value of 
all crops based on farmgate prices); K = a 
constant ; A = land (farm size, ha); L = labour 
(manhours); e = capital (capital service ftow 
deflated by crop-time ratio, that is the actual 
time a crop occupied the ground); E = cur­
rent expenses ( cash costs); a 1 • • • an = 
clasticity of production of each of the above 
factors; and U¡ = the random error term. 

The eobb-Douglas type of production func­
tion was chosen instead of other t ypes of pro­
duct ion functions partly because of the ease of 
computation this function involves and partly 
because the regression coefficients of real 
variables are also the elasticities of production. 
The elasticities of production are used to estí­
mate the marginal value products of the pro­
duction factors, which are the importan! 
paramcters for the test of allocative efficiency 
on the farms. The eobb-Douglas type of pro­
duction function is linear in Jogs and therefore 
to fit the function to the data in the least­
squares regression analysis requires log trans­
formations of all real variables. 

Zero-One Dummy Variables 

Zero-one dummy variables were also incor­
porated in the regress ion equations to sort out 
thc effects of environment, such as region and 
so ils, and the year effect on farm gross output. 
Three regions, the lower, middle and upper 
valley, were distinguished. Also three soil 
groups, A, B, and e, were distinguished on 
the basis of t exture, water retaining capacity, 
and general fertility, which together represen! 
the suitability of a soil for growing crops. Soil 
e is predominantly sandy loam, whereas soil 8 
is mostly clay. All the soils are of the Sigatoka 
Series, which is comprised of the ftood plains 
of the Sigatoka River. 
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Table l. Estimated marginal value products ($) for Fijian and lndian farms. 

Fijian 

Equations A B e 

Land (ha) 36.00 30.85 14.14 
Labour (manhour) 0.286 0.272 0.327 
Capital($) 4.61 5.02 4.87 
Expense($) 1.92 2.04 2.11 
Year 145.98 
Lower Valley 100.10 
Middle VaUey - 29.44 
Soil A 
Soil B 

The production model with the inclusion of 
dummy variables can be written as: 

In Y¡= JnK¡ + a 1 1 nA¡ + a 2 InL¡ + 
a 3 lnC¡ + a 4 InE¡ + a 5R 1¡ + a 6R2¡ + 

a 7Su + a8S~¡ + a 9 T¡ + U¡ 
where R 1 and R 2 = dummy variables for the 
lower and middle valley; S 1 and S2 = dummy 
variables for soil A and soil B; T = dummy 
variable for year ; and where all other symbols 
are defined as above. 

Separate regression runs were made with 
each dummy variable set so as to compare 
their etfect on each production factor. 

Marginal Value Products and Optimum 
Resource Allocation 

The elasticities of production were used to 
calculate the marginal value products of each 
factor of production. The marginal value prod­
uct of an input factor is the value added to the 
gross output by the addition of one more unit 
of that factor. Margina l value products of 
variables a re calculated at the geometric means 
and a deta iled review of the procedure fol­
lowed, for both dummy and non-dummy 
variables, is presented in Massell and Johnson 
(1968). 

The concept of optimum resource allocation 
is based on the ratio between marginal value 
product (MVP ) and marginal cost (MC) of 
the factor of production. lf (MVP/ MC) is 
greater than 1, then the use of that resource 
should be expanded because the cost to the 
farmer o f one unit of that resource is Jess than 
what he gains from its use. If (MVP/ MC) is 
less than 1, then the use of that resource should 
be decreased because the cost to the farmer of 
one unit of that resource is greater than what 
he gains from its use. 

lndian 

D A B e D 

62.48 159.21 153.34 173.72 158.87 
0.298 0.083 0.165 0.076 0.084 
5.34 5.14 5.26 5.07 5.17 
1.37 2.96 2.56 2.83 2.96 

124.88 
- 143.46 

- 36.78 
- 100.59 - 8.52 
- 128.28 -5.52 

However, such an expansion and reduction 
in resource use can only be performed by a 
farmer to the ceiling at which that resource is 
available. For example, a farm family has fixed 
capita l resources or available Jabour for farm 
use. Hence optimum resource allocation on 
farms can only be discussed in the context of 
fixed maximum resource Jevels. Any realloca­
tion of resources can only be done within such 
constraints. In the Cobb-Douglas type of pro­
duction function a lim ited capital assumption 
implies that the capital should be allocated 
among the production factors on the basis of 
the ratios of the respective elasticities of pro­
duction and such a procedure was followed in 
this study. In the absence of a developed land 
market, the value of land was derived by sub­
traction after the other production factors, 
which a re based on the leve) of resource use 
per hectare of land, had been valued. The 
market price of land is the average Jand rent 
paid on the Fijian and Indian farms. The 
marginal cost of 1 hour of labour has been 
taken as $0. 1875; that of capital and expense 
is of course $1.00. 

Results 
The estimated marginal value products cal­

culated from the elasticities of production are 
given in Table l. Table 2 shows the optimum 
resource a llocation with limited capital on 
Fijian farms, holding various resources at fixed 
Jevels. 

Discussion 
On the Fijian farms, which are mostly en­

gaged in the production of cassava, sweet po­
tatoes, taro, yarns, and Irish potatoes, the 
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Table 2. Optimum resource allocation, Fijian farms. 

(4) (5) 
(2} (3) Optimum resource Optimum resource 

(1) Ratio of Optimum resource allocation with allocation wi th 
Sample mean marginal value allocation with limited capital and limited capital 

level ha- • product to limited capital land area fixed and labour fixed 
($) marginal cost 

Land 172 7.18 
Labour 59 1.53 
Capital 19 4.61 
Expense 29 1.92 
Total 279 

factors of production, in decreasing arder of 
importance were labour, capital , expense, and 
land. On the Indian farms, where very few 
root crops are grown ( mostly I rish pota toes), 
the arder of importance of the production 
elasticities in all the equations was Iand, capi­
tal, expense, and labour. 

The Fijian root crop production system re­
líes heavily on labour input and to a Jesser ex­
tent on capital inputs, whereas the Indian farm­
ing system makes more use of land and capital. 
The relative unimportance of land input in the 
Fijian farming system refiects thc high biologi­
cal yields of the root crops -that is, large 
amounts of food can be produced per unit arca 
of land. However, root crops demand large 
labour inputs per unit of output and hence the 
importance of labour in the production system. 
Root crops are also labour demanding because 
thc agronomy of these crops, especially in the 
preparation of planting material and in the 
harvesting task, relies wholly on hand labour. 
In the lndian farming system, larger land in­
puts are required because most of the crops 
grown, which include rice and pulses, have 
relatively low yields and hence larger acreages 
are required to produce the same amount of 
food. The Indians make better use of capital 
items not only because they h ave more capital 
investment but also because the crops they 
grow permit the use of such itcms. This is one 
reason for the low dependence on labour in­
puts on the lndian farms because of sorne sub­
stitution possibilities of labour by capital. The 
Iow importance of cash expenses in the Fijian 
production system refiects the abundance of 
root crop planting material usually present on 
the farms. These materials have no direct cash 
value. Only Irish patato seeds have to be pur­
chased annually. 

($) (S) ($) 

44 172 56 
106 48 59 
90 41 115 
39 18 49 

279 279 279 

The only significan! dummy elasticity of 
production in both farming systems was the 
year effcct on the Fijian farms. This was mainly 
caused by the 57% higher price of cassava in 
the sccond year compared to the first year. 
Such a large price rise was mainly brought 
about by in increased demand for cassava, 
especially by the urban Fijians, and marked 
the early stages of the spiralling food price rise 
in the prescnt infiationary period in Fiji. 

The inclusion of the dummy variables im­
proved the explained variance of the Fijian 
farms by 1-4%, but madc very little difference 
to the Indian farms. The explained variance on 
the Fijian farms was usually about 6 % lower 
than that on the Indian farms. 

Estimated Marginal Value Products 

The estimated marginal value product of a 
hectare of land on Fijian farms is about 22 % 
of that of the lndian farms. This reficcts the 
rclatively low gross revenue per hectare of the 
traditional root crops such as cassava and 
sweet potatoes produced by the Fijians. 

Thc estimated marginal value product of a 
manhour of labour for Fijians is nearly 300% 
higher than that of the lndians and 58 % higher 
than the marginal cost of labour. One of the 
rcasons for this could be that the high biologi­
cal yields of the root crops do not induce the 
Fijian farmers to put more labour into farm­
work once the subsistence food requirements 
of the family have been satisfied. Because little 
of the traditional root crops is commercially 
marketed at present there is no great incentive 
for surplus production. Another reason could 
be the higher leisure preferences of the Fijians 
and this in part would be related to the com­
munal nature of their living patterns and a so­
cial obligation to perform non-farm village 
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work. In all equations the ratio of (MVP/MC) 
of labour on Fijian farms is greater than 1 im­
plying that the Fijians could successfully utilize 
more labour in the production process. The 
converse is true of the Indians, in all equations, 
who could reduce their labour inputs. 

Both Fijians and Indians could economically 
increase their capital and current expense in­
puts because the returns are substantially more 
than the cost in all equations. Commercial pro­
duction of root crops on a larger scale, which 
will be feasible in the near future given the 
present growth of demand for traditional food 
crops in the urban areas, should induce farmers 
to invest more in capital items and equipment. 

The estimated marginal vaJue products of 
year, regions, and soils reflect the relative dif­
ference in the average farm gross output asso­
ciated with each dummy set and the net of all 
other observed inputs. On the average Fijian 
farm, for example, $145.98 more gross output 
was obtained in the second year than the first, 
and as previously stated, this was mainly 
caused by a substantial rise in cassava price in 
the second year. The best region for attaining 
the highest gross output from root crop pro­
duction is the lower Sigatoka Valley where the 
average farmer obtained $100.1 O more than 
the upper valley farmer; the worst region is 
the middle valley where the average farmer 
obtained $29.44 less gross output. Because of 
their bulkiness, root crops incur high freight 
costs when transported to the urban markets of 
Sigatoka, Suva, Lautoka, and Nadi. The most 
suitable region for attaining the highest gross 
output would be the point nearest to such 
markets and this is the lower val!ey. The upper 
valley is the second most suitable region since 
here lrish potatoes grow best because of cooler 
winter night temperatures. The high price ob­
tained for this crop outweighs sorne of the dis­
advantages of high freight costs. The best soil 
for root crop production is soil C; the worst soil 
B. It seems feasible that root crop production is 
highest on the light textured soi Is ( soil C) and 
lowest on clay soils (soil B). 

On the average lndian farm, $124.88 more 
gross output was obtained in the second year 
compared to the first. The best region for crop 
production is the upper valley; the worst is the 
lower valley. Almost all Irish potatoes pro­
duced by the lndians are grown in the upper 
valley. The cooler winter night temperatures of 
the upper valley are also suitable for the pro­
duction of 'twist' tobacco, which is another 

important high value crop grown in this region. 
The soils do not greatly influence the gross out­
put on Jndian farms partly because the Indians 
grow a wider range of crops and partly beca use 
the higher capital investment on Indian farms 
means they are more tcchnologically advanced 
to overcome the limitation of the soils for 
cropping. 

Optimum Resource Allocation 
For Fijian farms, on the basis of equating the 

marginal value product and the marginal cost 
of the resources (column 2 in Table 2), the policy 
recommendation to attain efficient resource 
allocation to the root crop producers would be 
to increase the leve! of use of all four re­
sources. Major improvements in farm gross 
output would be obtained by the use of more 
land and capital resources. Under the condi­
tions of Iimited capital, which is a situation 
most likely to be met in the farming com­
munity, the policy recommendation would be 
to increase substantially the Iabour, capital, 
and expense inputs and decrease land input. 
However, if the Iand area cannot be altered in 
the short term then the recommendation to 
the farmer would be to increase capital inputs 
and decrease labour and expense inputs. In the 
final case, where the availability of farm labour 
is fixed, the recommendation would be to in­
crease capital and expense inputs and decrease 
Iand input. 

Conclusions 
This study has shown that the Fijian root 

crop producers can make sorne gains in farm 
gross output by reallocating existing resources 
at optimum levels. At present the production 
elasticities in their order of importance are 
labour, capital, current expense, and land. The 
best root crop producers in terms of allocative 
efficiency are the ones farming the light­
textured soils of the lower Sigatoka Valley. 

Greater production of root crops for sale to 
urban markets in the future will require re­
adjustments in resource use at the farm leve!. 
The achievement of allocative efficiency in the 
root crop production system would be the 
fundamental goal of the farmers and agricul­
tura) administrators once more and more crops 
are marketed for cash sale. This is because the 
root crops offer the best possibility to meet tbe 
demands for Iow-priced food crops from the 
urban poor. 
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The Importance of Cassava Processing in the Economy 
ofColombia 

Hugo Valdes Sanchez1 

A large number of countries, including Colombia, can never hope to be self-sufficient 
in certain cereals sucb as wbeat, and tbus it is vital to expand production of otber crops 
that are known to grow well. Cassava ftour is an adequate substitute for wheat ftour.Thus, 
asan investment against a future world shortage of wheat, the production of cassava should 
be expanded in order to ensure an adequate quantity of raw material to support processing 
industries. 

In terms of volume, the most important 
crops that are being produced on a world wide 
basis are: wheat, rice, potatoes, maize, barley, 
millets-sorghum, sugar, and cassava. Unlike 
sorne of these crops, cassava is easy to grow, is 
not affected by disease to any great extent, and 
gives comparatively large yields. Because of 
the importance of this crop in the economies of 
the developing countries, a great deal of re­
search has been undertaken with a view to im­
proving the yield and utilization of this crop 
both as a fresh and processed product. 

Cassava is an importan! crop in the economy 
of Colombia. The national yields from 1970 to 
1975 have averaged 8-9.3 t/ha. These yields 
are low, and considering that sorne areas in 
Colombia yield 25- 30 t / ha, it is clear that 
certain areas are producing at a leve! con­
siderably lower than the national average. 

During the past few years, investigations 
have been carried out to find a partial substitu­
tion for wheat by processing flour from such 
products as cassava, rice, and maize. This has 
met with sorne degree of success. Partial sub­
stitution of wheat flour by 10% cassava flour 
has been achieved in Brazil and this has been 
readily accepted by the market. This has re­
sulted in a considerable saving in foreign ex­
change by reducing the quantity of wheat that 

lFederación Nacional de Cafeteros de Colom­
bia, Programa de Desarrollo y Diversificación de 
Zonas Cafeteras, Apartado Aéreo 30244, Bogotá, 
Colombia. 

must be imported. 
As substantial quantities of wheat are im­

ported into Colombia, the question of estab­
lishing an industry for the production of flour 
from alternative crops is a matter that should 
be given a high degree of priority, both from 
the point of vicw of saving foreign exchange 
and as an investment against a future world 
food crisis. 

If the future leve! of imports of wheat into 
Colombia is taken at 400 000 t/ year with a 
fl.our extraction factor of 75%, the volume of 
flour would amount to 300 000 t. If 10% cas­
sava fl.our was used only 270 000 t of imported 
flour would be required, which in terms of im­
ported wheat would amount to 360 000 t, 
which represents a reduction of 40 000 t. The 
average cost of wheat imports in 1975 was at 
the rate of US$ 153.40/ t. Current prices are 
well in excess of US$ 200/ t with a possibility 
that they will increase still further. A reduc­
tion of 40 000 t in imports based on a price of 
US$ 200/ t would save foreign exchange to the 
extent of US$ 8 million, which at the present 
rate of exchange (US$ l = 34.545 Colombian 
pesos) would amount to over C$ 276 million. 

Necessity to Increase Production 

A world food crisis emerged in 1972 when 
production of cereals declined by over 30 mil­
lion tons. This occurred at a time when an in­
crease of sorne 25 million tons was needed to 
meet the requirements of an expanding world 
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population. This crisis was more serious in the 
developing countri~s than in t~e develop~d 
countries due to a hrgher populat10n growth m 
the former. 

The effect of this crisis was that less food 
could be given as aid to the developing coun­
tries, and a rapid increase in world prices of 
cereals to levels that many countries could not 
afford. Although prices subsequently declined 
to more realistic Ievels, they would again show 
an upward trend if there were to be a crop 
failure, or even a partia l crop failure, in any 
one of the major producing arcas in the world. 
There is evidence that this could possibly occur 
in the near future. 

It is vital for countries such as Colombia to 
make the utmost utilization of their own sup­
plies of basic food crops, to make available_ as 
much food as possible to feed an expandmg 
population, and to reduce the quantities of im­
ported food, particularly as prices of cereals 
are again showing an upward tendency. 

The population in Colombia has i~c~eas~d 
from 21.1 million in 1970 to 24.5 mrlhon m 
l975. 

The present increase is at the rate of 2.9% 
per annum and if this is maintain~d the popu­
lation will double by the end of thrs century. 

FAO/UNDP Mission to Colombia 
At the request of the Government of Colom­

bia a FAO/ UNDP mission visited Colombia 
in Í 967 to define a suitable pilot project for the 
production, processing, and utilization of com­
posite flour made from locally produced raw 
materials. A technica\ and economic survey 
was undertaken on cassava and the mission's 
report included the following main recom­
mendations : 

( 1) The Government should initiate a study 
on the feasibility of producing baked products 
made from Iocally produced raw materials, the 
testing of these products, and the ~etermina­
tion of their acceptance to the pubhc. 

(2) Based upon the results of this study, a 
detailed cost-structure analysis should be 
made. The Government should redefine its 
policies on cassava and soya production and 
processing, and commercial bakeries should be 
provided with sufficient quantities of compos­
ite flours of standard quality characteristics at 
a price competitive with wheat flour. 

A feasibility study was duly undertaken and 
a detailed cost-structure analysis was made. 

This revea\ed that the production of ftour from 
cassava could be an economical operation. 

Market Factors 
Fresh cassava is a staple itero of diet in 

Colombia, and normally the highest . price 
would be obtained for the fresh product m ~he 
urban markets. The nearer the productron 
areas a re to the main centres of consumption, 
the Iess Iikely they would be to h~ve ~ pro­
cessing industry that could be supphed wtth an 
adequate and regular supply of _raw mater_ia\ ~t 
reasonable prices. A farmer's tdea ?f pnce ts 
the highest price he has ever recetv~d. for a 
specific product in the past. However, rt _rs pos­
sible to convince farmers of the financta l ad­
vantages of selling substantia l quantities of 
produce for processing at prices Iower than 
those to which they have been accustomed, 
particularly if advice and a~sistance ca~ be 
given to enable them to obtatn greater yrelds 
from the samc arca of land. 

There is always an element of risk in ensur­
ing that processing indust.ries ca~ be made e~o­
nomically viable, and thts parttcul~rly apph~s 
when the raw material is highly penshable as ts 
the case with cassava. One of the risks, and 
perhaps the main one, _is to ensure that _there 
will be adequate supphes of raw matenal to 
keep a plant in full production. 

However, particularly with highly perisha~le 
crops, farmers are sometimes reluctant to m­
crease their production unless they know that 
there will be an assured market outlet at eco­
nomic prices for the entire quantity harvested. 
Therefore, plans for introducing processing in­
dustries may not be put into effect due to the 
unavailability of an adequate supply of raw 
material. Consequently, if these factors are 
accepted, no progress can be made in either 
direction. It is considered that if a small model 
plant was established in one of the main cas­
sava producing arcas it would have the effect 
of increasing production to a leve! that would 
support a processing industry in addition to 
supplying market requirements for the fresh 
product. lf the economic viabi lity of such a 
pilot plant could be clearly demonstrated, 
others would be quick to respond and further 
plants might well be established in other arcas. 

Pilot Plant 
Plans have now reached an advanced stage 

for the installation of a pilot plant in Quindio 
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for the purpose of processing cassava. The 
capital cost (Colombian pesos) of this plant 
is: Iand 50 000; buildings 660 000; local 
equipment 1 318 600; imported equipment 
1 100 000; labour costs 350 000; and cost of 
installation 300 000. The cost of this project 
(3 778 600 pesos) is being financed as follows: 
Comité de Cafeteros del Quindio 10%; Fe­
deracafé-Prodesarrollo 10% ; Productos Ramo 
4%; and Agricultores del Quindio 76% . 

The plant wi ll be capable of processing 1 O t 
of cassava in an 8 h working day and this will 
produce 3060 kg of flour and 340 kg of starch. 
It will employ 14 people of which four will be 
responsible for general administration and 1 O 
for processing operations. As well, it will pro­
vide indirect employment for a further 40 
people. It will be situated in the Armenia area, 
which is a main centre for cassava production, 
and where yields are the highest in the country 
at 25-30 t/ ha. This compares with a national 
average in 1975 of 9.3 t/ ha. 

On the basis of 200 operating days per an­
num this would amount to about 600 t of flour. 
It is intended that this should be a pilot plant. 
When the results of its operatíon are assessed, 
consideration can be given as to whether 
further plants of a similar capacity should be 
installed. To produce 30 000 t of cassava flour 
annually would require a total of 50 similar 
plants, each of which would save approxi­
mately US$ 120 000 annually in foreign ex­
change based on a price of US$ 200/ t for 
wheat. This would provide direct employment 
for 700 people and indirect employment for a 
further 2000. 

Alternatively, with a view to reducing the 
number of plants required, consideration 
could be given to working two shifts of 8 h 

cach per da y. This possibility will be given con­
sideration when the pilot plant j s in produc­
tion. This would reduce the amount of capital 
required in installing new plants, but it would 
be necessary to take into consideration the 
higher costs of wages for persons working un­
social hours. 

The pilot plant or plants could be expanded 
at the appropriatc time if this were justified by 
an increase in production of the raw material. 
At a Iater stage consideration cou]d also be 
given to processing other products such as cas­
sava chips, pellcts, mea!, etc. 

Experiments have already been undertaken 
on the production of frozen cassava. This was 
succcssful as the product was of a high quality 
with a good appearance. lt was readily ac­
cepted by the supermarkets in Bogota, and 
requests have been received for further sup­
plies. 

Benefits of Cassava Processing 
Industries 

The benefits to be obtained from establishing 
cassava processing industries are considerable 
and are summarized as follows: ( 1) farmers 
would be encouraged to expand production of 
cassava as they would have an assured market 
at stable prices; (2) Colombia would be Iess 
dependent upon imports of wheat with a con­
sequential saving in foreign exchange; (3) it 
would be an investment against a world food 
shortage such as occurred in 1972; and ( 4) 
work would be created in areas where there is a 
h igh rate of unemployment, and thus it would 
assist in decreasing the flow of workers from 
the agricultura! areas into the large cities. 

A Profile of Thai Cassava Production Practices 

Trumao P. Phillips1 

This paper presents sorne preliminary results of an agroeconomic survey of Thai 
cassava producers. The study is part of a larger international network of studies com­
pleted or underway in Colombia, Nigeria, and Brazil. All studies have as a common theme 
the analysis of the economic and agronomic relationships related to cassava production. 
However, owing to country differences. specific objectives are specified for each study. The 
objectives of this part of the Thai survey are: ( 1) the prediction of total cassava production 
and acreage in Thailand for 1974 and 1975; (2) the identification of major sets of produc-

1School of Agricultura! Economics, University of Guelph, Guelph, Canada. 
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tion practices; and (3) the identification of factors encouraging or discouraging the use 
of certain technologies. 

The data for this paper were extracted from two questionnaires. The first related to 
acreage and production (2153 farmers), the second to specific production and marketing 
practices (50 1 farmers). 

Thailand, the leading exporter of cassava 
products, ditfers from most, if not all, other 
cassava producing countries because it exports 
over 90% of total production. In spite of this 
marketing ditference, the indications are that 
production practices are similar to those of 
other countries. The similarities are deceiving, 
however, because Thailand has succeeded in 
developing an export market while other coun­
tries have failed. 

Preliminary analysis suggests that in 1974, 
445 003 ha (2 781 271 rai) of cassava were 
planted by 137 087 farmers ( approximately 
90% of total cassava area); whereas in 197 5, 
541 711 ha were planted by 165 286 farmers. 
Because individual farm plantings are rela­
tively constant ( 3.3 ha) , the major expansion 
has been brought about by new entrants into 
the industry (27% increase between 1974 and 
1975) . Not surprisingly, the growth of new en­
trants (and hence expanded acreage) was 
Jower in the three more importan! changwats 
(Chonburi, Rayong, and Nakhonrachsima) 
than in the "newer" less importan! producing 
regions (7% increase in the number of farmers 
versus 40 % ). The average size of cassava 
planting in the three main producing chang­
wats (big three) is more than double that of 
other changwats ( 4.3 ha versus 2.0 ha) al­
though the average farm size is approximately 
equal for both groups ( 6.8 ha). Accordingly, 
cassava is the principal crop in the three major 
producing changwats (65 % of total farm 
acreage), while it is a relatively minor crop in 
the other changwats (27 % of farm acreage). 

The timing of planting also differs between 
specializing and nonspecializing areas. In 
Chonburi, Rayong, and Nakhonrachsima, 
plantiog is evenly spread out over the year with 
a slight peak occurring in May and June. In the 
other changwats more than 50% of planting 
occurs in April and May. 

