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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 Ctli, 
Colombia, from I to 7 August 1976. Over 170 scientists from 44 countries took part in 
the sessions. 

The participants were welcomed to CIAT by its Director-General Dr John 
Nickel, who stressed the importance of tropical roots and tubers in he 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 Colornbiano 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 fl tally by Mr D. G. Coursey the Society's President. 

The week-long symposium focused consecutively on four main themes: (1) 
Origin, dispersal, 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 topic 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 some 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 ,ubmitted 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, financial assistance to the Symposium 
was provided by CIAT, IDRC, and USAID. IDRC is pleased to he asociated 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 form rather 
than in question and answer style. This has only been possible through the collabora
tion of a number of Societ. 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. Nestel 
Associate Director 
Agriculture, Food and Nutrition Sciences Division, IDRC 
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Welcoming Address on behalf of the Government
 
of Colombia
 

Dr Josue Franco M.
 
Director General
 

Instituto Colombiano A gropecuario (ICA)
 

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 famin;es 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 some varieties of corticoid substances with widely known medicinal uses. Let us 
hope that the other plants you 'ire studying with such dedication will contain 
equally important elements that will gain public attention, in addition to meeting 
the food needs of an ever-increasing population. 

I 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. The percentage protein content of some root crops 
barely exceeds 2%. In experimental trials, ICA has obtained yields of 40-60 tons/ha 
from both cassava and potatoes. This illustrates the 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 
little scientific study. As you see, it is easier to solve the caloric deficit than the 
protein one. Thus, the efforts 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 will 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. 

I 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 behalf of the Food and Agriculture 
Organization of the United Nations 

Dr H. A. AI-Jibouri 

SeniorOfficer, Field Food Crops Group
 
Plant Productionand Protection Division
 

FAO, Rome, Italy
 

On behalf of the Food and Agriculture Organization: I 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 thigathering.

Furthermore, I 	am particularly pleased to convey the enthusiasm and support
of Dr Felix Albani, Director of the Plant Production and llrote tion Division, who 
has made it possible for several of his staff members to par:icipat, in and contribute 
to this meeting. 

FAO is very pleased to le associated with this symposium, and has actively
participated in the previous ones. Delegates may be interested to know of FAO's 
activities in the field of tropical root crop production and improvement since the 
Third Symposium. With financial 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 progiams related to the 
breeding, agronomy, and protection of root crops. UNDP has agreed, in principle, 
to provide more than US $70) 000 for a regional project on "Root crops develop
ment in the South Pacific." Another inter-country project for Africa entitled 
"Network of research stations on root and tuber crops" is also tinder 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 he published. 

In the field of exchange of disease-free planting material FAO's role is to 
facilitate the shipment 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 International Society 

for Tropical Root Crops 

D. G.Coursey 
Tropical ProductsInstitute
 

56-62 Gray's Inn Road, London, England
 

At the end of my term as President, it is an honour and a pleasure to welcome 
you on behalf of the International Society for Tropical Root Crops to this fourth 
International Symposium. This is the first truly international symposium on tropical 
root crops held in Latin America and it is most appropriate that Colombia is the 
host country. Other Latin 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 importarht 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 of 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 CIAT, one of the newest institutions 
among those devoted to international research on agriculture. CIAT 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 
agricultural 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. lbadan, 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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I would like to express our appreciation to CIAT for having offered its premises 
and facilities for this gathering. I also want to thank the Colombian government 
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 have 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 Dispersal

of Root and Tuber Crops
 

Jorge Lion1
 

Tropical root and tuber crops have been domesticated in Southeast Asia, west-centralAfrica. and tropical Latin America (including the high Andes). The crops belong todifferent families. Species of the one genus (Dioscorea) were domesticated independentlyin each of the three regions. Species of Colocasia and Xanthoonia (family Araceac)Pac'hyrrlizusand Pueraria (family Lcguminosae) 
and 

were domesticated in separate regions.Many of these crops have restricted areas of distribution due to physiological requirements
and are becoming relict crops.Roots and tubers are ancient crops, and even today support groups of people whogather them from wild plants. Poisonous, acrid, or bitter qualities were found in the mostimportant crops by early man, who learned how to remove or destroy these undesirablequalities. Most of the root and tuber crops are polyploids, and most of them are vegetativelypropagated. Fertility traits are therefore of special importance in their evolution undercultivation, but there is no evidence that clonal propagation has led to sterility. Informationon their evolution is extremely scarce as cultural sources, archaeological, linguistic, andhistoric information is scanty and unevenly distributed. On biological sources, comparative taxonomy. mctaphase cytology, and hybridization have given sonic important clues,but there is still very little information available on the evolution of these species.Root and tuber crops dispersed slowly between Southeast Asia and Africa. Afterthe seventeenth century a very active interchange occurred especially with the Americancrops. Since then, there has been a continuous replacement of crop species, especially inAfrica. The sweet polato, of American origin, was found in Oceania when the Europeansarrived, but no satisfactory explanation of how it got to Polynesia has ever been made. 