The above cursory examination of the data 
provides sorne insight into the possible evolu­
tion of Thai cassava production. Expansion, 
certainly between 1974 and 1975, occurred 
through an increase in the number of farmers 
producing cassava. However, this form of ex­
pansion is finite owing to both the availability 

of lands suitable to cassava production and 
the introduction of legislation to restrict cas­
sava acreage (this is possible if recent Govern­
ment policies aimed at limiting the spread of 
cassava production are successfull y imple­
mented). Thus, future expansion may have to 
take place on existing cassava producing farms. 
The greatest potential for expansion exists in 
the newer areas that do not now specialize in 
cassava. If farmers there were to expand their 
cassava acreage to 65 % of total farm acreage 
( thc leve! achieved in the older producing 
are as), total cassava acreage could in crease by 
1 16 000 ha or 26% . Expansion above this 
amount would have to come through produc­
tivity increases. A question of interest then be­
comes: Are the means of increasi.ng cassava 
yield readily available in Thailand? Alter­
nately, is there currently a set of production 
practices that is superior, and that can be ex­
tended to other regions? 

A Profile of Production Practices 
The following analysis is based primarily on 

the results of the second questionnaire. Distri­
bution of yields for the kingdom, specializing, 
and nonspecializing changwats are shown in 
Table l . The indications are that the areas not 
specializing in cassava tend to have slightly 
fewer farms with low yields ( arbitrarily defined 
as less than 9.4 t/ ha) than did the specializing 
regions. ( Analysis of yield data based on 
farmers' expectations suggests that the special­
izing areas expect to have fewer farms with low 
yield than the nonspecializing areas. A fuller 
analysis of farmers' expectations will be con­
ducted ata later date.) These slight differences 
of cassava yield between areas obviously de­
pend on numerous endogenous (farmer con­
trolled) and exogenous ( not farmer con­
trolled) factors. Of the Iatter, the most im­
portan! are inherent soil capacity, weather, 
disease, and insect problems. Of the former, 
the most important are varieties, purchased 
inputs, and labour utilization. 

Exogeoous Factors 
Owing to resource (financia! and personnel) 
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Table l . Distribution of yields. 

Yield leve! 
e( of farmers 

(t/ ha) Big three Other Kingdom 

0- 9.4 35.7 31.1 33.2 
9.4- 12.5 20.6 23.1 21.9 
12.5- 15.6 21.4 14.0 17.4 
15.6- 18.8 10.1 17.8 14.3 
More than 18.8 12.2 14.0 13.2 

constraints, it was only possible to survey 
farmers' reactions to disease, insect, and water 
problems. Although 12% of the farmers re­
ported disease problems and 8 % reported in­
sect problems, these appeared to have little or 
no effect on yield. However, yield was ad­
versely affected by water problems ( 32% of 
farmers had water problems), with more than 
40% of the farmers reporting drought and 
48 % of those reporting flood ing having a yield 
of less than 9.4 t! ha. On1y 28 % of the farmers 
having no water problem had yiclds below this 
leve!. 

In four of the six zones with 30% or more 
of the farmers reporting yields lower than 9.4 
t/ ha, the exogenous factors seemed to be asso­
ciated with low yie1ds. At the other extreme, 
zones with less than 15% of the fa rmers having 
low yields, exogenous factors do not seem to 
be related to yield leve!. 

In summary, regional examination of the 
data reveals that disease, insect, and water 
problems do have a deleterious effect on yield, 
with the most serious problem being drought in 
Thai agroeconomic zones 3, 4, and 5. 

Endogenous Factors 
Givcn that the combination of factors within 

the farmer's control is virtually infinite, the task 
of a priori identification of a "best" set of pro­
duct ion practices is impossible. H owever, ex­
amination of individual factors and observed 
combinations of factors should provide sorne 
indication of those endogenous factors that 
make the greatest contribution to production. 

One factor that might be assumed to affcct 
yie1d is variety, but this proved to be insignifi­
cant, both for specia1izing and nonspecializing 
arcas and at the Kingdom leve!. Based on 
identification of varieties grown ( the choice 
bei.ng government or local varieties), it was not 
possible to distinguish between the distribution 
of yield for the two broad variety classifica­
tions. 

Source of stake did not appear to affect 
yield ( 3 7 % of the farmers bought thei r stakes 
or got them from a neighbour), but method of 
storage did seem to have an influence. Most 
farmers stored their stakes in the open. How­
evcr, those who u sed roofed storage ( 6.6% of 
farmers) appeared to have higher yields. 
Length of storage did not appear to affect yield 
(on average, 78.5% of farmers stored stakes 
for less than 1 month ). 

Thus, of all the factors re1ating to varieties 
and storage, only roofed storage seemed to 
havc any positive effect. Whether higher yie1ds 
rcsulted from method of storage, or whether 
bettcr storage merely reflccted overall superior 
managcment, is not clear. 

Another endogenous factor that may be ex­
pected to influence yield is the use of credit. 
Approximately 70% of the farmers inter­
viewed used credit, averaging $256 (5132 baht) 
per farm. The bu1k of the loans are borrowed 
and repaid in cash ( $26 426 906 versus total 
borrowing of $27 91 O 413) . The major pur­
poses of all loans are for general operating ex­
penses related to cassava production and land 
preparation, with the bulk of the money 
coming from merchants or Agricultura! Banks 
(43.7 and 33.0%, respectively). As is often 
the case in developing countries, the interest 
rate is high, with 41 % of the farmers paying 
bctween 1 O and 15% interest and an additional 
37% of the farmers paying over 25% interest. 
A vailability of credit does not seem to be a 
problem to most farmers who already have 
credit (93 % of the borrowers say that more 
credit is available) . In general the borrowing 
of capital seems to be related to severa! fac tors 
that suggest that these farmers are better 
managers. The cumulative effect is that farmers 
who borrow have higher than average yields 
(75% have a yield above 9.4 t/ ha). This yield 
cffect is associated with two other factors: ( 1) 
farmers who borrow have larger than average 
cassava acreage; and (2) farmers with larger 
than average acreages of cassava (more than 
3.2 ha) have higher yields. Comparison be­
tween the cassava specializing and nonspecial­
izing arcas again reveals that average cassava 
plantings are larger in the former while yields 
are slightly lower. In keeping with having 
larger average cassava acreage, farmers in the 
cassava specializing arcas borrow more money 
than those in the nonspecializing arcas (aver­
age $264 versus $223). 

A remaining endogenous factor tbat may 
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Table 2. Labour requirements (man days/ ha) 
for basic production activities. 

Thai study CIAT study 

Land preparation 10.2 _a 

Planting 9.9 9.4 
Cultivation 32.7 46.8 
Harvesting 19.9 30.7 

•Machinery used for land preparation. 
bNo machinery used for land prcparation. 

25.0b 
11.4 
43.7 
24.6 

atfect yield is the means of production ( land 
preparation, planting, cultivation, and harvest­
ing). As in other producing countries, the 
means of production tend to be labour in­
tensive. Thailand is perhaps unique in terms of 
the use of mechanized field preparation, with 
60% of the farmers using sorne form of mecha­
nization, and an additiona l 27 % using animal 
draft power. All other field activities are ac­
complished primarily by human labour. 

At the Kingdom leve! the o nly production 
practice that appreciably atfccts yield is the 
use of family labour in field preparation. Less 
than 24% of the farmers who manually pre­
pared their fields had yields of less than 9.4 
t / ha (versus a Kingdom average of 33 % of 
farmers with yields in this category). By cas­
sava acreage, farmers who relied upon manual 
field preparation represented a cross section 
of the industry. That is, the distribution of 
planted acreage for farmers using manually 
prepared fields and the sample population are 
similar. However, the average acreage for 
farmers who hired machinery for land prepara­
tion is generally larger than the average cassava 
acreage. 

In general, the utilization of hired labour is 
associated with lower yields. But when there is 
no water problem, the farmers depending on 
hired labour tend to have higher yields than 
those depending on family labour. lt may be 
speculated that under bad conditions the fam­
ily labour puts in extra effort to combat the 
adverse conditions. This supposition is to be 
examined at a future date. 

In summary, it may be said that production 
practíces in the old and new cassava producing 
arcas appear to be similar and equally suc­
cessful. The only endogenous factors that seem 
to be identified with yield improvements are: 
( 1) the storage of stakes under shade; (2) the 
use of credit; and (3) the manual preparation 
of land. Furthermore, the exogenous factor of 

weather seems to intluence the productivity of 
hired labour. 

The analysis to date does not indicate that 
yield and basic output/ input ratios for the old 
and new cassava producing arcas are markedly 
ditfercnt. lf this finding can be substantiated it 
will cast sorne doubt on the generally accepted 
Thai bclief that, in time, the productivity of 
cassava arcas is drastically decrcased. This sur­
vey wil l, howevcr, not be able to assess if dif­
fcrcnces in soil and topographical conditions 
in the old and new arcas will prohibit the latter 
arcas from duplicating the long run production 
practices of the old cassava producing arcas. 

Sorne Benchmark Values 
Whereas the preceding analysis provides 

sorne indication of thc factors affecting yield, 
it does not provide all the information re­
quired for international comparison of produc­
tion practices. This section contains sorne of 
the data required for such comparisons. 

As noted, Thailand differs from other cas­
sava producing countries in terms of thc use of 
machinery for land preparation, but is similar 
to such countries in that all other production 
activities are labour intensive. A comparison 
of Colombian ( Diaz et al. 1974) and Thai 
production practices reveals the similarities 
that exist between the two countries (Table 2). 

There is little ditference between the two 
countries regarding the time needed for plant­
ing, but Thai farmers appear to require less 
labour for weeding, cultivating, and harvesting, 
tha n do Colombian farmers. Thai cassava pro­
ducers also seem to be more efficient when one 
realizes that 80% of production occurs within 
12 months (versus 42% in Colombia) and that 
the average Thai yield is approximately 15 tlha 
versus 11 t/ha in Colombia. 

The Thai farmer also differs from his 
Colombian counterpart in that the former 
rarely intercrops cassava, whereas o ne third 
of the latter farmers do. Cassava in Thailand 
is, of course, grown in competition with other 
crops. A\though the farmers' anticipated re­
sponse to increases or decreases of cassava 
acreage is basically symmetrical, 1 O% of the 
farmers suggested that they would grow vege­
t ables, tlowers , fruit , or other high value crops 
if cassava acreage were decreased. 

To conclude this section, an examination of 
the potential profitabil ity of cassava is pre­
sented. The gross margin of cassava produc­
t ion is used as a proxy measure of cassava 



232 TROPICAL ROOT CROPS SYMPOSIUM 

profitability in the two countries. Gross margin 
is dcfined as: gross revenue minus cost ( or in­
puted cost) of land preparation, planting, cul­
tivating, and harvesting. 

For Thailand the average revenue is $358/ 
ha while the average cost of production (ex­
cluding purchased inputs, interest, and return 
on investment) is $84/ ha, giving a gross 
margin of $274/ ha. Because average farm 
acreage of cassava is 3.3/ ha, the average farm 
gross margin derived from cassava is $898.72 
from which other variable and fixed costs must 
be deducted. Comparable figures for Colombia 
are: cost $111 / ha, returns $424/ ha; and gross 
margin $313/ ha. Thus, if gross margin is a 
good proxy measure for profit, it appears that 
cassava is more profitable in Colombia than in 
Thailand ( on a per unit land basis). If, how­
ever, the length of the production cycle is con­
sidered, then production in Thailand appears 
to be more profitable lt may in fact be the 
Thai 's abi lity to produce a crop of cassava 
every year that is the single most distinguishing 
factor of cassava production in Thailand. The 
annual production of cassava allows the farmer 
to utilize his Jand more fully, and enables him 
to annually alter his cropping pattern in re­
sponse to emerging market conditions. Such 
flexibility is not generally possible with pro­
duction cycles of more than one year, because 
sorne land will sit idle if harvesting occurs just 
prior to a dry season. 

This paper has attempted to highlight major 

factors related to cassava production in Thai­
land, and to compare Thai production prac­
tices with those of Colombia. The analysis re­
veals no startling findings. Instead it suggests 
that thc methods of production are fairly con­
sistent in diffcrent areas of Thailand, albcit 
factors such as weather, credit, farm size, and 
method of field preparation appear to affect 
yield. Furthcrmore, the comparison of Thai 
and Colombian production practices suggests 
that any compctitive edge in productivity that 
Thailand may enjoy is primarily related to a 
shorter growth cycle. 

Thus, Thailand's preeminence among cas­
sava producing countries is not the result of 
superior technology, but rather the result of 
superior application of technology that is 
readily available in many other countries. 

The research for this paper was made possible 
by the generous assistance of the Division of 
Agricu ltura! Economics (DAE), Royal Tbai 
Ministry of Agriculture and Cooperatives, and 
the International Development Research Centre. 
Special thanks are owing to Somnuk Striplung, 
Chief DAE. and Apichart Pongsrihadulchai, Thai 
Project Coordinator, (or their efforts in this joint 
Thai-Canadian venture. 

Diaz. Rafael 0., Per Pinstrup-Anderson, and 
Ruben Dario Estrada. Cost and use of inputs 
in cassava production in Colombia: a brief de­
scription, CIAT, Series EE No. 5, September 
1974. 

The Prophylactic Action of Cassava 

O. L. Oke1 

Cyanogenic glycosides are toxic in large doses, but the body can cope with small doses, 
which are converted to compounds of high physiological activity, e.g. glucose, cyanate, 
and tbiocyanate (used for sickle cell crisis and certain hypertension) , salicylíc acid and 
isomers (an antipyretic and analgaesic). and hydrocyaníc acid (a potent cytotoxin). Under 
certain conditions such as development of neoplasm or schistosomiasis. the cells affected 
contain high amounts of glucosidases or glucuronidases, which are capable of hydrolyzing 
the glycosides but are devoid of the enzyme rhodanese for converting the higbly toxic 
hydrocyanic acid to the much less toxic thiocyanate. This therefore results in selective 
toxicity in which the cells are destroyed, but the somatic cells with high amounts of 
rhodanese survive . Since the diets of people in developing countries contain a lot of cassava 
bigb in cyanogenic glycosides, this migbt account for the prophylactic property that results 
in rarity of sickle cell anaemia and bowel cancer. 

lChemistry Department, University of Ife, Ile-Ife, Nigeria. 
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Hydrocyanic acid does not occur free in 
plants, but in many plant species, notably the 
Rosaceae and Leguminoscae families, it occurs 
in the forrn of cyanogenic glycosides, and is set 
free on hydrolysis. The hydrolysis can be 
brought about by acid in the digestive tract, or 
by endogenous enzymes in the plant released 
by damage caused during harvesting or the 
preparation of the material for food. The glyco­
sides that will be discussed in this paper are 
those having either a mandelonitrile or ketone 
aglycon and that are a normal part of the 
biological experience or diet of the higher 
animals. 

One thing that is common among these gly­
cosides is that they all yield highly toxic agly­
cones. Therefore, it is not surprising that rnany 
studies have investigated the toxic effects of 
these glycosides (see Nestel and Maclntyre 
1973). Thus ingestion of cassava (HCN) has 
been implicated as the cause of tropical ataxic 
neuropathy ; rats fed cassava develop neuro­
muscular symptoms due to the HCN, which 
causes lesions in the central nervous systern; 
severa! nitriles ha ve been isolated from Lathyrus 
species, known to be the neurotoxin respon­
sible for lathyrism, e.g. ,8-aminopropionitrile, 
,8-cyano alanine; the aglycon methyl azoxy­
methanol is known to account for sorne of the 
following neoplastic exhibitions in rats: renal 
adenocarcinoma, hepatic carcinoma, colonic 
carcinoma, and renal mesenchymal tumour. 
lngestion of cassava (HCN) has also been sug­
gested as the cause of goitre in man and in 
animals. Thiocyanate ( arising from detoxica­
tion of HCN or from glucosinolates) may pro­
duce enlarged thyroids in animals, whereas the 
severe growth depression exhibited by pigs, 
chicks, and rats consurning raw ground rape­
seed could be attributed to nitriles rather than 
the known goitrogens. 

Since all cyanogenic glycosides give off hy­
drocyanic acid on hydrolysis, this gives a good 
method of estimating the content of these gly­
cosides in plants. Oke ( 1966) found that cas­
sava contains 16-40 mg HCN/ 100 g and that 
this varíes with variety, environment, and age. 
Oke ( 1969) al so found a high concentration 
in lima beans (40-60 mg/100 g), and small 
quantities in maize, guinea corn, millet, and 
cocoyam. 

However, one aspect that has never been 
treated in detail is what happens when small 
doses of these cyanogenic glycosides are in­
gested. 

lngestion of Cyanogenic Glycosides 

About 200 different compounds have been 
isolated from coffee and about 1 00 from 
oranges. Thus a cup of coffee at breakfast fol­
lowed by a drink of orange rnay result in an in­
take of about 300 cornpounds, sorne of which 
may be toxic, but are detoxified by the body. 
Because cyanogenic glycosides occur in over 
1200 known unrefined foods and grasses, early 
man, whose diet consisted mainly of whole 
nuts (which contain a Iot of protein, fat, and 
vitamins), must have consumed a Iarge amount 
of these glycosides. Over the generations the 
body had developed an effective rnechanism 
for coping with the high intake of this com­
pound. Thus under aerobic conditions in the 
presence of thiosulfate or colloidal sulfur, 
the enzyme rhodanese converts the toxic cya­
nide (HCN) to the much less toxic thiocyanate 
( SCN). Another pathway is through combina­
tion with hydroxocobalamin to form cya­
nocobalarnin. Others include reaction with 
3-mercaptopyruvate to form thiocyanate and 
pyruvate, and reaction with cystine to forro 
cysteine and ,8-thiocyanoalanine. The details of 
these mechanisms have already been reviewed 
by Oke (1969). 

We can therefore say that the cyanogenic 
glycosides are water soluble, essentially non­
toxic, sugary compounds that occur extensively 
in many edible plants, especially the seeds. On 
hydro1ysis by ,B-glycosidase, an enzyme pro­
duced by intestinal bacteria as well as the body, 
they yield glucose, hydrocyanic acid, and either 
benzaldehyde ( or its analogue) or acetone. 
The hydrocyanic acid is detoxified by conver­
sion to thiocyanate by rneans of the enzyme 
rhodanese, and in the presence of haemoglobin 
thiocyanate is converted to cyanate. The ben­
zaldehyde is oxidized to benzoic acid (and sub­
sequently hippuric acid) or salicylic acid 
isorners (in case of the glycosides with p-hy­
droxybenzaldehyde aglycon). Thus ingestion 
of this water-soluble complex compound has 
produced sorne metabolites of specific chemi­
cal compounds that are physiologically active. 

( 1) Thiocyanate, which is present in body 
fluids, has been widely used in both Germany 
and the United States as an effective agent for 
hypertension at serum levels upwards of 4 
mg%. As far back as 1857, Bernard reported 
that thiocyanate had a depressant effect on 
animal hearts. One can therefore infer that 
certain aspects of hypertension ( at Ieast those 
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responsive to a serum level of thiocyanate of 
over 4 mg% induced by administering thio­
cyanate medically) are partia lly related to de­
ficiency of th iocyanate (and hence cyanogenic 
glycoside) in the diet. 

( 2) lt has been found that the efficiency of 
Urea IV solution used for sickle cell patients 
during crisis is actually due to the cyanate con­
ta ined in it. Here is another case where ade­
quate intake of thiocyanate (i.e. cyanogenic 
glycosidc) in the diet is related to sorne ail­
ment. 

(3) Benzoic acid, originally obtained from 
becchwood bark, has ccrtain anti rheumatic 
and antiscptic propertics and was widely used 
prior to the advent of salicylic acid. Sa licylic 
acid is used as an analgaesic, antiseptic, and for 
many other ailments. Again it is a metabolite 
and there is no question of dosage. Thus thc 
deficicncy of cyanogenic glycosides spells a 
concomitan! deficiency in dietary salicylic 
acid and isomers a nd benzoates with their anti­
septic, antirheumatic, a nd anti-inflammatory 
effects. 

( 4 ) H ydrocyanic acid is useful in the pro­
duction of cyanocobalamin (vitamin 8 12 ) 

from the provitamin 8 12 or- hydroxocobalamin 
( 8 12.) . In the presence of light the former is 
converted to the Jatter, which can then react 
with cyanide to regenerate vitamin 8 12 . The 
great affinity of vitamin 8 128 for cyanide is due 
to the presence of cobalt in the molecule. 
Baxter et al. ( 1953 ) ha ve shown that amputes 
of B 1 2 assumed to hold 1 00 mg of cyanocobal­
amin contained varying percentages of hy­
droxocobalamin ( 8 12.). Undoubtedly sorne of 
the vitamin 8 12 existing in the liver occurs in 
this form, the total amount being Jess than 100 
mg ( Drouette et al. 1953). 

A closer look at this dcfinition (which is 
more or Jess the definition of vitamins) might 
impl y that these glycosides ( in sm all doses) 
might be playing the role of a vitamin. Other­
wise, why a re certain diseases that were very 
rare in early man (who consumed as much as 
8000 m g/ da y) or even in the so-called " primi­
tive man" of underdeveloped countries now so 
very common among "civilized" man? A priori 
the main difference between the two types of 
man is their diet. An analogy is the case of 
scurvy among sailors in the late 19th century, 
which was later discovered to be due to the 
lack of vitamin C, which occurs extensively in 
citrus frui ts and vegetables. Can it then be that 
changing from primitive food to refined food 

has resulted in the omission of sorne importan! 
dictary factors that now express themselvcs in 
the form of new diseases? 

Sickle Cell Disease 
Sicklc cell d isease is probably the best under­

stood of the genetic blood disorders, and on 
the biochemical leve! it is probably the most 
completely understood disease of man. Pauling 
et al. (1949) ha ve proposcd that a surface 
rcgion of the globin near the iron atom in the 
sicklc haemoglobin ( which is absent in the 
normal one) may, on dcoxygenation, permit 
complementary interaction with other sickle 
haemoglobin causing alignment, birefringence, 
and distortion of the cell membrane (Castle 
1974 ) . He therefore refcrred to sickle cell 
anacmia as a " molecular d isease," and further 
proposed that molecular diseases could be re­
solved by the proper supply of physiological 
a nd diet ary substa nces. The most promising of 
these physiological substances are the hydrogen­
bond breaking agents such as cyanate a nd 
thiocyanate. Levine et al. ( 1974) assessed the 
aggregation of sickle cell haemoglobin in the 
prescnce of various solutes and found that 
polymerization was inhibited by inorganic ions 
in the following order: Cl -, N03 - , Br-, J-, 
SeN-, with thiocyanate being profound. The 
effectiveness of urea may be due to the cyanate 
being in equilibrium with the urea in solution. 

Ccrami and Manning ( 197 1) and Manning 
ct al. ( 1972) ha ve shown that cyanate irre­
vcrsibly inhibits sickl ing of red blood cells in 
vitro and extends the life span of treated sickle 
cells to near normal rangc in vivo (Gillette et 
al. 1971 ; Cerami 1972). The beneficia! effect 
has been attributed to carbamylation, giving a 
protcin with functional properties more like 
those of normal haemoglobin (Manning et al. 
1972). Clinical trials with sickle cell patients 
in doses up to 35 mg/ kg/ day for 11 months 
have resulted in fewer crises, definite haema­
tological improvemcnt, and a decrease in the 
h aemolytic anaemia without significant ad­
verse effects ( Gi llette et al. 1972, 197 4). How­
cvcr, since the repaired cells will be subse­
qucnt ly replaced it means a continuous carba­
mylation throughout life with sodium cyanate. 
In accordance with Paul ing's hypothesis, there 
is a dietary factor missing that if supplied by 
the regular diet, would perform this function. 
Traces of cyanide in foods are detoxified to 
both cyanate and thiocyanate. Thus Goldstein 
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and Reiders (1951) detected cyanide and 
cyanate in the blood of dogs injected with toxic 
amounts of thiocyanate. 

In developing countries where foodstuffs 
containing cyanogenic glycosides such as cas­
sava, millet. lima beans, etc. still constitute the 
major part of the diet, the plasma thiocyanate 
content is usually about five times that of nor­
mal (Delange et al. 1973; Osuntokun 1973) 
and this coincides with the leve! obtained in 
those patients being treated with thiocyanate 
(Gillette et al. 1972). This therefore suggests 
that people consuming the glycosides should 
derive sorne benefit from them, and that this 
might even mask the HbS identity and prevent 
painful · crises in those who have sickle cell 
anaemia. The amount of cyanide ingested will 
depend on the method of preparation of the 
food. The cyanate derived from these foods 
will be acting as a prophylactic. 