Root and tuber crops are thought to be of lion" with cereals. In vegetative propagationancient origin, and are often regarded as relics primitive farmers apply simple husbandry, butof primitive agriculture. This concept is based the same is true when they grow seed crops. Onon the important role these crops play in exist- the other hand, some vegetative crops, such asing primitive societies, and on the rudimentary potatoes, have reached an advanced stage ofhusbandry they require, particularly vegetative production and technology, comparable topropagation. These crops are easily adapted in many other crops. The view persists, however,the less-advanced agricultural systems because that vegetative propagation represents a lowof their high yields, resistance and earliness, stage of progress, and a distinguished cytoand in the dietary pattern by their bulk and geneticist in his interpretation of historytaste qualities. (Darlington 1969), points to "the fatal abun-Since the last century., geographers and an- dance of tropical root crops imported fromthropologists have contrasted root and tuber Asia and America" as one of the main factorsproduction, which includes clonallyother in the decline of Africa.propagated crops such as baaanas, breadfruit, The contrasting of agricultural systemssugarcane, with seed agriculture. 'egetative based on the differences between seed andpropagation, developed in tropical regions. is clonal propagation is a simplification of aassumed to be a static system, whereas problemseed that is too complex to be reduced toagriculture is associated with the development the duality of planting materials. 
of more advanced societies. Geographers and
historians are tempted to associate "civiliza- The Basic Materials 

Roots and tubers are storage organs that are'Programa de Gcermoplasma, CATIE, Turrial. developed in many families of plants, probablyba, Costa Rica. as a result of selective pressures in environ

20 
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ments with varying amounts of rain. The 
storage organs 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 tern-
porary 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 
permanent 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 organs. Frequently, there are 
poisonous, bitter, or acrid substances in the 
storage tissues, which present an obstacle to the 
utilization of roots and tubers. However, these 
substances are a deterrent 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) varies 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 
develop around vascular elements. Storage 
stems are of different kinds (e.g. rhizomes, 
tubers, and corms), and as in roots, the storage 
tissues may derive from different types of 
cambium. In most of the root and tuber crops, 
storage organs are more than 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 artificial 
groupings. Thus, temperate species utilized for 
their roots or stems (radishes, beets) are con-
sidered as vegetables, whereas tuber crops
yielding essential oils (ginger) are included 
among the spices. The present discussion is 
limited to tropical and subtropical species used 
mainly for their starch content as energy foods 
(Table I). 

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 some of the root and 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 
traditional 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 some genera, like Xanthosoina, the taxo
nomic status is extremely unsatisfactory; the 
abundant synonymy in the aroids 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 or a 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 lponoca from Mexico, has been con
sidered as an ancestor species (Nishiyama 
1971) or a weedy variety of the sweet potato 
(Martin et al. 1974). 

Cytological studies are interrelated with 
taxonomy and both have helped to solve some 
problems. But it is surprising how little is 
known in this field. Of some of the cultivated 
species there is no information even on chro
mosome number. On the other hand, some of 
the root tuber crops offer technical problems 
such as chromosome size and high number, 
which make it difficult to detect possible link
ages or identification points. 

There is a trend to attribute to interspecific 
hybridization the origin of most cultivated 
plants, especially if they are polyploids. In 
roots and tubers, sweet potatoes (Nishiyama 
et al. 1975), African yams (Ayensu and Cour
sey 1972), common potatoes (Dodds 1965), 
and others have been assigned such origin, 
and putative parents have been suggested for 
some of them. Genome identification lends 
some support to this contention, but it is very 
difficult to obtain definitive evidence from 
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Table 1. Tropical and subtropical species used mainly for their 
starch content as energy foods. 

Monocotyledoneae 
Agavaceae 
Araceae 

Cordlie terminalis 
Alocasia 

Ti, palm lily 
Ape, biga, birah 

Amorpisophallus Suran, elephant yam 
Colocasia Taro 
Cyrlospertna 
Xanthosoma 

Cannaceae Canna edulis Achira 
Cyperaceae Cyperus esculentus 

Eleocharis tuberosus Water chestnut 
Dioscoreaceac Dioscorea (12 specits) Yam 
Marantaceae Afaranta arundinacea Arrowroot 