Apart from cyanate (from cyanide in the 
tropical diet), another factor that might ha ve 
contributed to the beginning nature of sickle 
cell anaemia in Africa is the cffect of salicylic 
acid and its isomers, which are released along 
with hydrocyanic acid on h ydrolysis of cyano­
genic glycosides. This has been found to be ac­
tive against sickle cell by Klotz and Tam (1973). 
In support of this it was found that the water 
extract of a local chewing stick Pagara z.an­
thoxyloides used extensively in Nigcria instead 
of tooth brush and paste, contained sorne 
chemicals with antisickling properties (El-Said 
et al. 1971). Fractionation gave four fractions 
and the active constituent was shown to be 2-
hydroxymethyl benzoic acid (Sofowora and 
Isaacs 1971 ) . 

Thus cyanogenic glycosides have many anti­
sickling factors that are released on ingestion 
and Iike the Pagara root, these metabolites will 
have complementary, if not synergistic bene­
fits. 

Cancer 

Cancer is a chronic disease, and like all 
chronic diseases, it should find therapeutic or 
prophylactic resolution by accessory food fac­
tors or vitamins that are common to the nor­
mal diet. 

There are different forms of cancer but thc 
most common one is that of the large bowel. 
This cancer, which can also be called social 
cancer, has a strong link witb alternations in 

dietary habits. Jt is very common in indus­
trialized countries and Higginson (1967) 
found that it was related to economic develop­
ment. The incidence of bowel cancer is very 
low for African countries, e.g. in Acera with 
a total of 1192 cases of cancer only 1.8% were 
bowel, Nairobi 4206 and 2.5%; Dakar t 838 
and 2.5%, respective! y. Breener and Ackerman 
( 1970) reported rarity of large bowel cancer 
and extreme rarity of intestinal polyps in 
J ohanncsburg Bantu. Burki tt ( 1971 ) sent ques­
tionnaires to hospitals in many parts of Africa 
asking for reports of cases; the replies con­
firmed its rarity. 

Let us now consider what happens with 
neoplastic cells. H ydrocyanic acid and ben­
zaldehyde are two very powerful cytotoxins 
which, when reacting together, give a powerful 
syncrgy severa! times (about 40 times) greater 
than the arithmetical sum of their separate 
toxicities. Otto Warburg found that fcrmenta­
tive metabolism rather than respiratory metab­
olism plays a large role in cancer. This uses 
lcss oxygen (in the free state) and hence oxida­
tion of benzaldehyde occurs much more slowly 
in the neoplastic cells. Moreover, the neo­
plastic cells are devoid of rhodanese but are 
surrounded instead by another enzyme ,8-glu­
cosidase, secretcd by the cells that release the 
bound cyanide at the site of malignancy and 
so destroy the cancer cells. With the selective 
lag of both undetoxified cyanide as well as 
unoxidized benzaldehyde in the neoplastic cells 
and the multiplication of cytotoxicity that the 
combination atfords, the ncoplastic cells suffer 
a lethal cytotoxicity and kili the cancer cells 
while the hostal or somatic cells are totally un­
affected- except in a beneficia! manner. We 
therefore have a highly selective substance that 
shoots at the enemy only; toxíc to the cancer 
cclls and completely nontoxic to normal cells. 
In a series of expcriments to determine the 
efficiency of amygdalin upon mice with spon­
taneous mammary tumours, scientists in Sloan­
Kettering Institute of Cancer Research clearly 
demonstrated that it significantly inhibited the 
appcarancc of lung mctastases and increased 
thc inhibition of growth of primary tumours 
over the appearance of inhibition in untreated 
animals. This anticancer property has been 
confirmed in cell culture and in humans. The 
mechanism was first worked out by Krebs 
( 1970) . It will therefore not be surprising if it 
is found that cyanogenic glycosides are pro­
phylactic against cancer. 
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Relationship to Other Diseases 

If the above hypothesis on cancer is corree! 
then the same principie should apply to other 
pathological cells that are rich in ,8-glucu­
ronidases or ,8-glucosidases but lack rhodanese. 
A good example is schistosomiasis caused by 
infection of Schistosomiasis haematobium and 
S. mansoni. Patients witb this disease excrete 
as much as 3.08 units/ml of ,8-glucuronidase 
compared to 0.95 unit for normal controls 
(Navarro 1965). Treatment with antimony 
tartarate causes activity of the enzyme to drop 
( Fripp 1960). Similar results ha ve been 
obtained using amygdalin, especially with S. 
japonicum and most other blood flukes living 
in the blood stream where they can absorb the 
glycoside. Similarly, the application of amyg­
dalin causes the egg production of S. mansoni 
to drop from 100-200 per da y to zero. Krebs 
and McNaughton (1963) studied sorne species 
of snails such as Helix pomatus and found 
they possessed ,8-glucuronidase or ,8-gluco­
sidase but lacked rhodanese. Therefore, they 
advocated exploring the clinical possibility of 
taking advantage of the selective action of 
amygdalin ( cyanogenic glycoside). This has 
been done with very good results by Navarro 
( 1965) with schistosomiasis. 
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The Toxic Effect of Cassava on Human Thyroid 
F. Delange/,2'3 P. Bourdoux,1

.3 M. Camus,3 M. Gerard/ 
M. Mafuta, 1 A. Hanson, 1 and A. M. Ermans1

'
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Previous investigations on the goitre endemia of ldjwi lsland (Eastern Zalre) had 
suggested that cassava could play a role in the etiology of endemic goitre. The suggested 
mechanism was a loss of iodide in the urine due to the antithyroid action of thiocyanate 
resulting from the endogenous conversion of linamarin contained in cassava. This hypoth­
esis was further tested in 677 inhabitants of another extremely severe goitre endemia 
situated in the Ubangi area (Northwestern Zai.re) where cassava is also a staple food. 

Very low renal excretion of iodide ( 11.3 ¡.tg/ day) and high thiocyanate content in 
serum (0.83 mg/ 100 mi) and urine (11.3 mg/ day) indicate that this population is sub­
jected to an extremely severe iodine deficiency and to the consumption of a goitrogenic 
foodstuff. Cassava consumption is followed by a sharp increase in urinary excretion of 
stable iodine and in the leve! of serum and urinary thiocyanate. The highest urinary con­
centrations of thiocyanate are observed in the subjects presenting the largest goitres. 

The data confirm the hypothesis that consumption of cassava increases serum 
thiocyanate concentration which has an antithyroid action and causes a loss of iodide in 
the urine. In view of the iodine deficiency already prevailing in the diet, this mechanism 
could play a critica! role in goitre development. 

The prime function of the thyroid gland is 
to secrete a sufficient quantity of hormones to 
regulate oxidative processes in the tissues 
( Degroot and Stanbury 197 5) . Sin ce iodine is 
a major constituent in these hormones, the 
activity of the thyroid is critically dependent 
on the amount of iodine contained in our 
food. Normal iodine intake is at least 100 ¡;,g/ 
day. lf the iodine intake is distinctly in­
adequate, the thyroid gland is stimulated by a 
regulatory process involving increased secre­
tion of thyrotrophic hormone by the pituitary. 
This stimulation ensures the maintenance of 
normal thyroid function. It also causes hyper­
plasia of the gland and goitre (Delange 1974). 

A number of natural substances contained 
in our food have the property of preventing 
iodine from penetrating the thyroid. The con­
sequences are identical to those of iodine de­
ficiency, the main one being goitre develop­
ment. These substances are therefore referred 
to as natural goitrogens (Y amada et al. 1974). 

By definition, we speak of endemic goitre in 
man when goitre development is present in 
more than 10% of a population (Querido et al. 
197 4) . This is a ver y widespread disease 
which affects more than 200 million people 

Goítre Programme in za·ire of CEMUBAC 
(Centre d'Etudes Médicales de I'Université de 
Bruxelles dans les Actions de Coopération, 
Belgium) - IRS (lnstitut pour la Recherche 
Scientifique, Zai"re) ( 1 ) , Departments of Pedi­
atrics (2) and of Radioisotopes (3) , University 
of Brussels, Belgium. 

(Kelly and Snedden 1960). The main cause of 
cndemic goitre is iodine deficiency, but the 
additional role of natural goitrogens has been 
demonstrated in severa! regions of the world. 
In particular, results from Nigeria (Nwokolo et 
al. 1966; Ekpechi 1967; Oluwasanmi and Alli 
1968; Ekpechi 1973) and from Zalre (Delange 
and Ermans 1971 ; Ermans et a l. 1973; van der 
Velden et al. 1973) suggest that cassava is one 
of the goitrogens which may play a role in the 
etiology of endemic goitre. We have estab­
lished that : (l) one meal of cassava causes 
an increase in urinary excretion of stable iodine 
in man (Delange and Ermans 1971) ; and (2) 
a constant cassava-based diet administered to 
rats causes goitre development and modifies 
the biochemical parameters of thyroid function 
in a manner characteristic of severe iodine de­
ficiency (Ermans et al. 1972). 

The following mechanism has been proposed 
for explaining the goitrogenic action of cassava 
( Ermans et al. 1972, 1973) : cassava contains 
Iarge amounts of a cyanogenic glucoside, 
Iinamarin. After ingestion of cassava, linamarin 
is hydrolyzed into cyanide by means of a specific 
glucoside, linamarase, also contained in cas­
sava. Cyanide is transformed into thiocyanate 
under the influence of a specific enzyme called 
rhodanase. Thiocyanate is released in the cir­
culation and excreted in the urine. 

Thiocyanate is a goitrogenic substance be­
cause it competes directly with the iodide 
trapping process of the thyroid (Vanderlaan 
and Vanderlaan 1947) and, at higher concen-
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Fig. 1. Com parison of the patterns of thyroidal 
uptake of radioiodine and urinary excretiorr of 
stable iodine in the control group (rice mea/) and 
the cassava group. 

tration with the intrathyroidal processing of 
iodinc (Raben 1949; Wollman 1962; Scranton 
1969) . This two-fold action reduces the quan­
tity of iodine available for hormone synthesis 
and increases iodine excret ion through the 
urine. T his situation could induce or aggravate 
a state of iodine deficiency and thus provoke 
goitre. 

lf this pattern is correct, it may be expected 
that cassava consumption by man will be fol­
Jowed by: ( 1) an increase in urinary excretion 
of stable iodine; (2) an increase in the leve) of 
blood thiocyanate; and (3) an increase in the 
leve! of urinary thiocyanate. 

Finally, there should be sorne relationship 
between the volume of the thyroid and the 
concentration of blood and urinary thiocya­
nate. 

The aim of our work was to ascertain 
whether this was indeed the case in endemic 
goitre. 

Patients and Methods 
The study was conducted in the goitre 

endemia of Ubangi, in northwestern Zai're. 
This is an except ionally severe endemia where 
goitre atfects 70% of the total population and 
the prevalence of cretinism varíes between 1 

and 7% (Thilly et al. 1974). It is about 1500 
km from the Kivu endemia ( Delange 1974), 
and has a totally different biotope, consisting 
essentially of tropical forest. The population 
lives almost entirely off locally grown food. 
Cassava is a staple food. 

We studied a sample of 677 randomly 
selected inhabítants, of both sexes, between 1 
and 80 years of age, and all clinically euthy­
roid. Results were compared with correspond­
ing results obtained in a similar study of 71 
inhabitants of Idjwi Island in Kivu (Eastern 
Zalre), and those of 116 normal Belgian sub­
jects used as controls. 

Urinary iodine was determined by the 
Rile y and Gochman ( 1964) method, using a 
Technicon Autoanalyzer. The Aldridge (1945) 
method was used for thiocyanate assays. 

Investigations and Results 

The first stage consisted of assessing the 
ctfect of a cassava meal on iodine metabolism. 
Thyroidal uptake of radioiodine and daily 
urinary excretion of iodide were compared in 
two groups of 22 patients each, matched for 
thcir radioiodine uptake values after fasting. 
One group received a diet based solely on cas­
sava for 24 h; the other was fed rice, regarded 
as non-goitrogenic, and served as the control 
group. Fig. l shows that the uptake values in 
thc cassava group are consistently lowcr than 
those of thc control group but the ditference 
is not significan! until the 24th hour ( p < 
0.05). However, during this period, urinary 
excretion of stable iodine rises to 18.1 ± 1.6 
p.g/ da y in the cassava group, compared with 
9.3 ± 1.1 p.g/ da y in thc control gro u p. The 
difference is highly significan! (p < 0.001 ). 

In a second investigation we studied the in­
fiuence of cassava consumption on the serum 
leve! of thiocyanate. This levcl was determined 
in a group of 1 O subjects befo re and after con­
sumption of substantial quantities of cassava 
over a period of 3 days. Corresponding assays 
were performed in a control group fed with 
rice. The serum leve( of thiocyanate did not 
vary in the control group, but increased in 8 
out of 10 patients in the cassava group. The 
average leve! rose from 0.32 to 0.47 mg/ 100 
mi, which is a highly significant increase (p < 
0.005). During the same period, urinary con­
centrations of thiocyanate remained stationary 
in the rice group, but rose from 0.68 to 0.82 
mg/ 100 m1 in the cassava group. This djtfer-
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patients. 

ence is slightly significan! (p < 0.05). 
A third investigation conccrned the action 

of chronic cassava consumption on the level 
of urinary thiocyanate. This was accomplished 
by the Zalrean chemist on the team (M.M.) 
on himself. Urinary samples were collected at 
the end of a 5-month stay in Brussels where 
the subject ate no cassava, and after his return 
to Ubangi where he wcnt back to his tradi­
tional diet. Thiocyanate concentration varied 
considerably from day to day. H owever, the 
average concentratio n after 4-7 weeks in 
Zalre (0.5 mg/ 100 mi) was still the same as in 
Brussels, whereas in the 3rd month after thc 
return to Zaire it increased to twice its Brussels 
leve) and ín the fift h month rose to five times 
the original value. 

The next stage consisted in looking for bio­
chemical signs of iodine defic iency and goitro­
gen consumption in the Ubangi population. 
We therefore determined daily urinary excre­
tion of iodide and thiocyanate together with 
the blood level of thiocyanate in our Ubangi 
sample (Silink and Marsikova 1951) . 

In the Belgian controls, daily renal excretion 
of iodide is 51.2 ± 5.8 ¡Lg/ day, that of thiocya­
nate 6. 7 ± 1.3 mg/ da y and the blood concen­
tration of thiocyanate 0.22 ± 0.02 mg/ 100 mi. 
In contras!, in the two African populations the 
va lues for urinary excretion of iodide were 
greatly reduced ( 12.6 and 11.3 ¡Lgl da y respec­
tive( y), while urinary excretion of thiocyanate 
(14.3 and 11.3 mg/ day) and blood concentra­
tion of thiocyanate ( 1.1 O and 0.83 mg/ 100 mi) 
were substantially above normal. 

The next stage consisted of determining 
whether there was any relationship between 
urinary and serum concentration of thiocyanate 
in the Ubangi population. The two parameters 
were determined in 138 randomly selected 
Ubangi inhabitants ( Fig. 2). The line repre­
sents the theoretical relationship which we 
should expect to find between the two param­
eters if the variations in one triggered identical 
variations in the other. However, the observed 
situation is such that the points follow a curve 
of the power function type and not a straight 
line. T his suggests that, above a critica( blood 
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threshold, further intakes of thiocyanate in­
crease the urinary concentration of the ion 
without perceptibly modifying blood concen­
tration. Blood th iocyanate levels are extreme/y 
variable and exceed 1.5 mg/ 100 mi in 20 % of 
the cases. 

During separate investigations in Belgium 
we established that above this critica! level 
thiocyanate acts directly on the thyroid by in­
hibiting intrathyroidal penetration of iodide. 

In the last stage of our study we looked for 
a possible relationship between thyroid volume 
and urinary excretion of tbiocyanate. Urinary 
concentration of thiocyanate was determined 
in 416 inhabitants of three separate villages. 
lodide concentration was determined in the 
samples of two of the same villages. Urinary 
iodine concentration was 2- 3 ¡.¡.g/ 1 00 mi in aH 
the patients investigated and did not vary ap­
preciably in accordance with thyroid volume. 
In contrast , urinary concentration of thiocya-

nate varied substantially between the three vil­
lages and within each village, increasing stead­
ily in proportion to thyroid volume and attain­
ing its highest Jevels in subjects presenring 
large goitres. 

Figure 3 shows the evolution, for the same 
patients, of urinary thiocyanate concentration 
as a function of age in both sexes. The val u es are 
identical for both sexes up to puberty. In male 
subjects average urinary thiocyanate declines 
after age 15 until adulthood. In women, how­
ever, it continues increasing, up toa maximum 
leve! at age 30-40, and then decreases. This 
pattern of development in relation to age and 
sex dosel y resembles the frequency distribution 
curve for visible goitres in relation to age and 
sex in goitrous African populations (Dclangc 
1974) . 

Discussion 
The Ubangi population is subjected to an ex-
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Fig. 4. Hypothetical scheme concerning the action 
of cassava on the metabolism of iodine and of 
thiocyanate in man in 1he Vban~:i endemic goi/re 
area. 

tremely severe iodine deficiency. The high 
levels of serum and urinary thiocyanate repre­
sen! a biochemical indicator of the consump­
tion of a goitrogenic foodstuff by that popula­
tion (Si link and Marsikova 1951). 

It is difficult to distinguish the respective 
roles of thiocyanate aod iodine deficien­
cy in the etiology of endemic goitre be­
cause the effects of thiocyanate are the same 
as those of iodine deficiency. Nevertheless, 
this work has provided strong evidence in 
favour of the hypothesis that cassava consump­
tion and the resulting production of thiocya­
nate have an antithyroidal effect in man. Al! 
four points on which the proof of the hypoth-

esis rested ha ve been effectively confirmed. Cas­
sava consumption is followed by: (1) an 
increase in urinary excretion of stab\e iodine. 
In this respect all thc findings made in Idjwi 
(Delange 1974; Delange and Ermans 1971) 
and Ubangi are consistent. The result is that 
the iodine deficiency is aggravated; (2) an in­
crease in the leve! of serum thiocyanate; (3) 
an increase in the leve! of urinary thiocyanate. 
This effect is moderate in the case of acute cas­
sava intake but extremely marked after a 
period of chronic consumption; ( 4) finally the 
concentration in urinary thiocyanate is in pro­
portien to thyroid volume. This relationship 
does not allow any conclusion as to whether 
the increased thiocyanate is the cause or con­
sequence of the goitre. But, even in the latter 
case, the increase in thiocyanate could play a 
role in goitre development by triggering a 
vicious process in which the goitrous gland 
became Iess and less capable of metabolizing 
increasing quantities of thiocyanate. 

The mechanism whereby cassava affects 
iodine metabolism in man is shown in Fig. 4: 
acute consumption of cassava causes increased 
concentration of serum thiocyanate whicb, 
once it has exceeded a critica! leve!, may result 
in the inbibition of intrathyroidal penetration 
and/ or organification of iodine and cause an 
increase in urinary excretion of stable iodine. 
In these acute conditions little or no changes 
are observed in urinary thiocyanate, perhaps 
because of the very long half-life of this ion in 
the plasma (Ermans et al. 1972). By contras!, 
chronic cassava consumption results in a very 
marked increase in concentration. Urinary 
concentration of thiocyanate constitutes a 
more reliable indicator of the degree of thio­
cyanate impregnation than serum concentra­
tion. 

In the conditions encountered in Zalre it is 
conceivable that acute and chronic conditions 
a lternate or overlap depending on the type and 
frequency of food intake. Probably, the re­
currence of such situations causes substantial 
iodinc losses which, in view of the iodine de­
fici ency already prevailing in the diet, plays a 
critica! role in goitre development. 
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Utilization of Cassava as a Carbohydrate Source for Pigs 

V. F. Hew and R. l. Hutagalung1 

Cassava is shown to serve as an inexpensive source of valuable energy for pigs. Tbe 
corree! choice of cassava with low cyanogenic glucosides and the use of high quality 
proteins to make up for nutrient deficiencies in amino acids and vitamins makes the re­
placement of grains by cassava possible. The use of cassava would substantially reduce the 
COSI of feed. 

Wben 30 Landrace pigs were assigned to diets containing O, 15, 30, 45, and 60% cas­
sava as the energy source in their diets, no significan! difference in performance nor carcass 
characteristics was observed. The increase in cassava levels was accompanied by an 
increase in fishmeal, a high quality and locally available protein source. The inclusion of 
fisbmeal rather than other proteíns of plant origin in high cassava diets is comparable to 
tbe supplementation in the cassava diets of methionine or other synthetic amino acids. 

' Animal lmprovement Division, Malaysian Agricultura! Research and Development Jnstitute, Ser­
dang, Selangor, Malaysia, and Faculty of Agriculture, University of Malaya, Kuala Lumpur 22-11, 
Malaysia, respectively. 



HEW ANO HUTAGALUNG : CASSAVA DIETS FOR PIGS 243 

Table l. Composition of diets for pigs (15-50 kg body weight). 

Cassava leve) ("( ) 

o 15 30 45 60 

Corn, yellow 71.00 54.50 37.15 20.50 2.50 
Cassava root meal• 15.00 30.00 45.00 60.00 
Soybean meal 18.00 18.00 18.00 18.00 18.00 
Fishmeal 9.15 10.65 13.00 14.65 17.65 
lodized salt 0.50 0.50 0.50 0.50 0.50 
Tricalcium phosphate 1.00 1.00 1.00 1.00 1.00 
Vitamin premixb 0.05 0.05 0.05 0.05 0.05 
Mineral mix• 0.25 0.25 0.25 0.25 0.25 
Antibioticsd 0.05 0.05 0.05 0.05 0.05 

Calculated analysis 
Protein (% ) 18.09 17.91 18.09 17.98 18.04 
Dig. energy (kcal/ kg) 3475 3506 3534 3566 3589 
Calcium ( o/c: ) 0.90 0.98 1.1 0 1.19 1.36 
Phosphorus ("(;) 0.75 0.84 0.74 0.73 0.76 
Vitamin Ae (IU/ kg) 2500 2500 2500 2500 2500 
Vitamin o,e (IU/ kg) 500 500 500 500 500 
Vitamin Bu1 (mcg/ kg) 16.05 17.37 19.44 20.89 23.53 

•contains 70 ppm HCN. 
bpfizer swine medicated premix. 
•Biostock (ST5) I.C.I. 
dPro-strep '60' M.S.D. 
tAmount, provided by thc additio n of vitamins only. 
rAmount, provided by vitamin premix plus fishmeal, which contains 88 mcg vitamin B.,/kg fishmeal. 

Cassava has been used as a feedstuff for live­
stock and provides a major source of energy 
for swine in the Philippines, Africa, Latín 
America, and Malaysia. Numerous experi­
ments have shown that cassava could serve as 
an inexpensive source of cncrgy for pigs. How­
ever, results have been variable. A number of 
reports indicate that largc amounts of cassava 
in various forms have been fed to swine with 
satisfactory results and with no cvidence of 
cyanide toxicity; however. others have found 
reduced gains as the leve) of cassava in the 
swine diet was increascd. 

There is no doubt that the differences could 
be due to genetic variation of HC N content, 
the kind of proteins included, the physical 
quality of the rations ( whether pelleted , 
coarsely ground, or finel y ground) , as well as 
the method of processing the cassava. 

In this investigation well dried cassava chips 
with only 70 ppm H CN were used as a carbo­
hydrate base to replacc corn. High qualit y 
protein was incorporated into thc diets with 
the cassava. 

Experimental Procedure 
Thirty Landrace pigs averagiog 14.6 kg were 

randomly assigned by weight and sex to five 
dietary treatments. The treatments were a basal 
corn-soybean-fishmeal diet and the basal plus 
four graded levels of cassava at 15, 30, 45, and 
60% . Ea eh treatment consisted of six pigs in 
two replicates of three. The a nimals were fed 
with isonitrogenous diets of 18% protein until 
thcy reached 50 kg, after which the leve) of 
protein was reduced to 16% . The composition 
of the diets is prescnted in Table l . 

Feed and water were given to the pigs ad 
libitum. Weight gains and feed consumption 
were recorded weekly a nd a ll data were sub­
jected to analysis of variance. Each pig was 
slaughtered as it rcached a weight of approxi­
matcly 70 kg. The carcasses were chillcd at 
O ·e for 48 h after which records of carcass 
shrink were noted, length measured from the 
anterior edge of the first rib to the anterior edge 
of thc a itchbonc, backfat thickness taken at 
first rib , kidney a nd last lumbar positions and 
lo in eye muscles were traccd out at the fourth 
rib and second lumbar sections. Samples of 
liver, meat, and fat were collected and stored 
in a freezer at -43 •c. The liver and meat 
tissues were then ground and dried in a vacuum 
oven at 35 ·e for 24 h for proximate analysis. 
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Results 
There were no significant differences in 

average daily gain, feed intake, and feed effi­
ciency in pigs fed different cassava leve[s. 

The number of days taken by the animals to 
reach the 70 kg weight for all treatments was 
not significantly different, nor were the dressing 
percentage and percentage of shrink of all the 
pigs. However, the pigs on the control diet 
showed lower percentage shrink than the pigs 
on the cassava dicts. The loin eye area of all 
pígs measured at the second lumbar position 
showed no significan! difference among treat­
ments, whereas the loin area taken at the fourth 
rib region showed sígnificant difference (p < 
0.05) for carcasses from the different treat­
ments. The pigs fed the control ration bad a 
bigger loin eye area than those on the other 
rations. The Ioin eye area decreases with in­
creasing cassava leve!. 

Data of haematocrit, crude protein, crude 
fat and moisture of the meat and Jiver tissues, 
and the iodine number of the backfat were col­
lected. There was no significant difference in 
the haematocrit values taken from all the pigs. 
The results of the proximate analysis of the 
meat and liver showed no significan! difference 
in moisture, dry matter crude protein, or in the 
dry matter crude fat content among the treat­
ments. Although there was a decreasing trend 
in the iodine number values of backfat as cas­
sava increased, the dífference was not signifi­
cant. 

Discussion 

The results of this tria) have indicated clearly 
that cassava root mea) can be used as a main 
carbohydrate source in pig rations without de­
pressing their performance. No depression in 
growth rate, feed intake, or efficiency of feed 
conversion was observed in pigs fed cassava 
levels as high as 60%. Similar observations 
have been recorded by others. It has been ob­
served that cassava has a beneficia) influence 
on the quality of pork, and Castillo et al. 
(1963) found that carcasses, vitamin A in 
plasma and Iiver , as well as backfat thickness 
of pigs fed diets with and without cassava did 
not vary appreciably. Maner and Gómez 1973, 
using weanling pigs weighing 18.1 kg, found 
no difference between pigs fed a basal corn 
diet and pigs fed raw chopped cassava in com­
bination with a well fortified protein supple-

ment given ad libitum. Aumaitre (1969), 
Zausch et al. (1968) , and Woodman et al. 
( 1931) showed further that cassava improved 
the digestibility of organic matter. 

On the other hand, Henry ( 1971) proved 
that substítuting maize starch by cassava mea! 
(57% of the total ration) caused a marked 
depression in weight gain and efficiency of feed 
conversion, and a Iowering of the apparent 
digestibility coefficients of energy and protein. 
Such a depression in performance resulting 
from feeding cassava has been observed by 
others, and it has been found that this depres­
sion can be overcome by the addition of 
methionine. HCN may be the toxic factor de­
pressing the performance of the animals. 

Hill ( 1973) cautioned that inferior gains by 
diets high in potentially cyanogenic plant ma­
t erial cannot necessarily be attributed to HCN 
ingestion. Thus, while methionine supple­
mentation improves performance of pigs fed 
high cassava levels, it may exert its effect in 
correcting methionine deficiency per se, due 
to the use of poor quality proteins or as a 
source of readily available sulfur for cyanide 
detoxication. However, the possibility of HCN 
cannot be disregarded. HCN may be a con­
tributing factor to scouring. Coursey ( 1973) 
indicated that 50-100 ppm HCN in cassava 
tubers was moderately poisonous. Thus, the 
variety of cassava used in feeding trials should 
be very clearly specified . Certain varieties may 
be much more toxic than others and this may 
account for the contradictory results obtained 
by many workers. In this tria! where cassava 
containing 70 ppm HCN was used, no evidence 
of HCN toxicity was observed. It is thus pos­
sible that a level of 42 ppm HCN (where 60% 
cassava was used) can be tolerated by growing 
pigs. 

On the other hand, this tria! m ay just sup­
port the statement made by Maner and Gomez 
( 1973) that depression caused by consumption 
of cassava mea! can be overcome by the utiliza­
tion of high quality protein. In this experiment, 
the increase in percentage of cassava replace­
ment from coro was accompanied by íncreas­
ing levels of fishmeal to keep all the diets 
isonitrogenous. This is a variation from the 
previous experiment by Hew and Hutagalung 
( 1972) where animal protein was kept con­
stant while vegetable protein was increased 
with increasing cassava inclusion. They found 
reduced gains in the high cassava diets that 
were corrected by addition of methionine and/ 
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or palm oil plus glucose. Contrary to their find­
ing, cassava inclusion in this experiment had 
no etfect on the performance of the pigs. The 
variation in results may be due to the source of 
cassava used and thus to the amount of HCN 
present. The use of a higher quantity of fish­
meal may have improved the protein quality of 
the feed and thus supported better growth. 
Also fishmeal is a rich so urce of vitamin B1 2 , 

which may contribute to the detoxication pro­
cess. There is evidence that h ydroxocoba la min 
plays an active role in cyanide detoxication, 
where the hydroxocobalamin takes up the 
cyanide avidly to form harmless cyanoco­
balamin. With excess vitamin B12 to carry out 
this function it is possible that the methionine 
may not be needed in the detoxication process. 

Thus cassava, when innocuous, is a good 
source of energy for pigs. The low fibre content 
and h igh energy in cassava makes it a valuable 
source of feeds tutf. Jt has been shown that cas­
sava improves the digestibility of organic mat­
ter. In this experiment, the 60% cassava diet 
had a digestibility value of 80.59 % , whereas 
the control had 80.86% . The moisture content 
percentage of the faeces from pigs fed 60% 
cassava was 64%, whereas that of the corn 
control was 68 % . Thus cassava did not appear 
to atfect digestibility adversely although Muller 
et al. ( 1972) observed wetter faeces in pigs on 
high cassava diets and attributed it to the 
lower amylase content in cassava. Because 
HC N may be a contributing factor affecting 
scouring, it may be possible that scouring oc­
curs if the pigs are fed cassava mea! high in 
H CN. 

The haematocrit values gave no significan! 
ditference among treatments. This confi rms 
that the HCN has not exerted its effect on the 
haemoglobin leve!. The treatments did not 
have any effect on the dressing percentage and 
backfat thickness of the pigs. Castillo et al. 
(1963) al so did not find a ny in crease in back­
fat thickness due to use of cassava root mea!. 
This is expected as cassava contains about the 
same energy content as corn a nd with the same 
rate of gain for all the pigs, there is no reason 
to expect a thicker backfat for the h igh cassava 
diets. Loin eye taken at the second lumbar 
region did not show any difference in cross­
sectional area; however. that taken at thc 
fourth r ib showed a significan! difference. Pigs 
fed higher cassava appeared to have a smaller 
loin eye a rea. Hutagalung et al. ( 1973) showed 
smaller loin eye area with increasing cassava 

content of diet and suggested that pigs fed cas­
sava diets ha d neither adequate nor proper dis­
tribution of total protein intake to support 
maximum dcvelopment of lean tissues, regard­
less of the energy content. The percentage 
shrink of the carcasscs was not significantly 
different although control carcasses have defi­
nitely lower percentage shrink than al! the 
other carcasscs. The iodine number also ap­
peared to dccreasc in the fats of pigs fed in­
creasing levcls of cassava. This may indicate a 
differencc in saturation in the fat of pigs fed 
differcnt levcls o f cassava. Other than these 
two factors, there did not appear to be any 
negative influence of cassava on carcasses and 
meat q ual ity of pigs. 

Cassava mea!, when well processed, can be 
innocuous and well tolerated by pigs. It serves 
as a good energy source and the performance 
and carcass characteristics of the pigs depend 
very much on the composition of the whole 
ration. Cassava can be used as a main source 
of carbohydrate as long as the amino acid and 
mineral requirements a re compounded with 
care. 

The authors wish to thank Loh Wan Loy for 
statistical ana1ysis. Special thanks are due lo the 
junior research assistants. Nantha Kumaran, 
Balasubramanium and S. Poovan for their un­
failing assistance in carrying out the tria!. We are 
a1so indebted to the late Kassim l smail who was 
a helpful consultan!. 
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Use of Cassava as a Food Supplement for Broiler Chicks 
Sarote Khajarern and Jowaman M. Kbajarern 

Two experiments were conducted to determine the substitutional value of cassava for 
corn in broiler rations. One-day-old Arbor Acres broiler cbicks were used. In the first 
experiment, no significan! ditferences in body weight gain and feed conversion were noted 
for chicks receiving O, 7.5, 15, 22.5 and 30% substituted cassava pellets. However, in 
experiment 2, significantly poorer body weight gain and feed conversion (p < 0.05) were 
noted during 1-5 weeks of age wben the rations contained O, 10, 20, 30, 40 and 50% 
cassava root meal. It was also noted that body weight gain was not depressed until the 
rations contained more than 30% cassava root meal. The ability of chicks to utilize cassava 
root meal increased with age. Results indicated that, during 5-9 weeks of age and 1-9 
weeks of age, there were no significan! dífferences observed on body weight gain and feed 
conversion when the concentration of cassava root mea! increased in the rations. Limiting 
factors in maximum replacement and economic feasibility in substituting cassava products 
for corn were: fibre and protein contents; prices of cassava compared to those of fish 
mea! and soybean meal. 

Cassava is Thailand's third major export 
crop next to rice and corn. More than 90% of 
the nation's cassava root products, approxi­
mately 2.4 million tons, is exported annually. 
The balance is eaten locally, mainly as flour. 
The Thai Tapioca Trade Association reported 
that Thailand exported a total of 1.1 million 
tons of tapioca pellets during the first 6 months 
of 1975, valued at 1976 million baht (approxi­
mately US$ 100 million), while 55 000 t of 
tapioca flour ( 137 mi Ilion baht, US$ 7 mil­
lion) was exported during the same period. 

Animal Science Department, Faculty of Agri­
culture, Khon Kaen University, Khon Kaen, 
Thailand. 

Meanwhile, there has been a surplus of nearly 
100 000 t of tapioca flour since early 1975 that 
resulted from a cut in imports by Japan of 
more than 200 000 t in 1973-74 to merely 
90 000 t during 1975. Therefore, the economy 
of cassava growers in Thailand is almost totally 
dependent on exports. 

Cassava root products are sold on the free 
market in Thailand and prices are totally regu­
lated by supply and demand. Cassava growers 
sell their fresh root directly to the chip-drying 
agencies in the field, at the price set by the 
latter. Cassava chips and pellets are then pre­
pared, and are exported mainly to EEC coun­
tries. Since cassava importing countries are 
limited, more of cassava and its products need 
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Table l . Composition of experimental diets• (experiment 1 ). 

~ of cassava pelleted in the diets 

lngredients o 7.5 15.0 22.5 30.0 

Com,yellow 30.00 22.50 15.00 7.50 
Rice bran 25.50 25.00 24.00 23.00 22.00 
Fish meal 8.00 9.00 10.50 11.50 13.00 
Peanut meal 8.00 8.00 8.00 8.00 8.00 
Soybean mea! 20.00 20.00 20.00 20.00 20.00 
Salt (NaCI) 0.25 0.25 0.25 0.25 0.25 
Bone meal 2.00 1.50 1.00 1.00 0.50 
Metbionine (10% ) 2.50 2.50 2.50 2.50 2.50 
Dried yeast 1.00 1.00 1.00 1.00 1.00 
MgCO a ( 18% ) 0.75 0.75 0.75 0.75 0.75 
Leucaena glauca leaves 2.00 2.00 2.00 2.00 2.00 
Cassava pellet 7.50 15.00 22.50 30.00 
Proteín analysis ( % ) 24.3 25.7 25. 1 25.6 25.5 
ME (Mcal/kg) 3.24 3.24 3.24 3.23 3.24 
Ca(%) 1.1 3 1.08 1.06 1.12 1.10 
p (% ) 0.76 0.75 0.70 0.70 0.67 

•All experimental diets wcre supplemented with vitamins and minerals as described by NRC (1971). 

to be tested for local use as livestock and 
poultry feedstuff to help the cassava growers, 
especially in the northeast. 

The chemical composition of cassava root 
meal has a higher level of nitrogen-free extrae! 
(82% ) than corn (72% ) but the leve) of pro­
tein and fat are lower than corn (Oison et al. 
1969a). Hutagalung et al. (1973) reported 
that cassava root mcal is low in practically all 
nutrients including protein (2.3 % ) , fibre 
(2.7 % ) , ash ( 1.6% ) , and fat (1.2 % ) , but it is 
high in carbohydrate ( 81.2% ). M in eral con­
ten! is also low, particularly in copper and zinc 
which could not be detected. 

Earlier findings have shown that cassava 
root meal is a satisfactory replacement for corn 
in chicks ( Enriquez and Ross 1967; Olson et 
al. 1969b; Muller et al. 1971 ; Chou and Muller 
1972; Hutagalung 1972; and Hutagalung et al. 
1973). M uller and Chou ( 197 1 ) reported that 
there were no significan! differences in growth 
rate, feed consumption, feed per gain ratios 
and mortality rate for chicks receiving O, 20, 
30, 40, 50, and 58% cassava pcllet. Hutagalung 
et al. ( 1973) found similar results to those of 
Muller and Chou ( 197 1) when they fed broiler 
diets containing O, 20, and 40% cassava root 
mea l. 

Experimental Procedure and Results 

Seven-day-old Arbor Acres mixed sex chicks 
were used in all experiments. In the course of 

the preparation pcriod ( 1-7 days of age) a 
diet consisting of a blended mixture of all ex­
perimental diets was fed. Birds were confined 
in concrete ftoor pens using wood-shaving as 
litter. Light and ventilation were adequately 
supplied. Feed and water were consu med ad 
/ibitum in all trials. Daily observations were 
made to ensure that adequate feed and water 
were avai lable for each pen. Weight gain and 
feed consumption wcre recorded at 4 and 8 
weeks of age for experiment 1 and every week 
for expcriment 2. At the end of the experiments 
the chicks were not fed f or 24 h and were then 
killed. The dressed carcasses were weighed and 
graded using the Rice and Botsford (1956) 
and Parnell ( 1957) system. 

Experiment 1 
After the preparation period, the 127 chicks 

were randomly distributed into 5 treatments of 
12 chicks on the basis of body weight, equal­
izing both mean weight and weight distribution 
between the groups. Each experimental diet 
was fed to duplicate pens of chicks from 1 to 8 
weeks of age. The composition of the experi­
mental díets is shown in Table J. The average 
weight gain and feed conversion a re sum­
marized in Table 2. The effect of increasing 
graded levels of cassava pellets caused no 
significan! differences on weight gain and feed 
conversion among comparative treatments. 
This agrees with the works of Enriquez and 
Ross (1967), Olson et a l. (1969a), Muller et 
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Table 2. Average weight gain and feed conversion (experiment 1). 

Average weight gain Feed conversion 

Cassava 
(g) (g feed/g gain) 

pellet I-4wk 4- 8wk l-4wk 4-Bwk 

o 423 1019 2.04 2.41 
7.5 468 1062 1.98 2.45 

15.0 460 1015 2.00 2.57 
22.5 476 1035 1.67 2.51 
30.0 465 1009 1.87 2.55 

Table 3. Composition and calculated analysis of diets (experiment 2). 

Constituents 2 

Ground corn 56.7 42.8 
Soybean mea! (me) 37.0 39.4 
Fish mea! 3.0 3.0 
Cassava root mea! 10.0 
Mineral supplement 2.3 2.3 
Microingredients 1.0 l. O 
Fat (feed grade) 1.5 

Calculated Analysis 
Crude protein (~() 22.13 22.15 
Crude fat ('lo) 5.16 6.28 
Crude fiber (% ) 3.34 3.65 
Nitrogen free extract (% ) 51.77 50.03 
Ash (S{; ) 6.5 6.91 
ME (Mcal/ kg) 2.84 2.83 
Ca (7c) 1.05 1.07 
p (o/é) 0.79 0.78 

al. (1971) and Hutagalung et al. (1973) who 
showed no significant differences on weight 
gain and feed conversion with graded levels of 
cassava root mea) in the diets. 

Experiment 2 
Seven-day-old Arbor Acres mixed sex 

broiler chicks were used to study the replace­
ment of cassava root meal for corn in broíler 
rations. After a preparation period, the chicks 
were randomly divided into six treatmcnts, 
each treatment subdivided into four replica­
tions, each having 25 chicks. The composi­
tion of the experimental diets is shown in Table 
3. 

The summary of the average weight gain 
and feed conversion is given in Table 4. As was 
anticipated from the data, there were statisti­
cally significant differences for weight gain and 

Treatments 

3 4 5 6 

29.5 17.6 6.6 
41.5 41.0 41.0 33.5 

3.0 4.5 6.0 11.0 
20.0 30.0 40.0 50.0 
2.0 1.9 1.4 0.5 
l. O l. O 1.0 1.0 
3.0 4.0 4.0 4.0 

22.11 22.06 22.38 22.16 
7.26 7.75 7.39 5.91 
3.92 4. 13 4.39 3.31 

48.72 42.69 45.20 49.58 
7.01 7.50 7.53 6.50 
2.81 2.80 2.77 2.80 
0.98 1.06 1.00 1.04 
0.73 0.74 0.71 0.69 

feed conversion during 1-5 weeks of age. ln­
creasing levels of cassava root mea! in the diet 
showed a tendency towards poorer weight gain 
and feed conversion; however, body weight 
gain was not significantly depressed until the 
ration contained above 30 % cassava root meal. 
The ability of chicks to utilize cassava root 
meal increased with age. The results from this 
experiment indicated that, during 5-9 weeks 
of age and 1-9 weeks of age, there were no 
significant differences observed on weight gain 
and feed conversion when the concentration of 
cassava root mea! increased in the diets. There 
was, however, a reduction trend in weight gain 
of chicks fed a diet containing 40 and 50% 
cassava root meal during 5-9 weeks of age and 
1-9 weeks of age, respectively. The decline in 
gain and poor feed conversion of chicks from 
feeding high levels of cassava root mea! may 



KHAJARERN AND KHAJARERN: CASSAVA SUPPLEMENTS FOR CHICKS 249 

Table 4. Average weight gain and feed conversion (experiment 2). 

Cassava 
Average weight gain Feed conversion 

(g feed/g gain) 
rootmeal 

(g) 

% l-5wk 5-9 wk l- 5wk 5-9wk 

o 766a 
10 746a 
20 761a 
30 732a 
40 695b 
50 714ab 

1002 
1044 
1032 
972 

1006 
933 

2.06a 
2.10a 
2.12a 
2.15ab 
2.23b 
2.18ab 

3.16 
3.05 
3.10 
3.19 
3.13 
3.33 

Numbers fol\owed by different letters are significantly different (p < 0.05) from 
other numbers in that column. 

be dueto physical form, palatability, and nutri­
ent density of the diets. Our results support 
Hutagalung et al. (1973) who reported that the 
effect of increasing levels of cassava root meal 
caused a growth depression and poorer feed 
conversion, compared to the control diet. 
Weight gain and feed conversion of chicks fed 
root diets were not significantly different from 
those of the basal group, although there was a 
reduction trend in gain of chicks fed a diet 
containing 40% cassava root meal. 

Only five birds died during the experiments, 
the cause of death being unrelated to the tox­
icity of the cassava root meal. Earlier findings 
show that cassava root meal is a satisfactory 
replacement for corn in chicks with no evi­
dence of HCN toxicity (Enriquez and Ross 
1967; O!son et al. 1969b; Muller et al 1971 ). 

Although much work had been done in 
feeding cassava root mea! to chickens, there 
was little information available on the inftu­
ences of cassava diets on carcass quality at time 
of marketing. There was no indication that 
different diets containing graded levels of cas­
sava root mea! exerted any consisten! effect on 
either carcass grade or dressing percentage of 
broilers. 

Discussion and Conclusion 

Graded Ievels of cassava pellets in broiler 
diets ( experiment 1) caused no significan! dif­
ferences in weight gain and feed conversion 
during 1-4, 4-8, and 1-8 weeks of age. These 
results agree with those of Enriquez and Ross 
(1967), Olson et al. (1969a), Muller et al. 
( 1971 ), and Hutagalung et al. ( 1973). Higher 
graded Jevels of cassava root mea) in the diet 
(experiment 2), however, depressed weigbt gain 

and cfficiency of feed conversion during 1-5 
weeks of age, although methionine and energy 
content had been corrected as suggested by 
other workers ( Ross and Enriq uez 1969; 
Hutagalung 1972). The literature shows no 
general agreement on cassava root meal utiliza­
tion by chicks. Enriquez and Ross ( 1967), 
Olson et al. (J 969a) , and Muller et al. 1971) 
showed that cassava root meal was a satisfac­
tory replacement for corn in chicks with no 
evidence of HCN toxicity. On the other hand, 
Vogt ( 1966) concluded that the growth de­
pression was observed when 20 or 30% cas­
sava was fed to broilers. 

The ability of chicks to utilize cassava root 
mea! increased with age. Results from experi­
ment 2 indicated that during 5-9 and 1-9 weeks 
of age there was no significan! difference ob­
served in weight gain and feed conversion, 
when the concentration of cassava root meal 
in the diet increased. 

When the broiler diet was balanced with re­
spect to protein, energy and methionine, cas­
sava products ( pellets and root me al), at a 
level of 30% of the diets, satisfactorily re­
placed corn during 1- 5 weeks of age. 

Cassava root mea! can fully replace corn at 
a leve! of 50 % of the diet during 5-9 weeks of 
age. 

The ability of broilers to utilize cassava root 
mea! increased with age. 

Graded levels of cassava root meal for re­
placement of corn did not exert any effect on 
carcass grade and dressing percentage at 9 
weeks of age. 

Limiting factors in maximum replacement 
and economic feasibilit y of cassava root for 
corn were fibre and protein content, the prices 
of cassava and corn, and protein supplements 
such as fisb meal and soybean meal. 
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Protein Enrichrnent of Cassava by Fermentation with 
Microfungi and the Role of Natural Nitrogenous Supplements 

G. Varghese, J. J. Thambirajah, and F. M. Wong1 

Attempts to produce protein-enriched cassava for animal feed by salid state ferm en­
tation with selected local strains of Rhizopus, Aspergil/us, and Neurospora showed that 
protein levels of the fe rmented products did not exceed 3%. Beca use tbis val u e is low for 
animal feed, the abili ty of natural nitrogenous supplements to increase microbial activity 
was tested. Supplementation with 35% chicken dung incrcased protein levels lo 8-10.5 % 
and with soybean, groundnut. and pineapple bran at 25 %, the protein levels were 40, 
10, and 7%, respect ively. In combination with chicken dung ( 12.5 + 12.5%) the pro­
tein values varied between 8 and 18% for soybean, 8 and 10% for groundnut. and 5 and 
7% for pineapple bran. Tbe resulls indicated tbat supplementation increased fermentation 
efficiency and contributed to higher protein values. 

A procedure for solid state fermentation of cassava with natural nitrogenous supple­
ments has been developed as a fi rst stage toward the design of a pilot plant for continuous 
production of the material. 

Due to the increase in price and demand for 
a nimal feed by an expanding livestock indus­
try, Malaysia is currently spending more on 
feed imports. Therefore, there is a need to pro­
duce more animal feed locally. lt is in this con­
text that cassava may h ave scope for large scale 
expansion. The ease by which the crop can be 
grown from cuttíngs on a wide range of soil 
types makes ít a crop suítable for immediate 
expansion. In line with this a number of 

lFaculty of Agriculture, University of Malaya, 
Kuala Lumpur 22-11, Malaysia. 

"estate type" cassava plantíngs a long with pro­
cessing plants have been recently established 
in vario us parts of the country through govern­
ment-aided schem es. 

N utr itionally, cassava tubers provide mainly 
carboh ydrates and sorne useful am ounts of cal­
cium and vitamin C to the diet ( Wood 1965). 
The protein lcvels are however low and vary 
according to moisture content and varieties 
grown. T he average is usua lly in the regían of 
1.3 % (Oke 1968, Sundhagul 1972) . However, 
in Asía and Africa cassava has been tradí­
tionally enríched by microbíal fermentation. 



VARGHESE ET AL. : PROTEIN ENRICHMENT OF CASSAVA 251 

In Nigeria, the fermented cassava "gari," which 
is a staple food, is produced by a two-stage 
fermentation with Corynebacterium sp. and 
Geotrichum candidum (eo\lard and Levi 
1959). In South East Asia cassava is usually 
mixed with peanut cake and fermented with 
Rhizopus and N eurospora and sometimes 
boiled tubers are inoculated with Saccharo­
myces sp. to produce various forms of food for 
human consumption. Recently, considerable 
interest has been shown in using cassava as an 
animal feed and also in protein enrichment of 
cassava by microbial fermentation. The Tropi­
cal Products Jnstítute (London) has developed 
a microbial method for raising the protein leve) 
of cassava to 4% wíth mínima) additives (Wool­
len 1967) . So lid state fermentatíon of cassava 
with Rhiw pus spp. íncreases proteín levels to 
3.4% (Yeang 1973) , and wíth certaín selected 
strains up to 4% (Sprung 1974). 

While all the above mentíoned reports point 
out the feasíbílíty of cassava enrichment by 
microbíal fermentatíon, they also serve to 
confirm that the proteín levels so far attaíned 
by thís method are ínadequate for animal feed. 
Therefore, there is a need to raíse proteín levels 
of the fermented product, possibly by the use 
of selected microorganisms that have a higher 
carbohydrate-to-proteín conversíon ratio and 
through the íncorporatíon of necessary sup­
plements and additives in small amounts to 
augment fermentation efficíency. 