Calathea alfiia Lairen 
Taccacaeae 
Zingiberaceae 

Tacca leontopetaloides 
Curcuma angustifolia 

Pia, Polynesian arrowroot 

Curcuma zeodoaria 

Dicotyledoneae 
Basellaceae 
Compositae 

Ullucus tuberosta, 
Polvinniasonchifolia 

Ulluco 
Yacon 

Convolvulaceae Ipomoea batalas Sweet potato 
Cruciferae 
Euphorbiaceae 

l'pidium ineenll 
Maihot esculenta 

Maca 
Cassava 

Labiatac Plectranthusesculentus 
Solenostemon rotundifolius 

Kafir potato, dazo 
Hausa potato 

Stach's sieboldii 
Leguminosae Pachyrrld:us (spp.) Ahipa 

Psyphocarpus tetragonolobus Sigarilla 
Puerarialobata 

Oxilada.eae 
Sphenost'lis stenocarpa 
Oxalis tuberosa Oca 

Solanaceae Solain tuhIrosum Potato 
Tropacolaccae 7'ropaeoleut tuberosum Mashua 
Umbelliferae Arracacia xanthorrhiza Arracacha 

hybridization work. Often the terms "nobiliza- of somatic mutation in the evolution of these 
tion" or 'ennoblement" are applied to root and crops. However, hybridization in these crops is 
tuber crops, meaning improvement by primi- a potential force of considerable value for 
tive agriculturists. These terms imply a planned further improvement (Abraham ct al. 1964). 
hybridization, as in sugar cane breeding, 
which is not the case in root and tuber crops. Polyploidy 
On the other hand, information obtained from 
hybridization aimed at crop improvement is As expected in cultivated crops, a good num
rather incidental to crop evolution, ber of root and tuber crops have different 

As a main force in evolution, the impact of ploidy levels. The early cytological studies on 
recombination is possibly less evident now than potatoes led to the separation of the numerous 
in the past. Under original conditions, root and cultivars included in Solanum tuberosum into 
tuber species were closer to their primitive al- several species (Juzepczuk 1937), or into one 
lies and hybridization may have been more species formed by five groups and two hybrids 
frequent. But as man moved them to new en- with other species (Dodds 1962). The culti
vironments, not only did the possibility for vated diploids have been derived either from 
further crossing and segregation decrease, but wild diploids, again with no total agreement 
the mechanisms of seed setting and sexual re- on the identification of the ancestors, or from a 
production were affected. The practice of vege- primitive complex in which many diploid 
tative propagation helped to reduce the im- species may have taken part (Ugent 1970). 
portance of segregation and increased the role The tetraploids may have arisen through allo
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polyploid or doubling of diploids (Simmonds
1976); the triploids as hybrids of tetraploids
and diploids; and a pentaploid group from 
crosses between a triploid (unreduced gametes)
and a tetraploid (Ugent 1970). 

Perhaps the group of root and tuber crops in 
which polyploid is most complex isDioscorea, 
but here again the studies have been scarce and 
isolated. In D. alata, a survey of chromosome 
numbers in Indian cultivars has established a 
series of 2n = 30, 40, 50, 70 for different 
clones that do not show phenotypical differ-
ences (Sharma and Deepesh 1956). Also poly-
somaty has been detected in this species, and 
this could be a possible source of new types
through vegetative propagation. In D. bulb-
i/era, there are morphological differences in
the cultivated types of Africa and Asia, the 
former being considered by some authorities as 
a distinct species. Cytological counts tend to 
support such differences. 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 
(Martin 1974). Other polyploids are D. escu-
lenta, 2n = 40, 90, 100; 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 have 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, New 
Caledonia, and New Zealand in the other. But 
east of 1800, 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 the sweet potato, a 
hexaploid, 2n = 90, which could be derived, 
as has been proved experimentally, in two 
ways: (I) by the multiplication of a diploid
(. leucantha), or (2) by the duplication of a 
triploid resulting from the crossing of a diploid
(I. leucantha) and a tetraploid (I. littoralis).
The resulting hexaploid, 1.trifida, isconsidered 
a primitive form of 1. batatas (Nishiyama 
1971). As two of the three genomes in the 
sweet potato show more homology with each 
other than with the third (Magoon et al. 1970), 

the second process is more likely to have 
occurred. Other species showing different levels 
of ploidy are: Maranta arundinacea, tetra
ploid; Canna edulis, triploid; Ullucus tuber
osus, triploid; Oxalis tuberosa, hexaploid; 
Tropaeoleum tuberosun, hexaploid. On the 
other hand, the cultivated Xanthosomna (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 nucleolar chromosomes 
and some chromosome duplication at pachy
tene, suggest that cassava is possibly a seg
mental allotetraploid (Magoon et al. 1969; 
Jennings 1976). 
. There are several questions to consider in 
relation to polyploidy. For example, does it 
have any significance, as in other crops, on the 
size 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 alata series mentioned 
above. 

In triploids of Canna edulis, the starch con
tent is almost three times higher than in the 
diploid, but there is no information on yield
(Mukerjee and Khoshoo 1971). On the other 
hand, induced polyploids in cassava, assuming
that it is a diploid, are not superior in yield to 
diploids. In Ipotnoea, wild hexaploids do not 
show any root thickening, and therefore, the 
domestication character may result from pro
cesses other than polyploidy. 

It is well known that most polyploids have a 
wide adaptability to new conditions. In culti
vated polyploids, this characteristic aided by
cultural practices, especially crop protection, 
is a key factor in their success and expansion.