In the present study the authors ha ve isolated 
microorganísms from cassava tubers and prod­
ucts and screened selected strains for their pro­
tein-enríchment abilíty. In addítion, the role of 
local natural nítrogenous supplements such as 
chícken dung, pineapple bran, groundnut, and 
soybean, alone and in combínatíon wíth 
chicken dung. was assessed. A procedure of 
solid state fermentation of cassava by micro­
fungi to produce fermented cassava for animal 
feedíng trials was developed. 

Materials and Methods 

eassava tubers, chips, and other products 
were collected from processíng centres in varí­
ous parts of Malaysía. Microorganisms growing 
naturally on these substrates were isolated by 
the followíng techníques. 

( 1) Tapioca chips were washed continuously 
in running water and particles were removed 
at 1-h intervals for 3 h and the washed particles 
were plated on malt agar plates incorporated 

wíth Rose Bengal, and on nutrient agar plates. 
Organísms originating from the plated particles 
were isolated and grown in pure cultures on 
patato dextrose agar for fungi and on nutrient 
agar slants for bacteria. 

( 2) Tapioca products that were in semi­
salid state were díluted initially to 1:1 O and 
subsequently serially into 1 oa and 104 dilu­
tíons. These dílutions were plated on patato 
dextrose agar and nutrient agar plates and 
organísms ísolated were grown in pure cultures 
as in the previous case. 

(3) Small píeces (2 mm2) were removed 
from the tubers and chips. sterílízed in 0.2% 
mercuríc chloride solution, washed in sterile 
distílled water, and transferred directly on to 
plates containíng malt agar íncorporated with 
Rose Bengal and nutrient agar. The organisms 
arísíng from the pieces were subsequently 
ísolated as in the previous cases. 

Fermentation Trials 
To screen the organisms for their relative 

efficiency in protein enrichment of cassava, 
fermentation tests were carried out in the fol­
lowing manner. One hundred grams of tapioca 
chips with 100 mi of water were sterilízed for 
15 m in at 1.06 kg/ cm2 pressure in 500-ml jam 
jars. Subsequently they were ínoculated wíth 1 
mi spore suspensions of the respective test or­
ganisms, adjusted to a final count of 4 x 101 
spores/ mi, by usíng a haematocytometre. The 
jars were incubated in líght at room tempera­
ture ( 28 •e ± 2 ·e). After allowíng for a 
fermentation time of 48 or 72 h, depending on 
the organisms, the fermented cassava in the 
jars was dried at 1 00 ·e for 24 h and ground 
to a powder for subsequent physícal and 
chemical analyses. 

Similar ·fermentation tests were also carried 
out in the case of cassava supplemented with 
chícken dung, pineapple bran, groundnut, and 
soybean, alone and in combínation. 

Moísture contents of the ground product and 
proxímate analyses for crude protein, crude 
fibre, crude fat , and ash were carried out ac­
cording to AOAC procedure (1965). 

Procedure for Solid State Fermentation of 
Cassava 

The procedure developed for salid fermenta­
tion of cassava for feeding trials consisted of 
the following steps: ( 1) cassava chips ( com­
mercial) were steamed for 5 h in steaming 
boxes (2.5 kg/ box) and left overnight for cool-
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Table l. Proximate analysis of cassava fermented with microfungi compared with 
nonfermented cassava and chicken dung. 

Fermenta-
Proximate analysis (<() 

tion time Crude Crude Crude 
Microorganism Substrate (h) Moisture protein fat fil)re Ash 

Rlrizopus I Tapioca 48 8.47 3.06 0.84 2.39 1.64 
Rhizopus li Tapioca 48 9.64 3.39 1.75 3.22 1.76 
Neurospora l Tapioca 48 9.61 2.68 0.78 2.00 1.78 
Aspergillus 1 Tapioca 72 9.61 2.88 0.58 l. 71 1.81 
Aspergillus li Tapioca 72 12.69 2.94 0.93 1.76 1.96 
Aspergillus lll Tapioca 72 10.34 2.88 0.54 1.64 2.00 
nil 100% tapioca nil 11.85 2.54 0.77 1.24 1.73 
ni! 100% chicken dung nil 12.28 31.68 2.47 7.18 42.20 

Table 2. Proximate analysis of fermented cassava supplemented with chicken dung. 

Substrates (% ) 
Fermenta-

Tapioca Chicken tion time 
Microorganism chips dung (h) 

Rhizopus I 65 35 48 
Rhizopus Il 65 35 48 
Neurospora 1 65 35 48 
Aspergi/lus 1 65 35 72 
Aspergillus 11 65 35 72 
Aspergillus 111 65 35 72 

ing; (2) steamed cassava was transferred into 
fermentation trays 60 X 60 cm and inoculated 
with a 100 mi spore suspension per tray of 
Rhizopus or A spergillus (spore count adjusted 
to 4 X 107 spores/ mi); ( 3) inoculated cassava 
in the fermentation trays was transferred to 
fermentation cabinets, maintained at room 
temperature and at a relative humidity at 
saturation point, and incubated for 48 h for 
Rlrizopus and 72 h for Aspergillus; ( 4) the 
fermented product was dried and ground to a 
fine powder and stored in bins for feeding 
trials; and (5) the Rhizopus-fermented prod­
uct was designated as R35 and A spergillus­
fe rmented product was designated A35, the 
letter denoting the fermenta ti ve agent ( organ­
ism) and the number denoting the percentage 
supplementation with chicken dung. 

Results 

From the microorganisms isolated from cas­
sava tubers and products those belonging to 
Aspergillus, N eurospora, and Rhizopus were 
subsequently used for solid state fermentat ion 
trials. 

Proximate analysis (e é) 

Crude Crude Crude 
Moisture protein fat fibre Ash 

5.51 8.31 0.94 4.35 10.59 
5.85 7.88 2.33 6.80 11.29 
5.36 8.75 3.91 5.50 9.24 
5.76 10.49 1.62 5. 15 8.81 
5.68 8.75 1.89 5.82 8.71 
5.86 8.31 2.32 5.44 8.68 

The resul ts of the fermentation trials, with 
the selected species of organisms, showing 
proximate a nalysis for crude protein, crude fat, 
crude fibre, and ash of fermented cassava coro­
pared with those of nonfermented cassava and 
chicken dung are presented in Table l. Similar 
results of fermentation trials of cassava sup­
plcmcnted with 35% c hicken dung a re given in 
Table 2. The results of fermentation with 25 % 
supplementation of pineapple bran, groundnut, 
and soybean, alone and in combinatíon wíth 
chic ken dung ( 12.5 + 12.5 % ), are shown in 
Tab le 3. 

Following the procedure outlined earlier we 
are now producing Rhizopus-fermented cas­
sava with 35 % supplementation of chicken 
dung (R35) at the rate of 300 kg/ week and 
also Aspergil/us-fermented product with 35% 
supplementation of chicken dung (A35) at the 
rate of 150 kg/ week. These fermented prod­
ucts are being used for feed trials on poultry 
and pigs. However, based on the results of pre­
liminary feeding trials in poultry we a re now 
reducing chicken dung supplementation to 
25%. Currently, we are also in the process of 
designing a pilot plant for continuous produc­
tion of the fermented product. 
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Table 3. Proximate analysis of fermented cassava supplemented with pineapple bran, groundnut, and 
soybean alone and in combination with chicken dung. 

Substrates (% ) Fermen- Proximate analysis (% ) 
tation 

Tapioca Chicken time Moisture Crude Crude Crude 
Microorganisms chips dung Balance (b) protein fat fibre Ash 

Pineapple bran 
Rlrizopus 1 75 25 48 6.21 4.09 0.20 6.35 4.32 

75 12.5 12.5 48 6.66 6.7 1 1.29 6.47 7.93 
Rhizopus 11 75 25 48 6.66 4.30 1.85 6.16 4.14 

75 12.5 12.5 48 5.94 7.57 2.42 6.87 7.5 1 
Neurospora 1 75 25 48 5.18 4.22 3.46 6.70 4.35 

75 12.5 12.5 48 6.06 7. 17 2.75 6 .92 6.96 
Aspergil/us l 75 25 72 5.62 3.83 1.35 5.60 4 .22 

75 12.5 12.5 72 5.71 6.62 0.69 5.53 8.00 
Aspergil/us 11 75 25 72 15.28 5.55 0.42 6.76 6.72 

75 12.5 12.5 72 14.38 6. 18 0.84 6.13 6.66 
Aspergi/lus IIl 75 25 72 19.00 4.77 0.37 7.36 6.50 

75 12.5 12.5 72 11.47 5.35 1.17 6.61 10.23 
Groundnut 

Rlrizopus 1 75 25 48 3.49 10.42 8.90 4.03 13.20 
75 12.5 12.5 48 3.48 10.67 10.10 5.43 10.78 

Rlrizopus II 75 25 48 3.11 10.34 10.23 3.95 9.11 
75 12.5 12.5 48 3.14 9.01 8.63 4.20 10.43 

Neurospora 1 75 25 48 2.83 8.72 9.32 5.05 11 .52 
75 12.5 12.5 48 2.79 9.33 8.90 5.17 11.92 

Aspergillus 1 75 25 72 2.77 9.57 9. 13 5.46 10.58 
75 12.5 l2.5 72 2.59 10.53 12.03 4.86 10.65 

Aspergi/lus 11 75 25 72 2.56 10.33 9.64 3.05 5.34 
75 12.5 12.5 72 3.99 9. 13 7.5 1 4.65 12.39 

Aspergi/lus Ili 75 25 72 3.21 8.65 6.53 3.89 8.82 
75 12.5 12.5 72 3.23 8.43 5.61 5.40 10.04 

Soybean 
Rhizopus 1 75 25 48 2.08 18.45 6.99 5.71 8.02 

75 12.5 12.5 48 2.28 18.03 6.62 6.06 7.79 
Rlrizopus 11 75 25 48 1.40 14.07 8.72 8.07 15.00 

75 12.5 12.5 48 1.37 17.39 9.95 8.10 8.23 
Neurospora 1 75 25 48 5.07 14.45 7.52 4.90 7.66 

75 12.5 12.5 48 2.23 8.99 3.53 6.01 12.55 
Aspergil/us 1 75 25 72 1.94 10.75 4.06 5.98 10.88 

75 12.5 12.5 72 1.79 11.79 4.06 5.79 12.14 
Aspergi/lus 11 75 25 72 1.74 14.85 15.3 1 6.50 5.93 

75 12.5 12.5 72 1.34 13.30 5.97 5.57 13.38 
Aspergillus Ili 75 25 72 1.54 14.3 1 4.89 6 .88 6.93 

75 12.5 12.5 72 1.62 15.38 5.9 1 6.31 6.43 

Discussion uct is free of mycotoxins. We have adopted 
this procedure with regard to our A spergillus-

Rhizopus species are traditionally used in the fermented materials (A35). 
production of "tempeh" and "ontjom," two Direct fermentation of tapioca with A sper-
fermented food products in Southeast Asia. gillus, N eurospora, and Rhizopus increased 
Therefore, from toxicity and acceptance points protein va lues to about 3 % . This is in con-
of view Rhizopus-fermented cassava offers no formity with the values recorded by other work-
serious problems. In the case of Aspergil/us ers (Sprung 1974, Yeang 1973). Because the 
fermentation, the purity of the species must be value is low for animal feed, it is necessary to 
maintained and routine tests for aflatoxin may raise the protein levels of fermented cassava. 
be necessary to ensure that the fermented prod- However the question is, how can tbis be 
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achieved? In our view, the problem may be ap­
proached in the following ways: ( 1) further 
isolation of microorganisms occurring natu­
rally on cassava and its products and screening 
for their efficiency in converting starch into 
microbial protein ; and ( 2) strain improvement 
within species and isolates by s ingle spore 
isolations and possibly by hybridization and in­
duced mutations. 

At present, more attention should be given 
to screening work as this has not been fully 
explo red. Another practica! and immediate 
approach would be to use a nitrogenous supple­
mcnt in small amounts to boost microbial ac­
tivity and thereby increase the ratc of carbo­
hydrate-to-protein conversion. Toward this 
aim, we have tested naturally available nit ro­
genous supplements such as chicken dung, pine­
apple bran , groundnut, and soybcan. Chickcn 
dung is an easi ly available nitrogen source. 
Howevcr, we havc observed that supplementa­
tion with chicken dung above 25% results in a 
high crudc libre and ash content and reduced 
palatability of the fermentcd product. Data 
obtained from preliminary feeding trials sup­
port this observation ( Hutagalung and Tan, 
personal communication). The products (R35) 
could also be Iow in true protcin content and 
may lack certain cssential amino acids. Further 
chemical and physical analyses and feeding 
trials are necessary to fully evaluate the use of 
fermented cassava as animal feed. However, it 
sccms clear that chicken dung supplementa­
tion abovc 25 % is unsuitable and in our opin­
ion this should be further reduced and sub­
stituted by a more edible natural nítrogenous 
supplement. Among the nitrogcnous supple­
ments we have tested , pineapple bran at 25% 
could give an increase in protein levels to 4-
5% and whcn the bran was combined with 
chicken dung (12.5 + 12.5% ) the protein 
leve! in crea sed to about 7 % (Table 3). 
Groundnut has the advantage that it is readily 
availabl e in the region and is highly palatable. 
Supplementation with groundnut at 25 % 
alone, and in combination with chicken dung 
increased protein levels from 8 to 11 % (Table 
3). Supplementation with soybean in similar 
amounts gave the highest protein levels. For 
instance, 25% supplementation with soybean 
raised prote in leve! of ferm ented cassava to 
40% and in combination with chicken dung 
(12.5 + 12.5%) the levels were raised to 11 -
18% depending on the organism used (Table 
3). Soybean supplementation promoted growth 

a nd colonization of substrate by the fermenta­
tive organisms that cause a higher rate of con­
version of starch to protein. 

Thc stratcgy to be adopted would be to in­
corporate in small amounts {12-15% ) a 
palatable nit rogcn source such as groundnut or 
soybean. This is used not as a direct supple­
mentation of the deficient protein in thc fin­
ished product but purely as a booster for in­
creased microbial activity. Deficiencies of a 
specific amino acid such as methionine, or 
vitamin should be directly supplemented as 
these would be required only in minute quan­
tities in the an imal diet. 

Othcr workers (Gregory et al. 1974) ha ve 
explored thc use of A spergillus fumigatus 
( asporogenous mutant) for submerged fermen­
tati on of cassava for the production of single­
cell proteins. However, this may involve more 
sophisticated tcchniques and may not be suit­
able for village-lcvel adoption. We have also 
init iatcd sorne screening trials with tropical 
edible basidiomycetous macrofungi having a 
high er protein content to cvaluate thei r ability 
to enrich cassava. 

We feel optimistic that e nrichment of cas­
sava by microbial fermentation is feasible. Thc 
use of microfungi for fermcntation of cassava 
is n ot new to Africa and Asia; therefore, any 
ncw techniques developed would be accepted 
and could be adapted in a vi llage-level tech­
nology. The fermented cassava may not only 
provide a nimal feed but at a later stage can be 
dcveloped to provide protein cnriched food for 
human consumption. However, a great deal 
more research and evaluation ís necessary be­
forc a suitable product and its technology can 
be launched. 

This study is a part of a researeh projeet on 
1\ficrobiologieal Enrichment ( Malaysia) that is 
carried out at the University of Malaya; the mem­
ber.'> of lhe research leam are: R. Hutagalung; G. 
Varghese; B. H. Webb; and Tan Bock Thiam. 
Financia! support from the International De­
velopment Research Centre (IDRC) is acknowl­
edged. 
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Utilization of Nutritionally lmproved Cassava in Poultry 
and Pig D iets 

R. l. Hutagalung and P. H. Tan1 

Studies related to the improvement of cassava through nutrient supplementation and 
fermentation are discussed. An experiment was carried out to investigate thc etfect of 
substituting maize with increments of fermented cassava on the performance of broíler 
chickens. In addition, the preliminary results of iodine metabolism in pigs fed cassava diets 
are presented. 

Substitution of maize with up to SO% fermented cassava resulted in performance that 
compared favourabl y with the control. Total substitution of the maize component of 
the chicken diet by fermented cassava did not appreciably depress performance. Furtber 
improvement in the protein quality of the fermented cassava and proper supplementation 
with other nutrients will make a significan! contribution to poultry and pig diets. 

One of the most important factors affecting 
the improvement in livestock production is the 
availability of cheap and good quality feed­
stuffs. As population increases faster than food 
production, expansion of existing methods of 
producing plant and animal protein will not 
meet the growing needs. 

In Malaysia, one of thc major problcms con­
fronted by the animal industry is thc shortage 
of local feeds. T hc existing practice of heavy 
dependence on imported feedstuffs will con­
tinue to pose a constraint to the deve lopment of 
the livestock industry. 

One local source that could partially remedy 
this shortage is cassava (Manihot escu/enta 
Crantz) locally known as tapioca or "ubi 
kayu." Cassava has been widely uscd only as an 
cnergy source for poultry and swine feeds be­
cause of its low protein content. 

Although the carbohydrate production of 
cassava exceeds other crops, our findings indi­
cate that its extensive use in poultry and swine 
feeds poses sorne metabolic problems, includ-

1Faculty of Agriculture. University of Malaya, 
Kuala Lumpur 22-11 , MaJaysia. 

ing its low protein, mineral, and vitamin con­
tent, variation in HCN content resulting in 
cyanide toxicity, suspccted goitrogenic sub­
stances causing iodine deficie ncy, reduction in 
availability of certain mineral elements result­
ing in zinc parakeratosis in pigs, low palata­
bility dueto dry texturc, and poor performance 
and lack of skin and egg yolk pigmentation at 
higher leve! of supplementation. These findings 
indicate that the equivalent substitution of cas­
sava with cereals is nut ritionally unjustified. 

Efforts to improve the nutritive value of cas­
sava by nutrient supplementation and proccss­
ing technology such as improvement in di­
gcstibility, reduction in volume and the crude 
fibre leve] by pelleting and acting asan absorb­
ent in dehydrating palm o il mili effluent, sup­
plementation of m ethionine and sodium thio­
sul fa te, addi tion of palm oil and molasses, 
a nimal protein supplementation, incorporation 
of poultry manure and the inclusion of syn­
thetic pigments havc shown encouraging re­
sults. However, they are not sufficiently con­
c\usive for large scale application in view of 
their limited ability to fulfill the protein need. 

The concept of fermenting cassava for 
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Table l. Composition of basal dietsa 

Maize Cassava 
1 ngredients (C ; ) basal basal 

Maize, yellow 60.00 15.00 
Cassava root meal 40.00 
Soybean meal 24. 10 31.60 
Molasses 9.70 6.94 
Trical. phosphatc 2.20 2.20 
Salt 0.25 0.25 
DL-methionine 0.10 0.10 
L-lysine 0.10 0.10 
Vitamin premix 0.05 0.05 
Mineral mixture 0.07 0.07 
Kaolin 3.43 3.69 

afodine was added atlevels ofO, 0.2, 50, and 100 ppm. 

human consumption is not a recent innovation. 
For many decades, various forms of fermented 
cassava such as peuyeum ( tapeh) and gari have 
constituted a part of the staple diet of the 
people in Asia and Africa. 

The idea of employing microorganisms to 
convert cassava into microbial protein on a 
Iarge scale has only been investigated exten­
sively in the Iast two decades. Gray and Abou­
EI-Seoud ( 1966) using cassava root as a sub­
strate, screened severa! filamcntous fungi and 
found that Cladosporium cladosporoides gavc 
a high mycclial yield, although the mycelial 
yicld of Spicaria elegans gave a higher per­
ccntage of crude protein. Nartey ( 1966) found 
that cassava constitutes a favourable medium 
at high temperature and high relative humidity 
for the growth of Aspergillus flavus but it also 
favours thc synthesis of aflatoxin. 

At the Tropical Products Institute in Eng­
land, Stanton and his co-workers ( Brook el al. 
1969, Stanton and Wallbridge 1969) developed 
the moist-solids fermentation by incorporating 
fungal protein into an extruded paste made 
from cassava ftour. Mineral nitrogen sources 
were incorporated prior to fermentation with 
fungi of the gcnus Rhizopus. The resultan! 
product showed a 6-7 fold increase in protein 
content over that of the original cassava sub­
strate. Because cassava ftour is difficult to 
sterili ze by simple means without the formation 
of sticky starch pastes, the use of chips rather 
than cassava flour was advocated. However, 
the use of synthetic nonprotein compounds 
such as ammonium salts of urea and ammo­
nium nitrate in this moist-solid fermentation to 
convert the nonprotein nitrogen to protein 

nitrogen has not been successful. Treveylan 
( 197 4) statcd that one would ha ve to be very 
sure that virtually all the urea or ammonia had 
disappearcd during fermentation cspccially 
when ammonium nitrate is used as a source of 
nitrogen. 

The commencement at the Univcrsity of 
Malaya in 1973 of the cassava project cn titlcd 
"M icrobiological enrichment," sponsorcd by 
thc International Devclopment Research 
Centre (IDRC). Canada is another effort to in­
crease the protein content of cassava as an 
animal feed for poultry and pigs. A similar cas­
sava protein enrichment project conductcd at 
thc University of Guelph revealed a proccss for 
producing microbial protein from cassava in 
a high-temperature, Iow pH fermentation. 
Strains of Aspergi/lus fumigatus, Sporotrichum 
thermophila, and Paecilomyces sp. were 
screened and their nutritivc value was evalu­
ated in rats ( Khor et al. 197 5). 

In view of the possiblc presence of toxic 
constituents in the fermented product, par:icu­
larly when Aspergi/lus sp . is employed, it is 
mandatory to carry out a safety cvaluation of 
the fermentcd product prior to its use as an 
animal or human food . 

This study invcstigatcs the effect of substi­
tuting maizc with fermented cassava in broilcr 
rations, and is the first in a series on thc nutri­
tional and safety aspects. In addition, the cffect 
of iodine supplementation to cassava diets in 
pigs is discussed. 

Materials and Methods 
Considering earlier reports that domestic or 

laboratory animals fed dicts containing a high 
conccntration of cassava suffcr from mineral 
deticiency, particular) y iodi ne, severa) trials 
were carried out to verify whcther there is a 
nccd to increase the iodine requiremcnts in 
monogastric animals over that recommended 
by N RC ( 1966, 1973) and others ( Scott et al. 
1969). Graded levels of iodine (0, 0.2, 0.4, 
25, 50, 100, 500, and 1000 ppm) were incor­
porated into either purified or cassava diets 
of rats, poultry, and pigs in which thc per­
formance, radioiodinc upta ke, haemoglobin 
content, and carcass characteristics werc evalu­
atcd. The animals werc injected intramuscu­
larly with radioiodine 13 lf in the form of 
carrier-free Nal. The composition of the diets 
is presented in Table l. Data from rat and 
poultry experiments using higher iodine levels 
are being processed. 
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Table 2. Proximate and amino acid composition of cassava, poultry manure, Rhizopus sp., 
fermented cassava, and maize. 

Proximate analysis 
Moisture ( % ) 
Ash (%) 
Crude fibre (<;(,) 
Ether extract ( % ) 
N-free extract ( o/c ) 
Protein (N X 6.25) ('; ) 
Gross energy (kcal/ g) 
Calcium ( C( ) 
Phosphorus ( C~ ) 
True protein ("é)a 
Uric acid (C( ) 
Equivalen! crude protein from 

nonprotein source (,..(. ) 

Amino acidsb 
Arginine 
Histidine 
lsoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophan 
Valine 
Alanine 
Aspartic acid 
Cystine 
G lutamic acid 
G lycine 
Proline 
Serine 
Tyrosine 

Cassava 

11.00 
1.60 
2.70 
1.20 

81.20 
2.30 
4.20 
0.35 
0.40 

12.6 
2.6 
2.2 
3.9 
4.3 
1.3 
2.2 
3.5 

3.0 
6.5 
5.7 
0.4 

11.3 
3.5 
1.3 
3.9 
1.3 

aAiso referred to as nonextractablc nitrogen (NEN). 
bExpressed as g/16 g N of air dry sample. 

Fermented cassava was produccd by the 
moist-solids fermentation technique using de­
hydra ted cassava chips or grains and dried 
poultry manure as substrates, with Rhizopus 
isolates as inoculum. 

For improvement in the moist-solid fermen­
tation process, modifications werc made in the 
procedure of Stanton and Wallbridge ( 1969), 
and Stanton ( 1972) . Fresh or dried cassava 
chips or grains and dehydrated poultry manure 
were employed instead of cassava flour and 
synthetic nitrogen sources. The idea of using 
poultry excreta as a nitrogen source for the 
moist-solids fermentation stemmed pa rtl y from 
direct feeding of cassava-poultry excreta diet 

Poultry 
manure 

9.60 
24.40 
12.90 

1.50 
24.00 
27.60 
5.82 
7.90 
2.15 
8.23 
7.96 

19.37 

1.9 
0.6 
1.4 
2.7 
1.8 
0.5 
1.3 
1.4 
1.9 
2.5 
4.0 
4.4 
l. O 
6.4 
5.2 
1.4 
1.9 
0.6 

Rhi:opus 
sp. 