Finally, an important aspect is to consider 
the possible relationships between polyploidy
and vegetative propagation. Through the latter, 
a not fully balanced allopolyploid, for instance,
could be multiplied and meiotic irregularities 
or gene-determined sterility bypassed. Such 
polyploids may spread, through clonal propa
gation, in a way that would be difficult through
seed reproduction. 

Fertility and Vegetative Propagation 
Vegetative propagation is necessary in most 
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root and tuber crops because of their ineffi-
ciency in producing seed, a result of natural and 
cultural factors. Among the natural factors are 
incompatibility, dichogamy, abnormal seed 
and seedling development, seed dormancy, and 
pests and diseases attacking flowers and seeds. 
Cultural factors are equally important. First, 
man has taken clonal crops to regions where 
environmental conditions do not favour seed 
setting. Second, 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 may have 
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 
sterility, or has an indirect effect as it permits 
the cultivation in environments unfavourable 
for seed setting. However, some recent work in 
Nigeria shows that seed production is higher
in yams coming from seed-producing plants 
than those obtained from tubers of continuous 
clonal propagation (Sadik and Obereke 1975). 
This could be due to the nature of the samples 
studied, but is worth further study. Some ex-
perimental work in cassava (Jennings 1963) 
showing different degrees of male and female 
sterility in hybrids and backcrosses may be 
partly due to the different materials used and to 
environmental effects, 

As was said before, all root and tuber crops 
set seed. Reluctant clones are found, but ex-
perimental work shows that it may be possible 
to promote the formation of viable seed by 
changing environmental conditions or manipu-
lating the flowering process. In cassava, flower 
induction has been obtained by moving plants 
to higher altitudes (above 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 

seed production in taro (reports from Papua 
New Guinea, Raratonga, Philippines) could be 
due to harvesting practices. In yams, seed set
ting is often limited by harvesting practices, but 
with some African species the constraints for 
sexual reproduction include a large number of 
male clones, imperfect seed, and dormancy 
periods. In potatoes, seed reproduction and fac
tors conditioning low setting are well known, 
but even hybrids of induced haploids can set 
seeds under special conditions of temperature 
and air moisture (Subramanyan ct al. 1972). 
All the Andean tubers produce abundant seeds. 
In oca (Oxalis tuberosa), however, seeds are 
extremely scarce ii field conditions, but if pro
tected from wind and frost, which produce 
abcission of the inflorescences, seed setting is 
normal (Alandia .;7). In arracacia, seeds are 
produced the second year but as the root ma
tures in 8-14 months, flowers and seeds are 
rarely seen. 

Vegetative propagation as a cultural practice 
is very important in the evolution of root and 
tuber crops. In modern agriculture, it permits 
the multiplication of superior and uniform ma
terials in large monoclonal plantings. This 
leads to a continuous replaceme.t of cultivars 
when superior clones become available, with 
consequent losses in germ plasm. in addition, 
monoclonal plantings may be wiped out 
quickly by diseases or pests. Vegetative propa
gation materials may become sinks of viruses 
and mycoplasma, and are subject to physio
logical degeneration also requiring clonal re
placement. Under systems of primitive agricul
ture the effect of changes in planting materials 
is of less importance, as the standard practice 
is to plant several 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
cially in monoclonal plantings, is an important 
restriction in increasing variability. In species 
of imperfect evolution, sexual reproduction is 
a second best choice in their reproductive 
system (Martin 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 
important role. However, any new type has 
to be carefully evaluated before determining 
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 I:1000 (Yen 1974). 
In more reduced samples of improved clones, 
mutation rates vary from 0 to 2.9% (Hem-
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). 
Some may produce subclones that differ in in-
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 have any agricultural 
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 
agricultural as-et. It is likely that the "magic 
gardens" of 0 e taro growers of Polynesia are 
collections of aberrant clones. A similar situa-
tion occurs in the mixed agricultural system in 
the Andes. Primitive farmers have learned by 
experience that some 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 ht,kqth, 

Several instan:es 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 Icaf up to insertion of the petiole, often 
blotched), or the branching in the corms of 
Xanthosoina and Colocosia, could also 5e 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 petioles of many taro ard Alocasia 
clones. Quite common are chimeras affecting 
colour or structure of the outer layers in tubers 
and corms. In potatoes and Ulluctus, buds 
coming out of areas of different colour give 
rise to different clones. In potatoes, it is com
mon to find purple areas in white tubers. In 
Ullucus, there is a group of clones with tubers 
either completely yellow or magenta or with 
large areas 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 decreasing 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. It 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 frequent. 

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 arc 
easily destroyed by fungi, bacteria, and in
sects. As well, most grow in wet regions and 
the materials preserved arc very scarce and 
irregularly distributed. Thc. presence of plant 
remains in dry areas, 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 important
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 dorrestication was initipf-d to answer 
the needs of primitive man for food, clothing,
body painting, medicines, and poisons. It could 
have been carried out in areas where materials 
for domestication were abundant bit also 
under the pressure of scarcity (Harlan and 
Zohary 1966). The common concept that plant
domestication led to the establishment of sed-
entary human communities is open to some 
questioning. Burkill (1960) suggested that 
fishing people, who were rather sedentary,
after a period 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 important not 
to generalize. 