9.50 

21.50 

4.1 
1.3 
3.3 
5.2 
5.8 
0.8 
4.6 
4.0 

4.9 
7.6 
4.5 

10.4 
3.7 
2.7 
3.9 
2.8 

Fermcnted 
cassava 

9.70 
16.71 
8. 19 
1.99 

53.93 
15.00 
4.08 
2.7 1 
0.86 

10.00 

4.20 

5.2 
1.3 
1.3 
3.0 
2.5 
1.1 
1.2 
1.9 

2.3 
3.5 
4.8 
0.7 
5.9 
3.6 
1.0 
2.2 
0.8 

Maize 

11 .00 
1.90 
2.00 
3.40 

72.70 
8.90 
4.80 
0.02 
0.3 1 

3.8 
2.0 
5.0 

11.1 
2.0 
1.0 
5.0 
4.0 
1.0 
4.0 
7.2 
6.3 
1.0 

17.0 
3.6 
8.0 
4.7 
3.1 

to broiler chickens, which compared favour­
ably to maize-soybean diet (Ng and Huta­
galung 1974). The substra te consisted of 
cassava chips (65-75%) and dried poultry 
manure (25- 35% ). lt was found that the opti­
mal ratio of cassava to poultry manure for fer­
mentation is 3: 1. Higher or lower ratios could 
lower the rate of starch conversion to protein. 
Spore inoculum of Rhizo piiS sp. was produced 
by cul turing the organism on whole rice 
moistened with water. The mixture was shaken 
and the residues were removed by filtration 
through glass wool. The suspcnsion contained 
approximately 60 million spores/ ml. 

The cassava-poultry manure substrate was 
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TABLE 3. Composition of experimental diets of broi lers for starter-grower and grower-finisher stages.a 

Treatment (ü-4 weeks) Treatment (5-8 weeks) 

1 ngredients 1- 0 1- 25 1- 50 1- 75 1- 100 1-0 1- 25 1- 50 1-75 1- 100 

Fermented cassava ( % ) 11 .25 22.50 33.25 43.00 13.75 27.50 41.25 55.00 
Maize, yellow ((( ) 45.00 33.75 22.50 11.10 55.00 41.30 26.50 13.75 
Soybean mea! (' é ) 25.00 24.35 23.70 23.10 23.00 21.20 20.40 19.65 18.90 18.05 
Fish mea! (~'é) 15.70 15.70 15.70 15.70 15.70 12.75 12.75 12.75 12.75 12.75 
Alfalfa mea! ( 'é) 3.00 3.00 3.00 3.00 3.00 
Glucose ( 'O) 2.50 2.50 2.50 2.50 2.50 
Palm oil ( ~(; ) 6.00 6.65 7.30 8.05 10.00 6.80 6.05 7.95 9.80 11.75 
Kaolin (',{) 0.35 0.35 0.35 0.35 0.35 1.80 3.30 2.20 1.10 
Crude protein ( !'(: ) 24.00 24.00 24.00 24.00 24.00 21.00 21.00 21.00 21.00 21.00 
Energy (kcal/ g) 3.20 3.20 3.20 3.20 3.20 3.07 3.07 3.07 3.07 3.07 

8 All diets contained: 0.25~¿ salt ; 1.50% dical. phosphate; 0.30% mineral premix; 0.05~~ vitamin premix; 
0.30% DL-methionine; and 0.05 ~~ choline ch1oride. 

mixed wíth water to give 50% moisture con­
ten! ( except when fresh cassava chips werc 
used) and sterilized by either live steam (30 
m in at 120 •e) or by dry heat ( 4 h at 100 •e). 
After cooling, the substrate was sprayed with 
a mould spore suspension containing approxi­
mately 106 spores/ g moist substrate. To ensure 
uniform distribution of the spore suspension 
the substrate was mixed and placed in a square 
tray. Trays containing the substrate were in­
cubated in a well-ventilated fermentation 
cabinet at a temperature of 27-30 •e for 48 h. 
The fermented cassava was transferred to the 
drying oven at low tcmperature ( 40-60 •e). 
The dried product was pu1verized by grind ing. 

Proximate analyses of the cassava, poultry 
manure, a nd the fermented cassava were car­
ried out. Samples were hydrolyzed with 6 N 
He t at 11 O •e for 18- 24 h. H ydrolysates were 
analyzed for amino acid content by ion-ex­
change chromatography ( Beckman Ami no 
Analyzer). 

Samples were also extracted with ethanol­
water (2: 1 v/ v) to separate the nonprotein 
nitrogen and protcin-nitrogen fractions. The 
extraction with ethanol -water recommended 
by Treveylan ( 1974) in preference to trichlo­
roacetic acid to remove urea and ammonium 
salts was performed. The residue after extrac­
tion with ethanol-water was then determincd 
by micro-Kjeldahl. This nitrogen componen! is 
refcrred to as " true protein" or nonextractable 
nitro gen (NEN). T he chemical composition of 
the cassava, poultry manure, Rhizopus sp., 
fermented cassava, and maize is presented in 
Table 2. 

To study the effect of replacing maize with 

increments of the fermented cassava in the 
broiler diet, day-old broiler chicks of Hubbard 
strain were divided randomly into· five dietary 
treatments of 20 chicks cach on the basis of 
body weight, equalizing both mean weight and 
weight distribution among the groups. Each 
d iet was fed to quadruplicate pens of chicks for 
4 weeks. The composition of the diets is given 
in Table 3. The diets wcre formulated to con­
tain similar protein (24%) and energy (ME, 
3.2 k cal/ g) levels. The fermented cassava re­
placed O, 25, 50, 75, and 100% of the maize 
component of the contro l diet. For the formula­
r ion of diets the protein content of the fer­
mented cassava is trcatcd as 1 O%, although its 
analyzed crude protein (N X 6.25) leve! 
reachcd 1 8% . This is bascd on the results of 
chemical analyses in which the nonprotein 
nitrogen fraction is shown to be higher coro­
pared with the conventional feed ingrcdients. 

After 4 weeks, the birds were shifted to the 
grower diets (21% protein; ME, 3.07 kcal/ g) 
of similar treatments and were retained on 
these diets for 4 weeks (Table 3). T he chicks 
werc divided randomly into five dietary groups 
of 15 birds each so that the sex and average 
body weights were approximately the same. 
Observations were also made on the general 
hea lth of the birds including the mortality rate 
and any ill effects. Water and feed wcre sup­
plicd ad libitum. The birds were weighcd, and 
feed consumption was recorded at weekly in­
tervals. 

Results and Discussion 
Feeding cassava diets without iodine sup­

plementation produced no iodine deficiency in 
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Table 4. Effect of iodine supplementation on performance, carcass characteristics, 
iodine uptake, and haemoglobin content of pigs fed cassava diets. 

Maize-soybean 
Added iodine (ppm)a 

control o 0.2 50 100 

Length of trials (days) 63 63 63 63 63 
Number of pigs 4 4 4 4 4 
Avg daily gain (kg) 0.7a 0.6a 0.7a 0.7a O.Sa 
Avg daily feed (kg) 2.3b 2.1b 2.1b 2.4b 2.1b 
Feed/gain 3.5b 3.5c 3. 1c 3.3c 2.7c 
Dressing (% ) 66.3d 63.9d 6S.Od 66.9d 65.2d 
Carcass length (cm) 71.0e 71.4e 6B.le 7-l.6e 70.2e 
Backfat thickness (cm) 2.3f 1.9f 2.1f 2.1f 1.9f 
Longissimus muscle (cm 2) 26.7g 23.2g 21.5g 22.7g 25.4g 
Liver weight (kg) 1.4h 1.5h 1.4h 1.4h I.Sh 
m¡ uptake (<'>é of dose) 10.2i 10.6i 7.8j 0.5k 0.21 
Haemoglobin (g/ 100 mi) 13.lm 13.5m 12.6m 12.0m 10.5m 

a Means on the same line fol\owed by different letters differ significantly (p = 0.05). 

pigs for the 63-day period (Table 4). This indi­
cates that during the growing-finishing stage 
up to 40% cassava in the diet is not goitro­
genic. 

Using goitrogenic substance such as 0.6% 
potassium thiocyanate, Cromwell et al. ( 1975) 
and Sihombing et al. (197 4) successfully de­
pleted pigs of their iodine store. They found 
that inclusion of the goitrogenic compound into 
the diet resulted in growth depression, hypo­
thyroidism, skeletal malformation, laboured 
respiration, and lethargy. 

The results of the performance showed that 
growing-finishing pigs can tolerate up to 100 
ppm of added iodine in the diet. However, 
growth and feed intake were depressed when 
animals received diets containing either 500 or 
1000 ppm iodine. Forbes et al. (1932) ob­
served no apparent effect on pigs fed 1.1 mg 
of iodine per kg of body weight per day. Pigs 
showed an ability to tolerate up to 400 ppm of 
added iodine without showing deleterious 
effects (Newton and Clawson 1974). 

Weight gain tended to increase with increas­
ing leve! of iodine in the cassava diets, but the 
difference was not significant. This is in agree­
ment with the report of N ewton and Clawson 
( 1974) , in which no difference in pig perform­
ance was noted. Cromwell et al. ( 1975) also 
observed that gain and efficiency of feed con­
version were not significantly affected by iodine 
level. There were no significan! differences in 
the carcass characteristics including dressing 
percentage, backfat thickness, carcass length, 
and loin eye area. This is in agreement with 

the findings of Hutagalung et al. ( 1973) in 
which the carcass composition of poultry was 
not markedly affected by supplementing iodine 
to the cassava diet. Table 4 shows that the up­
take of iodine ( 13 1 I } by the thyroid gland de­
crcased with a higher increment of iodine, 
particularly at 50 and 1 00 ppm supplementa­
tion levels. Cromwell et al. ( 1975) al so found 
that pigs fed the basal dict wi th no added iodine 
trapped a greater amount of iodine (131 1) 
compared with those fed diets with added 
iodine. 

Delange et al. ( 1973) found that the absorp­
tion of cassava in rats as well as in men induced 
an inhibition of the penetration of iodide into 
the thyroid as expressed by a decline in 13 1J 
uptake and an increase in urinary excretion of 
iodide. 

On the other hand, Ekpechi et al. (1966) 
found that rats fed 100% dry unfermented 
cassava increased thyroid uptake of 13IJ. They 
observed that cassava depleted the iodine stores 
of the thyroid gland and also impaired the 
transfer of 3-moniodotyrosine to 3,5-dio­
dotyrosine in the gland. However, in the pres­
ent experiment, the iodine uptake of the pigs 
fed the cassava diet without added iodine did 
not differ much from those fed the soybean­
rnaize control diet. This indicates that cassava, 
when consumed as up to 40% of the diet, is 
either as goitrogenic or as good as the control 
die t. 

Osuntokun ( 1973) observed an increased 
plasma thiocyanate concentration in patients 
with a history of a monotonous diet of cassava 
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derivatives. A similar increase in rats was ob­
served by the antithyroid action that is induced 
by the endogenous production of thiocyanate. 
Ermans et al. ( 1973) stated that the main 
effects of the prolonged consumption of cas­
sava is a marked dcpletion of the iodine store 
and that this depletion appeared to be severe 
in the absence of iodine supplementation. 

lt seems that the cyanide content of the cas­
sava diets cmployed in the present experiment 
was quite low, as no inhibitory effects were 
observed, as expressed by the thyroid uptake. 
This shows that the method of processing and 
drying was satisfactory. 

Iodine uptake is cnergy dependen! and is in­
hibited by cyanide. In their investigation, 
Maner and Gomez ( 1973) suggested that as 
cyanide dctoxication requires labi le sulfur, 
methionine serves as a source of sulfur. The 
detoxication produces thiocyanate, which ex­
erts a goitrogenic effcct on the body that can 
cause thyroid hypertrophy especially in the ab­
sence of adequate dietary iodine (Sihombing et 
al. 1974; Cromwell et al. 1975) . 

Blood haemoglobin leve! tended to decrcase 
at 50 and 1 00 ppm iodine levels but that reduc­
tion is apparent at 500 and 1000 ppm sup­
plementation and attended by the occurrence of 
altered reflexes, vertigo, laboured respiration, 
and lethargy symptoms. Newton and Clawson 
( 1974) observed that haemoglobin levels werc 
depressed when pigs received more than 800 
ppm of added iodinc. 

The observation that the haemoglobin con­
ten! was low when the dietary iodine leve! was 
high may indicatc an involvement in the oxida­
tion of thiocyanate catalyzed by haemoglobin. 
Van der Vclden and Kinthaert ( 1973) postu­
lated that the antithyroid action of cassava is 
induced by the endogenous production of 
thiocyanate. 

The iodine requirements of pigs fed diets 
containing high concentrations of cassava is 
between 0.2 and 0.4 ppm, beyond which the 
performance is not greatly affected. Sihombing 
et al. (1974) and Cromwell ct al. ( 1975) sug­
gested the iodine requirement of growing pigs 
fed corn soybean diet is approximately 0.086-
0.13 ppm of the diet. 

Table 2 shows the proximate and amino 
acid composition of fermented cassava. For 
comparison. the chemical composition of cas­
sava, poultry manure, Rhizopus sp. and maize 
is also given in this table. 

Dehydrated poultry manure contains less 

than 1 0% moisture. Its crude protein content 
(N X 6.25) is 27.6%, comprised of 8.2 and 
19.4% for true protein and nonprotein, re­
spectivcly. The rclatively high levels of crude 
fibrc ( 12.9% ) and ash (24.4 % ) wou\d limit 
the amount of poultry manure that can be sup­
plemcnted in monogastric diets. Ng and 
Hutagalung ( 1974) reportcd that supplcmen­
tation of 15% poultry manure and 30% cas­
sava in the broilcr diet, to substitutc other 
protein and energy sources, produced no ad­
verse effects on performance, whereas addition 
of poultry manure alone beyond 10% leve! 
depressed growth and feed efficiency of the 
chickens. When the fermented cassava was 
comparcd to maize, the a sh, crude fibre, crude 
protein, calcium, and phosphorus were higher 
in thc former, but its fat and the carbohydrate 
coiltent were lower. The truc protein content 
of the fermented product was found to be 
1 O%. Considering the total crude protein (N 
x 6.25) and the true protein content of the 
fermented cassava before and after fermenta­
tion, the efficiency of converting nonprotein to 
true protein is 67%. However, the 10% true 
protein is somewhat overestimated, since the 
true protein of the poultry manure represcnted 
about 30% of its total protein (Ng and Huta­
galung 1974). The ami no acid composition of 
the fcrmented cassava was particularly low in 
methionine, but the other amino acids com­
parcd favourably with those from medium 
protein sources. Because of its low mcthionine 
contcnt, it is essential to supplement with syn­
thetic methionine to obtain an amino-acid 
balanced diet. 

The performance of thc chickens is sum­
marized in Table 5. In general, weight gains of 
birds fed diets containing fermented product 
compared favourably with those of the control 
diet. Jt is interesting to note that rcplacing 
maize with 50% fermented cassava produced 
bettcr performance compared to other treat­
mcnts. The reason for this is not apparent. lt is 
probably due to the underestimation of the 
protein content of the fermented cassava or it 
may also be due to higher fecd consumption. 
Poorer feed conversion and highcr feed intake 
were noted as the leve! of maize substitution 
increased. The dry texture, flavour, and nutri­
tive balance could have contributed to the 
higher intake of the fermented cassava die!. At 
the beginning of the trial , the birds scemed 
reluctant to consume the fermented cassava 
diet, probably due to its dustiness and flavour. 
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Table 5. Effects of substituting maize with fermented cassava on performance of broiler chickens. 

Fermented cassava replacement leve! (<>-; )"·b 

1- 0 1-25 1- 50 1- 75 1- 100 

Avg wt at 4 weeks (g) 361a 582b 641a 560b 618a 
Avg wt at 8 weeks (g) 1466d 1402de 1648c 1428de 1394e 
Avg daily gain (g) 26g 27fg 29f 27fg 25g 
Avg daily intake (g) 61j 65i 74h 73h 73h 
Feed/gain 2.4m 2.4m 2.61m 2.7kl 2.9k 
Digestibility (% ) 64o 66o 60p 59p 55q 
Mortality (% ) 

Starter-grower 13 7 7 27 20 
Grower-finisher 10 10 10 10 10 

&1-0, 1- 25, 1-50, 1-75, and 1- 100 refer to thc leve! of maize substitution with fermentcd cassava in 
the diet. 

bMeans on the same line followed by ditferent lctters ditfer significan tly (p = 0.05). 

Another possibility is that the diet containing 
the fermented cassava contained somewhat 
Iower metabolizable energy, although the diets 
were formulated to be isocaloric with other 
diets. Thus the birds would have consumed 
more feed to meet their required nutrients. 
Likewise, the dry matter digestibility of the 
diet decreased as the leve! of fermented cas­
sava increased. 

The mortality rate at the starter-grower stage 
tended to be higher than at the grower stage al­
though the difference among treatments was 
not significant. This gives sorne indication that 
as the birds grew older they were more toleran! 
to receiving higher levels of fermented cas­
sava diet. 

Judging from the results obtained from the 
chemical analysis of the fermented cassava and 
the performance of the broilers, it can be con­
cluded that the fermented cassava compared 
favourably to maize substitution, up to 50%. 
It could probably be used to replace the entire 
maize componen! of the diet when properly 
supplemented with other nutrients, particularly 
sulfur-containing amino acids and energy from 
fat or oil derivatives. 

Efforts to improve the protein quality of the 
fermented cassava with regard to increasing 
the efficiency of nitrogen and carbohydrate 
conversion to protein, as well as reducing fibre 
and ash content were considered and are cur­
rently in progress. From the preliminary re­
sults obtained, this moist-solids fermentation 
of the cassava-poultry manure mixture might 
result in the production of a substance equal to 
or even superior to maize. However, observa­
tions on skin and egg yolk pigmentations of the 

chickens fed fermented cassava revealed a 
poorer pigmentation compared to those on the 
maize control. This suggests that supplementa­
tion of synthetic carotenoid compounds such 
as carotene and xanthophyll should be taken 
into consideration. 

It is hoped that fermented cassava wi ll make 
a significan! contribution both as an energy 
and medium protein source for poultry and 
pigs, where a surplus of carbohydrates is avail­
able. 

The fermented cassava work was supported by 
a grant from the International Development Re­
search Centre (IDRC) , Canada. Appreciation is 
extended to the research team of the University 
of Malaya's Microbiological Enrichment (Ma­
laysia) project. Members of this research team 
are R. I. Hutagalung, G. Varghese, B. H. Webb, 
and Tan Bock Thiam. 

Brook, E. J., Stanton, W. R .. and Wallbridge, 
A . J. Fermentation methods for protein en­
richment o f cassava. Biotechnol. Bioeng. 11, 
1969, 1271- 1284. 

Cromwell, G. L., Sihombing. D. T . H., and Hays, 
V. W. Efjects oj iodine leve{ on performance 
and thyroid traits oj growing pigs. J. Animal 
Sci. 41 , 1975, 813-8 18. 

Delange, F., van der Ve! den. M .. and Ermans, A. 
M. E1•idence of an antithyroid action of cassava 
in man and in animals. In Chronic cassava tox­
icity : Proceedings of an interdisciplinary work­
shop, London, England. 29-30 January. Inter­
national Development Research Centre, IDRC-
010e. 1973, 147- 151. 

Ekpechí. O. L., Dimitriadou, A., and Fraser, R. 
Goitrogenic activity of cassava (a staple Ni­
gerian food). Nature, 210, 1966, 1137-1138. 



262 TROPICAL ROOT CROPS SYMPOSIUM 

Ermans, A. M., van der Vclden, M., Kinthaert, J., 
and Delange, F. Mechanism of the goitrogenic 
action of cassava. In Cbronic cassava toxicity: 
Proceedings of an interdisciplinary workshop, 
London, England, 29-30 January. Interna­
tional Development Research Centre, IDRC­
O!Oe. 1973, 153-157. 

Forbes, E. B .. Karus, G. M., Bechdel, S. l., Wil­
liams. P. S., Keith, T. B., Callenbacb, E. W., 
and Murphy, R. R. The l'a/ue of iodine for live­
stock in central Pennsylvania. J. Agric. Res. 
45. 1932, 111. 

Gray, W. D., and Abou-EI-Seoud, M. O. Fungal 
protein for food and feeds. In Manioc as a po­
tential crude raw material for tropical arcas. 
Econ. Bot. 20. 1966, 2.5 1-25.5. 

Hutagalung, R. 1., Phuah, C . H., and Hew, V. F. 
The uti/izalion of cassm·a (tapioca) in livestock 
feeding. In Proc. Third International Sympo­
sium on Tropical Root Crops. International In­
stitute of Tropical Agriculture, Ibadan, Nigeria, 
1973 (in press). 

Khor, G. L., Alexander, J. C., Santos-Nunez. J., 
Reade, A. E., and Gregory, K. F. Nutritive 
value of thermotolerant fungi grown on cas­
sava. Applied Microbiology, 1975, 1-22. 

Maner, J. H .. and Gomez. G. /mplications of 
cyanide toxicity in animal feedinJ.: studies using 
high cassava rations. In Chronic cassava tox­
icity: Proceedings of an interdisciplinary work­
sbop, London. England, 29-30 January. 1973. 
Internat ional Development Research Centre, 
JDRC-OIOe, 1973, 113- 120. 

Nartey, F. Af/atoxins o/ Aspergillus f/awts grown 
on cassava. Physiol. Plantarum, 19. 1966, 818-
822. 

Newton, G. L.. and Clawson. A. J. lodine toxiciry: 
Physiological effects of elevated dietary iodide 
on pigs. J . Animal Sci. 39, 1974, 879-884. 

Ng. B. S .. and Hutagalung, R. l. Eva/uation o/ 
agricultura/ pmducts and by-products as animal 
feeds. 111. lnf/uence of deh ydrated poultry ex­
creta srtpp/ementation in cassava diets on 
growth rate and feed lllilization of chickens. 
Mal. Agric. Res. 3. 1974, 242- 253 . 

N.R.C. N lllrielll requirements of Pou/try. National 
Research Council. National Academy of 
Sciences. Washington, D.C.. 1966. No. 1345. 

N utrient requirnnents of Sll'ine. National Re­
search Council, National Academy of Sciences, 
Washington, D.C., 1973, 7th revised ed., No. 2. 

Osuntokun, B. O. A toxic neuropathy associated 
with high cassava diets in West A/rica. In 
Chronic cassava toxicity: Proceedings of an 
interdisciplinary workshop, London, England, 
29- 30 January, 1973. International Develop­
ment Research Centre. IDRC-O!Oe, 1973, 127-
138. 

Sihombing. D. T. H., Cromwell, G. L., and Hays, 
V . W. EOects of protein source, goitrogens and 
iodine /e¡·e/ on performance and thyroid status 
of pigs. J. Animal Sci. 39, 1974, 1106-1110. 

Scott, M. L.. Nesheim, M. C .. and Young, R. J. 
Nwrition of the chicken. M. L. Scott & Assoc., 
Ithaca, New York, 1969, Slip. 

Stanton, W. R. Waste reco1•ery by microorgan­
isms. Process Biochem. 7. 1972, 21 - 23. 

Stanton, W. R., and Wallbridge, A. J. Fermented 
food processes. Process Biocbem. 4, 1969, 45-
51. 

Treveylan, W. E. The enrichment o/ cassava with 
protein by moist-solids fermentation. Trap. 
Sci. 16. 1974, 179- 194. 

van der Velden, M., and Kinthaert, J. A pre­
fiminary study on the action of cassava 011 thy­
roid iodine metabolism in rats. Br. J. Nutr. 30, 
1973, 511-517. 

Utilization of Cassava-Based Diets in Swine Feeding 

Guillermo G. Gómez, Carlos Camacho, and Jerome H. Maner1 

A swine feeding program based on diets with high levels (60-70%) of sweet cassava 
meal plus soybean mea! as the protein source, without methionine supplementation but 
adequately supplemented with vitamins and minerals, was used experimentally throughout 
the animals' lifetime. The experimental results were compared with those obtaincd in a 
control diet based on common maize and soybean meal. 

The gilts fed cassava meal gained weigbt more slowly during thc growing-finishing 
periods and gained less weight during pregestation and gestation. Nevertheless. they gained 
weight subsequcntly, in lactation, whereas the gilts in the control group lost weight during 
this period. 

'Swine Production System Program, Centro Internacional de Agricultura Tropical (CIAT), Apartado 
Aéreo 67-13, Cali, Colombia, IVITA, Apartado 245, Pucallpa, Perú, and Fundacao Rockefeller, Caixa 
Postal 511, 40.000 Salvador Bahía, Brasil, respective! y. 



/ 

GÓMEZ ET AL.: CASSAVA DIETS FOR SWINE 263 

The results indica te that the experimental diets witb high levels of sweet cassava meal, 
without methionine supplementation, produced a smaller number of pigs per litter. result­
ing in lower total weights per litter than normally expected. The quantity of feed required 
to produce one weaned pig was greater for the cassava group than for the control. The 
quantities of soybean meal required to balance the total protein was significantly greater 
in the cassava meal-based diets than in the common maize diets. 

Cassava roots are normally used for human 
nutrition; nevertheless, high percentages of the 
production of this crop from the principal 
producing countries (Brazil and Thailand) are 
used in animal nutrition, especially for swine 
feeding. lt is estimated that more than one 
third of the cassava produced in Brazil and al­
most all the cassava exported from Thailand 
to Europe, especially to Western Germany and 
Holland, is used for swine feeding (Phillips 
1974). 

In spite of the relatively abundan! experi­
mental evidence available with regard to the 
utilization of different forms of cassava roots 
in swine feeding (Maner et al. 1976, Gómez et 
al. 1976), there is little information on the 
utilization of cassava mea! in high percentages 
in diets during the entire lifetime of the pig. 

In cassava-based diets, the quantity and 
quality of protein depends primarily on sup­
plementary protein sínce cassava mea! contains 
an insignificant amount of protein. Experi­
mental work carried out at CIA T with rats and 
swine (Maner and Gómez 1973, Job 1975, 
Gómez et al. 1976) has shown that methionine 
supplementation in diets based on cassava mea! 
and soybean mea! improves the protein quality 
of the diet and also makes the detoxification 
processes more efficient through a greater ex­
cretion of cyanides in the form of thiocyanates 
in the urine (Maner and Gómez 1973). Rela­
tively high doses of cyanide in diets for ges­
tating rats or gestating sows do not seem to 
alter reproductive performance of these species 
(Tewe 1975). On the other hand (Ciawson et 
al. 1963, De Geeter et al. 1972, Pond 1973), 
swine ha ve a great capacity during reproductive 
periods ( especially gestation) to withstand 
drastic nutritional limitations without affecting 
their reproductive performance significantly. 

The purpose of this study was to obtain basic 
information on the utilization of cassava mea! 
as a source of energy and soybean mea! as the 
protein ingredient, without methionine sup­
plementation, by swine throughout the dif­
ferent periods of their life. The experimental 
results were compared with those obtained 
from swine fed diets based on common maize 

and soybean mea!, without methionine sup­
plementation. 

Experimental Procedure 

A total of 32 recently weaned Yorkshire 
gilts were preselected and grouped into two 
lots of 16 pigs each, with an average liveweight 
of approximately 20 kg. The animals were 
selected and assigned to each experimental 
group on the basis of their liveweight and lit­
ter. Each experimental lot was divided into 
four subgroups or replicates of four animals 
each, and each replicate was housed in a con­
crete-floored corral during the growing-finish­
ing periods (20-90 kg). During the pregesta­
tion and gestation periods, two replicates (8 
gilts) were grouped per corral and rcmained 
in pastures grazing pangola grass. A few days 
before the calculated farrowing date, each sow 
was transferred to the maternity section and 
placed individually in farrowing stalls. Each 
sow and her litter remained in these stalls until 
approximately 2 weeks after farrowing ; they 
were then housed in concrete-floored corrals 
until weaning of their otfspring at 56 days of 
age. 

The experimental diets were supplied in 
automatic feeders during the growing, finish­
ing, and lactation periods. During pregestation 
and gestation, the experimental diets were ad­
ministered in one meal per day and intake was 
individually controlled. In all cases, drinking 
water was continually available. The Yorkshire 
boars used to breed all the gilts in the experi­
ment were fed a diet based on common maize 
and soybean meal. The tota l protein calculated 
(N X 6.25) in the experimental diets was: 
growing (20-50 kg) 16% ; finishing (50-90 
kg) 13%; pregestation (90-120 kg) 13%; ges­
tation (breeding-farrowing) 16%; lactation 
( farrowing-weaning) 16%; and starter die! for 
baby pigs ( 10-56 days) 18%. The composi­
tion of the experimental diets is presented in 
Table l. The cassava meal was prepared from 
fresh sweet roots (variety Llanera), which 
were chopped, sun-dried on concrete floors, 
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Tablc l. Utilization of common maizc and sweet cassava mcal in swine feeding programs. 
Percentage composition of experimental diets.a 

Finishing and Gcstation and Baby pigs starter 
Growing pregestation lactation diet 

Common Cassava Common Cassava Common Cassava Common Cassava 
lngredient ( 'i é) maize meal maize meal maize meal maize meal 

Common maize 79.5 87.9 76.4 62.5 
Cassava meal 69.0 75.9 67.0 50.6 
Soybean meal 15.8 26.2 7.3 19.3 18.8 28.2 22.7 34.6 
Sugar 10.0 10.0 

aAJl diets contained: 4 % bone mcal; 0.5% mineral premix; and 0.3% vitamin premix. 

and then ground and incorporated in the diets 
in the form of mea!. 

Results and Discussion 

In spite of the fact that only gilts were in­
volved, daily weight gains (0.77 and 0.71 kg/ 
day) were similar to those rcported prcviously 
(Maner et al. 1976) for lots of castrated males 
and fcmales during thc growing-finishing 
periods. Although the principal objective of 
this cxperiment was to observe tbe etfects of 
the dicts on reproductive performance of gilts, 
the results from the growing-finishing periods 
indicatc that there is a significan! ditference 
(p < 0.01) between daily weight gains of the 
an imals in the two experimental groups. The 
gi lts fed the cassava-bascd diet gained less 
weight per day (0.71 kg/ day) than those fed 
the control diet based on common maize 
(0.77 kg/ day) , which is retlected in the longer 
time ( 1-2 weeks more tha n the control group) 
requircd to reach market weight (approxi­
matcly 90 kg) and later in a lower average 
weíght per gilt at the time of breedíng ( 118.5 
vs 127.6 kg, respectively) when all the animals 
were practically the same age. Intake of the 
cassava-based diet (2.30 k g/ da y) was similar 
to the consumption of the maize-based diet 
(2.38 kg/ day). 

Table 2 gives the reproductive performance 
of the two experimental groups including live­
weight variations of gilts during gestation and 
lactation periods. The gilts received a limited 
quantity of the experimental diets during pre­
gestation and gestation, equivalen! to approxi­
mately 2.0 k g/ animal/ da y during pregestation 
and 1.8 kg/ animal/ da y during gestation. The 
gilts fed the maize-based diet had higher total 
body weight gains ( 48.3 vs 37.5 kg) and net 
weight (33.3 vs 27.6 kg) during gestation than 

the animals fed on the cassava-based diets 
(Table 2). Nevertheless, the gilts fed cassava 
mea! gained weight during lactation ( 13.5 
kg) , whereas the control group lost weight ( 6.7 
kg) during the same period. A greater number 
of gilts from the group fed cassava mea! were 
pregnant and therefore the litter number was 
grcater for this group; however, the ditferences 
were dueto factors othcr than the effects of the 
experimental diets. Upon making the final 
sclection in the pregestation period, two gilts 
were eliminated from the control group be­
cause of defective teats; in addition, two other 
gilts from this group were bred, became preg­
nant, and farrowed much later than the rest 
of the experimental animals. 

The number and weight of offspring at birth 
from gilts fed cassava-based diets were slightly 
lower but not significantly different ( p > 0.05) 
from thc progeny of gilts fed on common 
maize. When the pigs reached 21 days of age, 
the number of pigs per Jitter was significantly 
diffe rent in the two experimental groups; the 
litters from the cassava group had an average 
of approxímately three pigs Jess than the con­
trol group litters. The average weight of the 
pigs in both experimental groups was similar 
throughout the lactation period; average 
weights at weaning were 15.87 vs 15.70 kg for 
thc common maize a nd the cassava mea! 
groups, respectívely. Nevertheless, as a result 
of the ditference in number of weaned pigs, the 
gilts fcd on common maize produced totallitter 
weights significan ti y (p < 0.05) higher (145 .4 vs 
103.6 kg) than gilts fcd sweet cassava mea! 
(Table 2). Performance of the control group 
litter was similar to that normally obtained in 
practiee, whereas performance of gilts fed a 
cassava-based diet was lcss than expected. Ap­
parently, the smaller number of baby pigs and 
their reduced weight at birth were the causal 
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Table 2. Utilization of common maize and cassava meal in swine feeding programs. 
Experimental results for the gestation and lactation periods. 

No. of gilts 

Liveweight changes for gilts (kg) 
Weight at breeding 
Weight on !10th day of gestation 
Total gain, gestation 
Postfarrowing weight 
Net gain, gestation 
Weight at weaning, 56 days 
Weight change, lactation 
Weight change, gestation-lactation 

Farrowing data 
No. pigs/ litter 
Pig weight (kg) 

Weaning data 
No. pigs/ litter 
Pig weight (kg) 
Total litter weight (kg) 

factors for weaning performance. 
Since the experimenta l diets supplied similar 

quantities of crude protein during the different 
periods, it is assumed that one of the possible 
factors responsible for the poorer performance 
of animals fed cassava meal-based diets may be 
protein quality, principally the adequate supply 
of sulfur-containing amino acids, particularly 
methionine. It should be pointed out that the 
effect of the experimental diets, used in the pres­
ent study over a prolonged period, significantly 
affected the results of the growing-finishing 
periods of the gilts, prior to the reproductive 
periods. Preliminary results of an ongoing ex­
periment (Gomez et al. unpublished) suggest 
that the addition of methionine to cassava­
based diets during gestation and lactation does 
not improve reproductive performance signifi­
cantly when compared to a diet without methi­
onine supplementation. H owever, it should be 
pointed out that the ongoing experiment was 
begun at breeding and not in periods prior to 
gestation as was the case in this work. More 
experimental data are neccssary to elucidate 
the factor(s) responsible for inferior repro­
ductive performance in feeding programs for 
all periods of the pigs' lifetime that are based on 
the utilization of cassava meal as the source of 
energy. 

The average consumption per animal (gilts) 

Experimental variables 

Common Cassava 
maize mea! 

10 14 

127 .6 118.5 
175.6 156.0 
48.3 37.5 

160.6 146.1 
33.1 27.6 

153.9 159.6 
-6.7 + 13.5 

+ 26.3 +41.1 

10.0 8.4 
1.09 0.97 

9.4 6.6 
15.87 15.70 

145.4 103.6 

of diets, common maize, cassava meal, and 
soybean meal is given in Table 3. Diet intake 
during the growing-finishing as well as during 
the reproductive periods ( pregestation, gesta­
tion, and lactation) was similar for both 
groups. Total starter diet intake for litters was 
less for those fed the cassava meal-based diet 
as a result of the significantly lower number of 
pigs in these litters than in the control group; 
average intake of starter diet per baby pig was 
similar for both groups. 

Because of the limited protein supplied by 
cassava meal, the amount of soybean mea! 
needed to balance the tota l protein quantita­
tively in these diets was much greater than for 
the common maize-based diets. 

Takíng ínto account only the reproductive 
periods (pregestation, gestation, and lactation, 
including the starter diet) and performance 
during weaning, without including feed for the 
boar, the quantity of diet required to produce a 
weaned pig with cassava mea! is given in Table 
3. Although the quantity of cassava required 
for these periods was 86.5 % that of common 
maize (532.8 vs 615.7 kg, respectively) (Table 
3), the quantity of soybean mea! required · for 
cassava meal-based diets was 58.7 % more than 
for the common maize-based diets ( 197.3 vs 
124.3 kg) . The data suggest that the obtained 
performance would affect the production pa-
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Table 3. Utilization of common maize and cassava mea! in swine feeding. Intake of diets and 
basic ingredients. SBM = soybean mea!. 

Experimental variable 

Common maize (kg) Cassava mea! (kg) 

Common 
Experimental period Diet maize 

Growing (2ü-50 kg) 77.9 59.5 
Finishing (5ü-90 kg) 137.9 121.2 

Subtotals 215.8 180.7 

Pregestation 230.6 202.7 
Gestation 209.9 160.4 
Lactation 265.5 202.8 
Baby pigs starter diet 79.6 49.8 

Subtotals 785.6 615.7 

Total 1001.4 796.4 

rameters, and therefore they should be con­
sidered in a practica! evaluation. The economic 
evaluation of the experimental data presented 
is being done at CIA T and will be published 
later. 

The information presented may have limi­
tations and defects characteristic of experi­
mental work of this nature; nevertheless, it is 
possible to suggest that the utilization of cas­
sava mea! in integrated swine feeding programs 
could result in lower reproductive performance 
that could unfavourably affect economic pos­
sibilities. 

Most of the experimental work on the use of 
cassava mea! in swine production refers 
frequently to partía! substitution of cereal 
grains by cassava meal in relatively limited 
percentages. In addition, in almost all cases, 
cassava meal has been used in isolated periods 
of the life cycle. Apparently the continued use 
of high percentages of cassava mea! makes it 
possible to observe certain effects that cannot 
be detected in relatively short-term experi­
ments. The effects may possibly be different 
when bitter cassava mea! is used , because the 
content of hydrocyanic acid or linamarin is 
much higher than in sweet cassava. Further 
studies are required to obtain efficient use of 
cassava mea] in swine feeding programs. 

The authors wish to thank Trudy Martínez for 
the English translation of the manuscript. 
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Establishment of a Pilot Plant for the Production of 
Fungal Protein from Cassava 

K. F. Gregory, A. G. Meiering, F. A. Azi, J. A. D. Sedgwick, 
J. D. Cunningbam, S. J. MacLean, J. Santos-Núñez, 

and G. Gómez1 

The establishment of a pilot plant for the nonaseptic, high-temperature production of 
protein from whole cassava mash by thermotolerant fungi was undertaken. The only nutri­
tionaJ supplements required by the prototype culture (Aspergil/us fumigatus I-21A, a non­
spore-forming mutant) for the conversion of 4% carbohydrate (about 15% fresh cas­
sava) were found to be urea (0.345 % ), KH2P04 (0.05%), and su\furic acid (about 
0.15% of 9 N acid to adjust the medium to pH 3.5 and supply sulfur) . The plant includes 
devices for washing and rasping the cassava roots, a self-aspirating 300 1 starter fermentor, 
a self-aspiratíng 4500 1 main fermentor, a roller-press filtration device for harvesting the 
biomass, and a unit with a slíding roof for sun and air drying the product. 

Sorne thermotolerant fungi ha ve been shown 
to have potential for a simple, low-cost pro­
cess for producing protein-rich feed from cas­
sava (Reade and Gregory 1975, Gregory et al. 
1976a). Such fungi are able to grow under the 
high1y selective conditions imposed by high 
temperatures ( ;?; 45 •e) and acidity (ca. pH 
3.5) so that sterilization of the cassava mash 
and maintenance of aseptic conditions do not 
appear to be necessary. Chemical hydrolysis 
of the starch derived from the cassava roots is 
not required prior to the fermentation process 
because the fungi produce amylases. Heat is 
generated by the growing fungi but the high 
fermentation temperature reduces the cost of 
cooling the fermentor; water at ambient tem­
perature suffices for this purpose. Finally, the 
filamentous nature of the fungi enables them to 
be harvested by filtration, which is simpler and 
cheaper than the centrifugation required for 
harvesting yeasts or bacteria. 

The initial search for suitable thermotolerant 
fungi resulted in the isolation of a strain of 
Aspergi/lus fumigatus, designated 1-21 (ATCC 
32722) , which had a satisfactorily high protein 
content ( over 45% crude protein under opti­
mum conditions; ca. 38% crudc protein under 
the selective condit ions required for nonaseptic 
fermentation, Reade and Gregory 1975). A 
nonrevertible mutant of this culture, called 

lGregory, Meiering. Cunningham, Azi, and 
Sedgwick, University of Guelph. Guclph. Canada; 
and Santos-Núñez and Gómez, Centro Interna­
cional de Agricultura Tropical. Cali, Colombia. 
This work was carried out with the aid of a grant 
from the International Development Research 
Centre, Canada. 

I-21A (ATCC 32723), which is unable to pro­
duce spores, has been used for many of the 
studies with this strain because the inhalation 
of large numbers of spores of sorne strains of 
A. jumigatus can incite a lung infection known 
as aspergillosis. A subsequent, more extensive 
search resulted in the isolation of additional 
thermotolerant fungi sorne with excellent po­
tential value for protein production (Cephalo­
sporium eichorniae 152 and Rhizopus chin­
ensis 180, Gregory et al. 1976b). A summary 
of a rat-feeding tria! using Aspergillus fumi­
gatus 1-21 and I-2IA and the two best new cul­
tures is shown in Table l. All of the isolates had 
similar suboptimal amounts of methionine, 
averaging 1.8% of the true protein. In every 
case the rats readi ly accepted the fungal 
mycelium as the sole source of protein in their 
diet. No toxic effects were noted in any of the 
rats. Ninety-day subchronic toxicity experi­
ments with mycelium from A. fumigatus 1-21 
were completed in rats (G. L. Khor et al., Uni­
versity of Guelph, unpublished) , and the ex­
tensive clinical and histological tests com­
pleted on rats fed 1-21 did not indicate toxicity. 

The fermentation and nutritional data ob­
tained with these thermotolerant fungi were 
sufficiently encouraging to prompt the estab­
lishment of a ·pilot plant at CIAT for the pro­
duction of fungal biomass from cassava for 
pig-feeding experiments. This paper describes 
the establishment of the minimal supplements 
necessary for the optimum production of pro­
tein from whole cassava mash by the prototype 
culture. A. fumigatus I-2 lA, the constructíon 
of simple fermentors for this system, and the 
assembly of a pilot plant at CIA T. 



268 TROPICAL ROOT CROPS SYMPOSIUM 

Table l. Protein content (% of dry weight) and 
nutritional value of selected thermotolerant fungi. 

Crude "True" 
protein8 proleinb PERc 

Aspergillus 
fumigatus 1-21 

A. fumiga tus l-21A 

A.fumigatus l -21A 
on cassava mashd 

Cepha/osporium 
eichhomiae 152 

Rhizopus chinensis 180 

44 

49 

37 

49 
49 

8 Crude protein = total N X 6.25. 

35 

37 

27 

38 

37 

z.z• 

2.6• 

2.5 

b"True" protein was determined by a n assay for 
ex-amino N with purified bovine scrum a lbumin as a 
standard (Reade and Gregory 197 5). 

cPER - Protein efficiency ratio (g weight gain /g 
" true" protein consumed). Valucs wcre normalized 
relativc tocase in set at 2.5. Each diet was tested with ten 
rats. Thc fungal diets wcrc supplemented with 0.5% 
DL-methionine, and the casein standard diet was 
supplemented with 0.3 % DL-methionine and 0.1 % 
L-tryptophan. PER values that are significantly ditferent 
from the case in standard at the 5% levcl of probability 
are marked with asterisks. 

dThe biomass produced on whole cassava mash con­
tained unfermented cassava libre as well as fungal 
mycelia. 

Experimental Procedure 

Cassava starch was used for the optimization 
experiments because it is less variable than 
whole cassava, and the mineral requirements 
for media containing whole cassava mash were 
assessed in relation to reported analytical 
values for cassava roots (Anonymous 1968, 
Ewing et al. 1969, O amble and Snedaker 1969, 
Oke 1966, Pond and Maner 1974). 

Growth responses in media with various sa lt 
concentrations were determined in 5-litre fer­
mentors. Inocula for most experiments con­
sisted of spores of A . fumigatus 1-21 suspended 
in 0.02 % ( v 1 v) Tween 80 beca use of ease of 
handling; but the asporogenous mutant 1-21 A 
gave an identical response in the final opti­
mized medium. 

The mineral elements contributed by the 
starch were determined analytically, and the 
theoretical total requirement calculated by 
adding these analytical values to the experi­
mentally determined supplements required. Jt 
is apparent that the average cassava variety 
supplies adequate amounts of all the mineral 
elements required except sulfur aod possibly 
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Fig. 1. The effect of nitrogen source on the pH o! 
cassava starch medium (2 % carbohydrale) in­
oculated with A. fumigatus 1-21. 

zinc. In experiments with whole cassava mash, 
howevcr, the addition of zinc has not been 
found nccessary. The amount of phosphorus 
supplied by the average root is very nearly 
cqual to the amount required by the culture, 
but sorne sources of cassava would supply only 
about 50% of the phosphorus required. The 
rcquired sulfur supplemcnt can be supplied 
most easily and cheaply by means of sulfuric 
acid bccause the addition of acid is required, 
in any case, to adjust the initial pH of the 
medium to 3.5. 

Thc only additional supplcment required for 
the cassava mash medium is a nitrogen source. 
Urea and ammonium sulfate were both found 
to be suitable for the growth of A. fumigatus 
I-21 . but ammonium sulfate alone resulted in 
too Jow a pH during thc fermentation ( Fig. 1). 
Whe n a large mycelial starter inoculum was 
used, the ammonia released from the urea was 
utilized fast enough so that a marked rise in pH 
did not occur until the cnd of thc fermentation . 
Accordingly, urea was selccted as the nitrogen 
source for the fermentation. 

As predicted from experimental data, when 
whole cassava mash was uscd. the cassava sup­
plied most of the requi red mineral elements in 
adequate concentrations so that the supple­
mcnts required were reduced to only three: 
sulfuric acid. which adjusted the pH to 3.5 and 
supplied sulfur; urea , as the nitrogen source; 
and monopotassium phosphate (Table 2). The 
addition of monopotassium phosphate was 
found to be essential for maximum protein 
yield with a mash prepared from the cassava 
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Table 2. Supplements (g/ 1) for A. fumiga tus I-21 to 
produce maximum growth and protein yield in 

2% (w /v) carbohydrate, supplied as cassava starch 
or who\e cassava mash.8 

KH2PO• 
MgS0.·7H20 
KCI 
FeS0.·7H20 
CaCh·2Hz0 
ZnS0.·7H20 
Urea 

Originally 
proposed 
concen-
tration 

1.0 
0.1 
0.05 
0.01 
0.01 
0.01 
1.72 

Optimum 
for 

cassava 
starch 

medium 

0.375 
0.025 
o 

~0.01 
o 

~0.01 
1.72 

Optimum 
forwhole 
cassava 
mash 

medí u m 

0.25 
o 
o 
o 
o 
o 
1.72 

asutfuric acid, used to adjust the initial p H to 3.5, 
provided an excess of S in all cases. 

used in these experiments (Fig. 2). In the ab­
sence of any added KH2PO~ . total product 
yield was undiminished, but its protein con­
tent was lower. 

Concentrations of cassava giving carbohy­
drate Ievels as high as 4% (about 15% fresh 
cassava) appear to be suitable for a 24-h pro­
duction schedule (Reade and Gregory 1975) 
but require double the mínimum concentration 
of supplements shown in Table 2. 

Since the operation of a pilot plant for 
microbial protein production results in a large 
volume of waste effluent Iiquid, experiments 
were undertaken to determine the feasibility of 
recycling part of the effluent into subsequent 
fermentations. In experiments in which 50 % 
of the effluent was recyc\ed in sequentia\ fer­
mentations, the effluent became markedly 
toxic for the organism. The effect of recycling 
25% of the effluent in sequen tia! fermentations 
has not been determined, and it is questionable 
if recycling this low a percentage would be 
worthwhile. 

Pilot Plant Operation 

At the pilot plant constructed at CIAT , both 
300 1 and 4500 1 batch-type ferm entors of 
novel design are being used to process test 
quant ities of enriched cassava (Azi et al. 
1975). 

The main feature of these fermentors is a 
self-aspirating agitator unit, by means of which 
air is drawn by suction down through a hollow 
shaft and out through the ends of the blades as 
the bollow impellor blades turn; tbus no air 
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Fig. 2. Minimal supplements required for opti­
mum protein production by A. fum igatus I-2 1 A in 
m edium containing wlwle cassava mas/1 (4% 
carbohydrate). 

compressor is required to force atr mto the 
fermentor. The process produces a high-pro­
tein product from cassava roots by means of 
an aerobic submerged fermentation in which 
nonprotein nitrogen is used for microbial pro­
tein synthesis at the expense of energy from 
the cassava carbohydrates. 

The build-up of inoculum is made in the 
laboratory where the culture is first increased 
in multiple bottles of an agar medium. This 
growth is then transferred to the 14 1 labora­
tory scale fermentar. Growth in this fermentar 
requires about 2 days before the culture is 
placed in the 300 1 fermentar. About 24 h later, 
this 300 1 volume is ready for transferring to 
the 4500 1 fermentar. 