Some domestication characteristics common 
in root and tuber crops are: (I) large size of 
edible parts: (2) earliness: (3) low content of 
poisonous or acrid substances; (4) attractive 
shape and colour; (5) shallow underground
growth: (6) sugar content. Other characteris-
tics, such as resistance to disease, may conic in 
more advance:d stages of agriculture. The size 
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 presence of bitter or 
poisonous substances in the edible parts. The 
discover) of techniques to eliminate these sub-
stances played a decisive role in domestica-
lion. The processes differed according to 
species. One special technique was washing the 
roots or tubers for many hours to remove 
poisonous principles. In the Andes this method 
permitted the use of bitter types of potatoes,
mashuas (Tropacolum), and oca (Oxalis).
This also led to the preparation of "chufio," a 
dry mass easier to store and transport than the 
whole tubers. Roastng 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 keep than the fresh product. The 
extraction of glucosides in cassava required the 
development of special techniques and tools. 

The planting and cultivation practices and
tools are less complicated than those used in 
preparing the crop for meals. The digging stick 
of the yam gatherers can be easily transformed 
into a planting tool. In Hawaii a very simple
instrument was developed to 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 select
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 management practices, man 
evolved more complex systems of agriculture.
In southeast Asia, terracing was developed for 
taro cultivation, which eventual', was adapted
for rice production. In the 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
tural system in western Europe or elsewhere in 
the world in the fifteenth century. 

Geographical Origin
and Early Dispersal 

Root and tuber crops were domesticated in
dependently in three regions: (I) southeast 
Asia and its geographic continuation - the 
Sunda Islands, Papua New Guinea, Oceania; (2)
Africa - Madagascar; (3) Tropical America. 
A few species were domesticated in southern 
China and Japan. The three regions were active 
centres of domestication of animals as well. 
Agricultural systems were developed independ
ently but they have many common features 
because of similar environments. 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 Oceania. 



27 L9ON: ORIGIN, EVOLUTION, AND DISPERSAL 

Southeast Asia 

The Indo-Malayan region, the land between 
the Deccan peninsula and the South China Sea, 
could be considered as a primary agricultural
hearth becajse 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 Indian 
Desert). The rest of the region is surrounded 
by water. The larger Sunda Islands and Papua
New Guinea could be considered as a natural 
continuation of the region. The Indian section 
comprises mainly the coastal areas of the 
Deccan peninsula. In Indochina, the relief is 
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. Its 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 Chcnchu 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 before agriculture, 
Even today, small 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 
areas for many centuries, 

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

Mongoloid, came 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. Burkill (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 
agricultural system based on the production of 
tuber crops. The region is extremely rich in 
other foods, especially fruits - mangoes,
durian, rambutan and others - which grow
wild in the forests. Fish and wild animals sup
plied the necessary protein. 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 New 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. Prc
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, New Zealand). There are no written 
records before 1500, and linguistic and archeo
logical evidence is not strong enough to sup
port the view that in Oceania there was a pre
and post-Polynesian stage in agriclilture. 

Towards the west, the expansion of crops 
was prevented by the dry and desert areas in 
northeast India. Only one species (Colocasia 
escrdenta) may have followed a land route,
either through Syria or by the Sabean Lane to 
Egypt. 

To the northeast, taro and some 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
Southeast Asia and Malaysia, thus creating a 
large agricultural 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 oldest arche-
ological date for rice in India is 4300 BC. By
that time other cereals such as wheat and 
sorghum had been introduced and were al-
ready in cultivation (Rao 1974). 

Arolds 

Alocasia macrorrhiza(A. indica). This is a 
very primitive crop, possibly domesticated in 
India (Assam, Bengal), or in Indochina; 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 some cultivars are used only for their 
leaves. Alocasia spread only to the east to-
wards Melanesia and Polynesia. It is of some 
importance in Tonga and Samoa and to all of 
Micronesia, especially the Marshall Islands,
and was introduced into Brazil in the last 
century as cattle feed. 

Anorphophallus campanulatus. This plant
is found from India to Polynesia but with no 
clues as to the area of domestication. It is an 
ancient plant, low-yielding, and difficult to 
prepare for eating, with the result that it is 
being grown less and less. It is cultivated 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 cast, the plant was spread by
the Malayans and Polynesians to all the islands 
of Oceania, including Hawaii, Easter Island,
and New Zealand. In this vast area, some 
hundreds of clones are known, but there is no 
complete survey of its diversity. From chromo-
some counts, it has been established that there 
arc two types, 2n = 28 and 2n = 42, with the 
former the predominant type from India to 
Japan and Polynesia. Type 2n = 42 occurs in 
India, New Zealand, and the Philippines and 

seems to have originated in India. It has spread
eastward in rece .,.times, but is not found in 
Polynesia (Yen and Wheeler 1968).

It reached China and the Lower Yangtze
valley and is mentioned in literature towards 
100 BC. From China it moved into Japan. The 
introduction into the Philippines came possibly
through the Sunda Islands. 

The spread of C. escidenta to the west is 
poorly documented. It reached Egypt around 
100 AD, either through Syria (and there is 
some linguistic support for this, Tackholm and 
Dar 1950), or through the Sabean Lane, since 
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. It spread also from Egypt to Italy
and to Cyprus, where it is an old and im
portant crop.

When, where and by whom Southeast Asian 
crops were transported to Africa is still open 
to question. Indians or Indonesians settled
south of Ethiopia around 500 AD, leaving in
struments and practices, like certain types of 
boats along the coast of Zanj and the lakes,
and they brought in their crop plants from 
Malaysia. Madagascar is culturally linked with 
Indonesia, and many of the words for crops
like Tacca, coconut, taro, are the same in the 
two areas. The Malay sailors may have reached 
the coast of Africa with the favourable winds 
during the monsoon season. Propagation
material of roots and tuber crops, brought in 
these trips, may have remained viable for 
weeks and very likely were established in 
Africa after many failures. Taro, bananas,
greater and lesser yams, and sugar cane were 
adopted by the 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 Africa and later on west Africa. 
Taro was already in cultivation in Gambia and 
San Thom6 around 1500 (Mauny 1953). 

Taro was taken from west Africa to tropical
America, probably in the early 1500s. How
ever, it is difficult to establish its arrival because 
early descriptions confuse it with Xanthosoma. 
By the end of the 18th century it had spread
from the Caribbean to Brazil, and early in this 
century to the southern coast of the United 
States. Again, very little is known of its diver
sity in this area. Superior clones, called 
"dasheen," are recent introductions but the 
native Xanthosoma, being more productive 
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and resistant, has prevented the expansion of 
Colocasia esculenta in the American tropics. 

Cyrtosperina chapnissonis. This aroid was 
not domesticated on the continent since it is not 
cultivated in India and Malaysia. Its range ex-
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 low atolls 
(Barrau 1962). 

Yams (Dioscorea) 


Six species of Dioscorea were domesticated 
in this region: D. alata, the "greater yam," 
originated in the area occupied by Burma and 
China where the rivers Irrawaddy, Salween, 
and Mekong ran closely and parallel to each 
other (Burkill 1951). This is a mountainous 
area with alternate seasons. Two wild species, 
closely allied to D. alata, and many primitive 
cultivars are found here. These yams grow 
large rhizomes 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 cast, 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 area has 
the highest diversity of the species. It spread 
also to the Philippines and to all parts of 
Oceania, including New Zealand. Toward the 
west, it extended to west India, stopped by the 
Great Indian 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 latter 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 became the main food 
in the slave ships and was marketed widely as 
"Lisbon yams," especially from San Thom6. 
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 csculenta, 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 Oceania 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. alata, 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 Oceania. Recent 
collections suggest that this species has a 
greater potential than previously realized 
(Martin 1974b).

Dioscorea bulbijera 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 (only wild types 
on this continent) and all over Oceania. Asiatic 
clones have recently been introduced to tropi
cal America (Martin 1974a). 

Dioscora hispida extends from west India, 
where it is sporadically 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, Celebes 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 all over Oceania; cultivated types 
have been selected in separate localities in 
Malaysia and Oceania. 

Other minor root and tuber crops 
originating in this region 

Cordyline terminalis is found wild in South
east Asia, Australia, and most of Oceania; a 
clone with green foliage extensively planted 
for the fleshy roots that contain levulose 
(Ezumah 1970). Curcuma augustilolia is 
planted in south India as a source of starch, 
"East Indian arrowroot," and C. zeodaria, used 
for the same purpose, is cultivated mainly in 
north India and Sri Lanka (Kundu 1967). 
Tacca leontopetalcides is planted sporadically 
from Southeast Asia, Philippines to eastern 
Polynesia as a source of starch, the "Tahiti 
arrowroot." It was possibly domesticated by 
Polynesians, who developed several ways of 
preparing it for food or starch, but it is now 
losing importance. It 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 independent domestication. It has 
not improved as has the Malaysian crop. 
Piuerariathunbergiana(P. lobata) is cultivated 
in the highlands of Papua New Guinea for its 
fleshy roots. Psophocarpus tetragonalobus is 
cultivated from India to Polynesia, especially 
in Burma, for the fleshy, sweetish roots. Its 
origin is unknown, though it could be traced to 
Africa. The recent interest in this crop is due to 
the protein value of the seeds. It is widely 
planted as a vegetable for its green pods. 