The process at the pilot plant scale starts 
with fresh cassava roots, which a re washed to 
remove soil. Next, the whole root ( including 
the pe el) is ground to break open the cell walls 
to release the starch granules. This is done by 
passing the cassava through a rasper similar to 
those used in small cassava starch factories. At 
thís point t)le rasped cassava is lifted and trans­
ferred into the large fermentar, which is half 
filled with water, previously heated to about 
70 oc by the passage of steam through a heat 
exchanger. This temperature needs to be main­
tained for about 1 O minutes to gelatinize the 
starch and to prevent the development of fungi­
static activity in the mash (Reade and Gregory 
!975; Gregory et al. 1976a) Urea, a small 
amount of monopotassium phosphate and 
m ore water are added to bring the fermentar 
almost to its full operating volurne. The addi-
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tional water should lower the temperature to 
about 46-47 ·c. Sulfuric acid is used to bring 
thc initial pH to 3.5. The large fermentar is 
now ready fo r inoculation with the starter 
culture produced in the same medium in the 
small fermentar (300 1) . This inoculum is 
about 6.7 % of thc volume of the culture in the 
large fermentar. The fermentation is run for 
about 20 h, during which time the temperature 
is maintained by means of a temperature con­
troller that actuales a solenoid controlled water 
valve to regulate the flow of cooling water at 
ambient temperature. 

Once the culture completes its growth, part 
of thc biomass can be saved as a startcr culture 
for a second batch. The remainder of the bio­
mass is harvested by means of a roller-press 
dcvice designed for this process. 

The biomass produced by this process will be 
mixed with more cassava or any other appro­
priate ingredient to lower thc protein content 
to the desired lcvel, for feeding as a moist 
ration to growing pigs. Becausc the material 
would spoil if stored wet, it is preferable to 
obtain a stable dry product for experimental 
purposes. The material becomes dark and hard 
when oven dried , but it can be dried by ex­
posure to the sun and air. 
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Lipase Activity and the Conversion of Fat to Carbohydrate 
in Cassava 

Frederick Nartey1 

The activities of lipase, isocitrate 1yase, and malate synthetase were investigated in 
cassava. The enzymes were present in mature dry seeds. Their activities increased gradually 
during the initia1 phase of germination. In the postgermination period of growth in the 
dark, however, the activities of these enzymes increased rapidly, and reached their peaks at 
the period of maximum carbohydrate synthesis and storage, which nearly coincided with the 
period of maximum lipid degradation. This indicated that the fat-carbohydrate mechanism 
in cassava involves the key enzymes of tbe glyoxylate cycle. 

Lipids and proteins forro the majar con­
stituents of the storage reserves in mature cas-

1 Jnstitute of Plant Pbysiology, University of 
Copenbagen, (/J . Farimagsgade 2A, 1353 Copen­
hagen K., Denmark. 

sava seed kernels. Free fatty acids are com­
pletcly absent, and carbohydrates occur to a 
minar extent (Nartey et al. 1973). The gcrmi­
nation of cassava seeds is accompanied by a 
gradual degradation of lipids and a rapid 
breakdown of proteins. However, during the 
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postgermination phase of growth, a rapid deg­
radation of lipids occurs and results in the 
mobilization of approxímately 62% of total 
storage lipids ·within 14 days. Meanwhile, de 
novo protein synthesis is initiated, resulting in 
a relatively large turnover of proteins (Nartey 
et al. 1974). 

The rapid degradation of lipids during the 
postgermination period is concurrent with the 
accumulation of carbohydrates. This offers 
evidence for the operatíon of a fat-carbohy­
drate mechanism in cassava during germina­
tion and growth in the dark, which is further 
stimulated by illumination. 

Oleaginous seeds mobilize and utilize fat for 
carbohydrate synthesis or respiration during 
germination and growth. In Ricinus communis, 
germination is accompanied by hydrolysis of 
triglycerides to free fatty acids, followed by 
their conversion to carbohydrate. However, in 
Citrillus vulgaris and Elaeis guineensis, lipids 
are not converted to carbohydrate, but are 
largely respired. 

During germination and growth of oleagi­
nous seeds, which convert fat to carbohydrate, 
the activities of lipase, the enzyme that cata­
lyzes the hydrolysis of lipids, increase with 
time. In Ricinus cummunis, germination is not 
only accompanied by an increase in the acid 
lipase activity, which is present in mature rest­
ing seeds, but also by the formation of a 
neutral andan alkaline lipase. Concurrent with 
the increases in lipase activities, the activities of 
the key enzymes of the fat-carbohydrate mech­
anism - isocitrate lyase and malate synthetase 
- also increase. Thus the increased activities 
of these enzymes lead to the rapid mobiliza­
tion and utilization of lipids for carbohydrate 
synthesis and storage until the total lipid con­
tent is greatly diminished. 

In our studies on lipid and carbohydrate 
metabolism in cassava (Manih ot esculenta 
Crantz) seeds and seedlings, it was found that 
most of the storage lipids are rapidly con verted 
to carbohydrate in the postgermination phase 
of growth (Nartey et al. 1974). It was there­
fore considered of interest to investigate the 
changes that occur in the activities of lipase, 
isocitrate lyase and malate synthetase, to pro­
vide more evidence for the operation of a fat­
carbohydrate mechanism via the glyoxylate 
e y ele. 

Results and Discussion 
Seeds and seedlings were either fine! y ground 
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Fig. J. Hydrolysis of endogenous /ipids by cassava 
ti pase. 

in a mortar with pestle or pressed in the french 
press with 0.2 M Tris buffer pH 7.0 containing 
0.05 M cysteine and 0.01 M EDT A for lipase 
isolation , and with 0.067 M phosphate buffer 
pH 7.6 for isocitrate lyase and malate synthe­
tase isolation. The brei was passed through four 
layers of muslin and centrifuged at 270 g for 
30 min to remove cell debris. The cloudy 
supernatant was recentrifuged at 10.800 g for 
30 min to obtain an upper layer fat-pad frac­
tion containing most of the lipase activity, an 
infranatant fraction containing most of the 
isocitrate lyase and malate synthetase activities, 
and a precipitate that was discarded. The two 
fractions were partially purified by extraction 
with ether, followed by dialysis and lyophyliza­
tion. 

Lipase Activity in Mature Dry Seeds: 
pH Optima 

Mature dry seeds had lipase activity, which 
increased with imbibition of water. The en­
zyme had two-pH optima, depending on the 
method of preparation. Enzyme preparations 
obtained by grinding showed an optimum at 
pH 7 .0, whereas preparations from the french 
press showed an optimum at pH 9.0. This in­
dicates the presence of two enzymes, one func­
tioning as a neutral lipase, and the other as an 
alkaline lipase. Both types of enzymes have 
been identified in germinating castor bean and 
Douglas Fir seeds (Ching. 1968, Muto and 
Beevers, 197 4). 
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Fig. 2. Electronmicrographs o/ thin sections through: (A ) the endosperm of mature dry cassava seed 
showing ce/ls fi/led with lipid bodies; (B) the endosperm of a 10-day-old etiolated seedling slrowing 
accumulation of starch in tire plastids; and (C) tire cotyledon o/ an 18-day-old seedling slrol\'ing de­
creasing lipid bodies and increasing accumulation of starch. 

Substrate Specificity 
Cassava lipase catalyzed the hydrolysis of a 

variety of oils, including endogenous Manihot 
oil, and exogenous Manihot oil, soybean oil, 
cotton seed oil, and olive oil. Fig. 1 shows 
cassava seed lipase activity on endogenous 

Manihot oil. In a typical experiment, the 
lipid-enzyme fat-pad was isolated intact, dia­
lyzed, and lyophylized. A portion of the prod­
uct thus obtained was homogenized in phos­
phate buffer pH 8.0, and the hydrolysis of 
ester bonds followed. 
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Fig. 3. Clranges in isocitrate fyase and malate syn­
thetase activities in cassava as a function of 
germina/ion and growth in the dark. Ac riviries 
were determined spectroplwtometrical/y. 

Cassava lipase isolated from imbibed seeds 
gave the following results (¡.Lmole ester hydro­
Iyzed in 30 min): Manihot oil 0.40; soybean 
oil 0.45; cotton seed oil 0.40; olive oil 0.75 ; 
triacetin 0.05 ; tributyrin 0.12; triolein 0.30 ; a nd 
trilinolein 0.50. The cassava lipase catalyzed 
the hydrolysis of Manihot and soybean oil at 
nearly equal ratcs. This is probably due to the 
nearly identical concentrations of triglycerides 
of linoleic, oleic, and palmitic acids present in 
Manihot and soybean oil (Nartey and Mf/Jller 
1973) . Although the enzyme showed a broad 
substrate specificity, it was more active on trio­
leín and trilínolein. This indicates a substrate 
preference of triglycerides of long chain fatty 
acids with one or more double bonds. 

Changes in Lipase Activity During 
Germination and Growth 

Lipase activity in cassava seeds in creases with 
germination and reaches a peak after 9 days. 
After 18 days, another peak is reached which 
coincides with the period of maximum lipid 
degradation. Fig. 2 illustrates this tendency at 
the cellular leve! and shows that lipid bodies 
present in mature dry seeds we rc hydrolyzed 
a{ ter 1 O days, giving rise to the accumulation 
of sorne carbohydrate in plastids; after 18 days 

most of the lipids disappeared, giving rise to 
more carbohydrate. 

lsocitrate Lyase and Malatc Synthctasc 
As sta ted earlier, both soluble carbohydrates 

and starch bcgin to accumulate after 9 days. 
Accord ingly, thc enzymes concerned with the 
conversion of fat to carbohydratc were investi­
gated during the period of germination and 
growth in the dark. It was found that dry seeds 
possess low activities of isocitrate lyase and 
malate synthetase. However, on germination, 
their activities incrcased, reaching a peak at ap­
proximately 15 days. nearly coinciding with the 
period of maximum degradation of triglyc­
erides by lipase. Fig. 3 illustrates the activities 
of the key cnzymes of the glyoxylate cycle in 
cassava seeds gcrminating and growing in the 
dar k. 

The above data gives further evidence that 
the operation of the fat-carbohydrate mecha­
nism in cassava seeds during germination and 
growth involves the key enzymes of the gly­
oxylate cycle, namely, isocitrate lyase and 
malate synthetase. Togethcr with lipase, the 
activity of which also increases severa! fold 
with germination and reaches a peak in the 
postgermination period of 9-18 days, these 
enzymes give rise to carbohydrate for storage 
and metabolic processes. 

This investigation was supported by a Dan ida 
Grant (Danish International Development 
Agency, Ministry of Foreign Affairs) wbicb is 
gratefully acknowledged. The Natural Science 
Council of Denmark provided travel funds lo the 
autbor. 
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A System of Food Delivery from Root Crops 

T. O. M. Nakayama, James H. Moy, and Jose L. F. da Fonseca1 

The production of stable convenience foods from roo! crops involves severa! steps 
tbat m ay be takcn in di verse orders. For taro ( Colo"tasia escrtle11twn ), it is possible to 
separate tbe acridity factors by gravitational means, stabilize the material by dehydration, 
and utilize it as the main componen! in a noodle like food that can be prepared by simple 
cooking. Tbese steps are part of a larger study aimed al the en:ire system of delivering food 
calories from root crops. 

The eollege of Tropical Agriculture of the 
University of Hawaii has cngaged in produc­
tion studies of taro for at least 75 years. The 
industry today is characterized by having one 
main product, poi. The eollege in cooperation 
with the U.S. Department of Agriculture has 
undertaken a study to clucidate the energy and 
materials rcquirements for a system that de­
livers food calories from root crops. The com­
modities chosen were taro (Colocasia esculen­
lllm) and sweet potato (/ pomoea batatas). 

Procedures 

The arcas of activity are: production; pro­
cessing: and distribution. They were delineated 
by definite practica! situations. Thus produc­
tion and processing were enjoined when the 
cleaned root was put on thc table. Likewise the 
processing and distribution phases were inter­
faced when a suitab le stable product was pro­
duced. The product was tentatively describcd 
as bcing stable in storage at 38 · e for 1 year 
and rendered edible by using no more en­
crgy to prepare than that for cooking rice. The 
distribution phase was completed when the 
material was ingested. 

Arcas of activity were then translated into 
tasks which serve as the bas ic inputs for a 
systematic examination of the delivery system. 
Thc activities of the processing section on taro 
will be described here as a n example of the 
study. The study on sweet patato will follow a 
similar formal. 

The task of the group is to transform the 
perishable raw food value ( calories) into stable 
edible calories with a mínimum of expenditure 
of energy and materials. 

lNakayama and Moy. Department of Food 
Sciences and Technology, University of Hawai i, 
Honolulu, Hawaii, and da Fonseca. Centro de 
Prequisas e Desenvolvimento. Babia, Brasil. 
Journat Series Publication No. 2009 of the Hawaii 
Agricultural Experiment Station. 

To accomplish this there were at Ieast three 
tasks to be performed: processing to remove 
the acrid taste, dehydration to stabilize the 
material , and storage to prolong the shelf li fe. 
Conceivably, there are severa! dífferent routes 
in which these tasks could be performed. Like­
wise, there are many ways to accomplish each 
of these, either energy-intensive or labour-in­
tensive. 

Results and Discussion 
Removal of the acrid taste could be accom­

plished by removal of the raphide (needles of 
calcium oxalate) containing cells (Sakai et al. 
1972) or destruction of the acrid factor by 
hcat, i.e. processing at 121 · e for 1 h. The 
latter has the effect of gelatinizing the starch, 
which occurs at 75-85 •e (Goering and De 
Haas 1972) and renders the material difficult 
to dry. It was found that the raph ide-containing 
cclls could be removed by settling. Thus the set­
tled materia l conta ined 0.16 % calcium, whereas 
the supernatant suspended material contained 
0.03 % Ca (w/w ) . The acrid taste was only 
apparent in the settled residue. Dehydration 
was studied by solar, hot air, vacuum, and 
freeze-drying. lt was found that all of the 
mcthods could effectively dry the material in 
the form of slices under the conditions in 
Hawaii. Yields of d ry material averaged 27-
3 1 % based on the fresh weight of corms. 
Residual moisture of the dried slices varied 
from 2.3 to 5.5 % wet weight basis, with freeze 
dried samples having the lowest residual mois­
tu re and sun-d ried samples the highest. A 
slurry could be dried at 60 · e in 4 h under 
similar conditions. 

Materials prepared under these conditions 
are now being studied for changes in storage 
under adverse conditions of temperature and 
inscct exposure. 

The material so prepared could then be used 
to form noodles by a process of kneading, 
rolling, and cutting. It was found that the ma-
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terial did not form noodles with the capacity to 
retain their shape upon boiling for 1 O m in. 
However, upon the addition of 1 0-20% soy 
flour, nood1es that retained theír shape were 
obtained. The addition is at the interface of 
processing and distribution. Such additions 
may be considered to be preventive measures 
to ensure against malnutrition índuced by a 
convenient and inexpensive food staple. 

Conclusions 

The production of stable convenience foods 
from root crops involves severa! steps that may 
be taken in diverse orders. For taro, it is pos-

sible to separate the acridity factors by gravita­
tional means, stabi lize the material by dehy­
dration, and utilizc it as the main componen! 
in a noodle like food that can be prepared by 
simple cooking. These steps are part of a 1arger 
study aimed at the entire system of delivering 
food calories from root crops. 
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Properties of the sma/1 granule starch from 
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Sakai, W. S., Hanson, Micbael. and Iones. R. C. 
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Mechanization of Y am and Sweet Potato Production 
in Barbados 

J. P. W. Jeffers1 

A locally constructed planter and an imported transplanter were used to plant yam 
and sweet potatoes respectively on a field scale. Harvesting was carried out using a locally 
constructed harvesting-aid and an imported digger-elevator. The digger-elevator was 
successful in sweet potatoes, but will have to be modified to work on yams. 

Yams (Dioscorea afata) and sweet potatoes 
(Ipomoea batatas) have long been cultivated 
in Barbados. Traditionally, they have been 
planted with sugar cane in either "thrown-out" 
or in preparation land. In recent years, due to 
the increasing labour shortage and to the physi­
cal effort involved, attempts ha ve been made to 
mechanize the production of these crops. 
Mechanized production of sweet potatoes is 
very advanced, however mechanized planting 
of yams has been attempted but not yet per­
fected. 

Preparation land may be cultivated with 
ridges 168 or 84 cm apart in keeping with the 
practice of planting sugar cane on ridges 168 
cm apart. It is now recommended that the 
84-cm ridgcs be used for yams and sweet po­
tatoes rather than the previously used 168 cm. 
This recommendation is based on earlier work 
where we showed that larger yields and better 

lMinistry of Agriculture, Science and Tech­
nology, Bridgetown, Barbados. 

sized and shaped tubers were obtained from 
the smaller ridges. 

Mechanized Production of 
Sweet Potatoes 

Sweet potato slips are normally planted by 
hand and after one or two hand weedings are 
harvested with a garden fork. This production 
method is labour intensive, time consuming, 
and physically Jaborious. 

Planting 

A mechanical two-row transplanter was ob­
tained in 1973 for use mainly with vegetable 
crops. We decided to plant potato cuttings or 
"slips" with the transplanter, and changed only 
the seating arrangement to seat four persons. 
The land was ploughed and harrowed to obtain 
a well cultivated ftat seedbed . The transplanter 
was then used to plant the slip burying the butt 
end at least 10.6 cm in the soil. In operation, 
the planters work in pairs, one pair to a row. 
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The individuals in a pair work alternately 
putting the slips in the planting pockets, result­
ing in an output of 1.5 ha/ h. 

lntercultivation 

After the slips have rootcd and started 
growing it is necessary to ridge them up to 
crcate an arca for the formation of tubers and 
to control weed growth. The ridgcs should be 
84 cm, obtained by using rotary cultivators. 
Two operations are normally used for ridging 
u p. 

Harvesting 

Earlier work identified two implements that 
could be uscd for harvesting swect potatocs. A 
locally constructed "harvesting aid" has becn 
successfully used. It consists of a 1 O. 1 X 15.2 
cm mounted too! bar fittcd with two subsoiling 
tines placed 102 cm apart. The shoes are joined 
by a straight blade 102 x 20.3 cm madc of 
1 -cm thick steel. On the trailing edge of the 
blade fivc 2.5-cm diameter rods were welded 
16.5 cm apart and protruding backwards 38 
cm to assist in separating the soil from the 
tubcrs. This implement is relativcly inexpen­
sive and cfficient. The vines must be removed 
to preven! clogging, and a simple device has 
been devised to cut the potato vines. This con­
sists of two pairs of angled discs set 1 02 cm 
apart to cut and clear the vincs from the path 
of the subsoil standards. 

The second harvester is an imported diggcr­
elevator. This is a PTO operated digger con­
sisting of an under-cutting blade and shaker 
chains that elevate the tubers and sift out most 
of the soil, dropping tubers and remaining 
debris from the rear of the elevator. 

Results 
The harvesting aid can bring an 84-cm row 

of sweet potatoes 100m long in about 7 min. 
The collection, grading, bagging, and loading 
take appreciably longer. In 3.5 h the digger­
elevator harvested 27 000 kg of potatoes by 
one operator. The incidence of damaged tubers 
in each case was less than 5% by weight. 

Mechanized Production of Yams 
There are certain prerequisites to successful 

mechanization of yam production : ( 1 ) yams 
must be grown in pure stands because it is 
impractical to harvest mechanically from be­
tween young sugar cane; and (2) land must be 

Table l. Comparison of harvesting methods on 
damage to yams. 

Wt. of 
whole 

Rid~e yams r r· , e 
spacmg row Total/ break-

Method (cm) (kg) row age 

Manual (fork) 168 185 370 so 
Harvesting aid 168 285 346 19 
Manual (fork) 84 314 466 33 
Harvesting aid 84 259 340 24 

preparcd and tubers planted to suit thc har­
vester. Good land preparation is essential and 
positioning of the seed pieces is critica! if the 
maturc tubers are to be conveniently located 
for harvesting ( Chandler 1973). 

Plaoting 

Mechanical planting has been tried only on 
the ridges spaccd 1 68 cm apart. The planter is 
simple, consisting of a double tool-bar with 
conventional three-point mounting to which is 
attached subsoil tine moulding discs, boxes for 
seed pieces, and the operator's seat. A 15.2 cm 
diameter tube is attached behind the tine 
through which seed pieces are dropped into the 
furrow opened by the tine. 

In operation, the tine and tu be travel 10- 15 
cm below the apex of a previously prepared 
ridgc. Yams are deposited at this depth and are 
covcred when the ridge is reformed by the 
moulding discs. This planter has a working 
ratc of 1-2 ha / da y depending on operating 
conditions, and requires one driver and a 
planter operator. 

Harvesting 

The harvesting-aid has been used to harvest 
both hand and mechanically planted yams. The 
mechanically planted yams were grown on 
ridges 168 cm apart while the hand planted 
crop was grown on 84 cm ridges. Observations 
were made on the rate of work, the amount of 
damaged tubers, and comparisons were made 
with hand harvesting. 

From an area of 1 .1 ha planted on 168-cm 
ridges, a yield of 26 283 kg was obtained, 
whereas 1 .03 ha planted in 84 cm ridges 
yielded 3 1 034 kg of yams. Table 1 shows the 
comparison of harvesting rnethods on damage 
to yarns. 
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Discussion 
The yield of yams íncreases as the síze of the 

ridge decreases. On the larger ridges, the tubers 
were large and irregularly shaped. On the 
smaller ridges, the tubers were smaller and 
more regularly shaped. 

Mechanical harvestíng of yams and sweet 
potatoes could save about $100.00 ( Bds) 1 ha. 
Mcchanica1 planting and intercultivation of 
sweet potatocs could save about $150.00 
( Bds) / ha. 

Summary of Discussions 

U tilization 
Rapporteur: Truman P. Phillips 

Discussion Leaders: O. L. Oke and Truman P. Phillips 

The discussion centred on th ree topics: the 
benefits of potatoes in the tropics; the in­
adequacies of the data presented; and the bene­
fits of other root crops in the tropics. 

Supporters of potatoes in the tropics high­
lighted the adaptability of the potato to numer­
ous climatic zones, and the importance, or 
growing importancc, of potatoes in the diets of 
many regions of the tropics. lt was also noted 
that the short growing season of the potato 
suggests the potential of using it in a multi­
cropping sequence. 

The data presented by Thompson et al. werc 
criticized for too often being based on tem­
perate country information, and failing to com­
pare potato productivity with other tropical 
root crops. For example, potatoes are the 
fourth most important staple at the world leve! , 
but in the tropics potato production is only a 
fifth of cassava p roduction, and is only slight1y 
greater than sweet potato or yam production. 
Also, given current practiccs it is unrea1istic to 
suggest that in the tropícs potatoes can provide 
the 'complete protein value' for 23.5 persons/ 
ha (although this may now be possible in 
temperate countries). 

The nutrient potential of other tropical root 
crops was best summarized by Oke. H e noted 
that in the tropics cassava is the cheapest 
source of calories and is the most widely 
grown tropical root crop. lt is the most produc­
tive farm crop, yielding edib1e nutrient equiva­
lent to an average of o ver 13 million K cal/ acre 
compared with 9 million for yam and 1 million 
each for guinea corn and maize. Over 8 mi Ilion 
tons of cassava are produced annually in N i­
geria, contributing about 16% of the total 
caloric and 5% of the protein intake. FAO 
estimated cassava intake in 14 tropical coun­
tries to be between 269 and 11 93 calories/ da y, 

represent ing 10-58 % of requirements. 
Yam is a more nutritious root crop, with an 

annual production of over 12 million tons, 
contribut ing 13% of the total caloric intake 
and 11 % of the protein. Like cassava it is de­
ficient in the sulfur amino acids. Cocoyam 
and potato (sweet and l rish) a re not utilized 
to as great an cxtent as yam or cassava, seem­
ing1y because they grow wild. 

It is, however, not the individual nutrient 
value of foods that is important, but the total 
nutrient value of the diet. 

Basic foods in the African diet are : (1) cas­
sava fermented to give fufu or served and 
fried to give gari. This is usually eaten with 
vegetable stew and meat; (2) yam boiled and 
pounded to give a pudding, iyan, or alterna­
tively, sliced, dried in the sun, and powdered. 
The fine powder is made into a thick paste with 
hot water, a mala. In both cases the product 
is eaten with vegetable stew and meat; and (3) 
cocoyam grated, wrapped in banana leaves, 
and steamed. Again, this is eaten with vegetable 
stew and meat. Obviously, thc nutritive value 
of each of these will depend on the quantity 
used and the nutrit ive value of the meat or fish. 

But it has been noted by numerous research­
ers that sulfur amino acids a re the first limiting 
factors in diets based on roots and tubers. 
Nevertheless, these foods. in addition to pro­
viding 1arge percentages of ca1oric require­
ments, account for substantial proportions of 
protein, calcium, iron, and vitamin C. 

In conclusion it is difficult, if not impossible, 
to visualize how tropical diets can be main­
tained without the traditional root and tuber 
crops. The potato, howcver, becomes im­
portan! when considered to be complementary 
rather than competitive with other root and 
tuber crops. 