Root and tuber crops in the Far East 

Several species have been domesticated in 
China or Japan but they have not spread much 
outside this region. In the last decades in 
China, both native and introduced root and 
tuber crops have had a large expansion in area 
and production. These far eastern species in-
elude: Dioscorea opposita, the "China yam,"
is possibly derived from D. japonica; Amor-
phophallus rivieri, or "bonjac," is found in 
Japan, China, and possibly Vietnam. Its origin
is possibly south China, with quite a complex 
utilization in Japan; Elocharis dulcis, the 
"water chestnut," is assumed to be the culti-
vated form of E. tuberosa, a wild species widely 
distributed in the Asiatic tropics; Sagittaria 
sagiitifoliais cultivated mainly in China for its 
tubers, and was introduced by the Chinese to 
Polynesia and Stachys sieholii, which is re-
ferred to in the Chinese literature of the four-
teenlh century, is also grown in Japan. It was 
introduced into Europe at the end of the nine-
teenth century and became quite popular in 
France. 

Africa 

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-established 
cropping systems. The African root and tuber 
crops were domesticated south of the Sahara, 
sonic in the savanna region, others in the 
Guinean forest. Africa is also the meeting point 
for Asian and American roots and tubers, and 
nowhere else has there been such drastic re-
placements in these crops. Among the Asian 
roots and tubers, taro (Colocasia esculenta) 
was the first. 

Several African crops were taken to Asia by 

the Malays or Indians. Among the root and 
tubers, Plectranthuis tuberosus was introduced 
to India and Indonesia. Perhaps the two cul
tivated species of Psophocarpus, if they are 
African, followed the same route. 

From tropical America the introductions are 
more recent and important: cassava, sweet 
potato Xanthosona, and potatoes have dras
tically changed the agricultural systems and 
food habits in west and east Africa. The 
Guinean yams were taken very early to the 
Antilles and the coast of Brazil, during the 
slave trade, and are now the most important 
yams in the 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. rottailata as a subspecies of D. cayenensis, 
but the recent trend is to keep them apart,
partially based on anatomical characters 
(Coursey 1967). The Guinean yams are 
especially important in West Africa, and were 
probably domesticated in this area 5000 BP. 
(Coursey 1976; Ayensu and Coursey 1972).

Dioscorea cayenensis, the "yellow yam,"
which is less important than the white yam, is a 
polyploid of unknown origin, although it may 
derive from D. ininutifloraor other closely re
lated species. It grows wild throughout West 
Africa, and was probably domesticated in the 
Guinea coastal area, spreading through the 
Guinean region in areas 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. praeliensilis (Ayensu and Coursey
1972). It is more widely adapted to moisture 
conditions, and its cultivation is most intense 
in Nigeria. It has spread from Senegal to south 
Ethiopia, including parts of the savanna area, 
and to Uganda, Angola, and Northern Rho
des'a. It is also cultivated in the Comores and 
Madagascar. The primitive types have thorny 
roots which provide good protection, but 
through selection of mutants, thornless clones 
have been established and were taken to tropi
cal America during the slave trade where it 
has become the most important yam. 

The following yams are or lesser importance.
Dioscorca bulbijera, which was mentioned be
fore, is found in Southeast Asia and Polynesia. 
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There are differences between the Asian aid 
the African clones, the latter being less ad-
vanced in their domestication. Some clones do 
not produce underground tubers. It grows 
roughly between 10N and to 10S 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 dunetorun is 
cultivated particularly in the border of the yel-
low yam plots, and is found wild through 
Africa from 15°N to 150S (Ayensu and Cour-
sey 1972). Other species cultivated are D. 
abyssinica, D. colocasii/olia, D. hirtiflora, D. 
prachensilis, D. quartininiana, and D. san-
sibarensis. In Madagascar a number of local 
species (D. antaly, D. ovinala, D. soso, the latter 
with very sweet tubers) have 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 some 
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. floribundus), 
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 rotundifolius (Coleus dysin-
tericus, C.roundiotius,C.coppini, Plectran-
thus tuberosus, P.ternatus), the "Hausa po-tato" is cultivated in west and central Africa tosoTanscva teadindagscr Ttuber 

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 
Oceania. In Africa it is seldom cultivated. The 
tubers require careful preparation to remove 
the toxic principles; in some places they are 
used as a sorce of starch.
 

Tropical America
 

The three most important root and tuber 
crops - potatoes, cassava, sweet potato 
come from Tropical America. Other crops, like 
Xanthosoina, are of high potential valuc and 
several minor crops offer limited possibilities 
due to their physiological requirements. 
The American root and tuber crops have
 

two main areas of domestication - the high 
Andes and the lowlands in northern South 
America, and a secondary area, Middle Amer
ica. The Andean crops include potatoes, oca 
(Oxalis tuberosa), mashua (Tropaeolun tu
berosum), ulluco (Ullucus tuberosuin), and 
maca (Lepidium ineyeni) 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
sonchijolia). In the Andes, other root and crops were early introduced from lowerTransvaal and Madagascar. The plant pro-arsanbeaenimottprtfth 

duces spheric to ovoid tubers, dark red and 
white. It is an old introduction to India 
("koorkan"), Malaysia, Indonesia, and recently 
to the Philippines. 

Tuberous Leguminosae 
Two species of possible African origin, 

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 important, is intensively cultivated in 
Burma for its tuberous roots. The origin of 
these species is unknown. Psophocarpus is 

agricultural 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 area of very imprecise
limits, in which Xanthosomia spp., arrowroot 
(Maranta arundinacea), lairen (Calathea at
boia), 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 
Oceania. In pre-Colombian times and even to
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day in remote localities, some plants are 
gathered for their tubers or corms: Bomarea 
edulis, Dalechampia spp., some beans (Phase. 
olus), Tigridia pavonia, and Dahlia spp. The 
last two species are now grown as ornamentals 
but were once used for their corms and fleshy 
roots respectively. Sechium eduile 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. Clusters of 
closely-related species to cassava are located in 
both North and South America (Rogers and 
Fleming 1973), but no wild species have 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. It 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 area, the 
artefacts for the preparation of flour were far 
more developed, and other uses, such as the 
utilization of leaves as vegetables or for the 
preparation of sauces, are typical of South 
America. Archeological information, such as 
representations in ceramics and c rly historical 
information, gives additional support to a more 
intensive use in South America. Its role in the 

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

Cassava was introduced early to Africa by 
the Portuguese. The first published report by
Barr6 and Thevet is dated 1558 (Mauny 1953). 
Further spread inside Africa was detcrmined 
by its adoption first as a vegetable and later as 
a flour source in the Kingdom of Congo, which 
was an advanced state that influenced the rest 
of tropical Africa. The spread 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 nineteenth century. 

Sweet potato 
Sweet potato (lpomoea batatas) was the 

only food crop common to Tropical America 
and Polynesia before 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 dispersal occurred (Yen 1974). The 
recent 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 agricultural development in 
Polynesia. However, it should be considered 
that, like all other plants cultivated in the 
coastal region of Peru, sweet potato was in
troduced from elsewhere, possibly from the 
north, the coastal area of Ecuador and Colom
bia, where close wild types have been found 
(Martin 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 all Tropical America, 
with an important area of diversity around the 
Caribbean. Oviedo, writing in 1530, reports 
that several 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 several failures, 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 Thom6 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 have 
been taken to Polynesia by one of the Spanish
expeditions that visited the area 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 southern 
region up to 350N. 

Xanthosoma 
The identification of the species of Xantho-

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. Xanthosoina 
was introduced to Africa by the middle of the 
last century, where the replacement is most 
active, 

A group of tuber crops was domesticated 
in the high Andes, above 3000 m, where they 
are now intensely cultivated (L6on 1964). The 
most important are the potatoes, which at pres-
ent are considered as one species, Solanum 
tuberosuin, including: (i) two tetraploid groups, 
Tuberosumn and Andigena; (i) a triploid, 
Chaucha; (iii) two diploids, Phureja and 
Stenotomunm; (iv) two intersperific hybrids, X 
iuzepozukii, triploid, a cross between S. tuber-
osum X S.acaule, and X curtilobum, resulting 
from S. tuberosumn 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 corn
plexity 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 differing in size, colour, and shape 
of the tuber, plant size, foliage colour, and 
heterostyly. Clones with bitter tubers are used 
to prepare "chuflo." 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. Tropaeolumnuberosumn 
grows in the same area as oca. No wild rela
tives are known, although some 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 lines or fine points. The mashua 
grows often at altitudes where only bitter 
potatoes are produced. Lepidium 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 

0 and 3000 m, several root and tuber crops 
are grown: Arracaeia xanthorrhiza. "Arra
cacha" is especially important in Venezuela and 
Colombia; no wild types are known and it 
seems to be of ancient cultivation. Several 
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 ); cultivatcd 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 used in colonial times on long sea trips; 
introduced to southern Europe as a forage 
crop; Pacehyrrizits 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 (Dioscorca trifida) is 
the only species of the genus domesticated in 
the Americas tropics, although other species 
are gathered, particularly in Brazil. The species 
has the highest diversity in the area between the 
Guianas and Brazil and selected types are 
planted in the Antilles. Its domestication was, 
of course, independent of the Asiatic and 
African yams (Alexander and Coursey 1969). 

Arrowroot (Moaran a arundlinacea) 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 source of starch (the "St. Vincent 
arrowroot" - Stutervant 1969). 

Lairen (Calathca 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. 

Several species of jicamas(Pachyrrhiizusspp.) 
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 Oceania. 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. 

Conclusionl 
In considering the evolution of root and 

tuber crops, the roles of polyploidy, mutation, 
and vegetative propagation give some clues to 
the general process. Some outstanding research 
in sweet potatoes has established the possible 
transition stage of the wild diploids to a corn
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 ignorance as to how domestication traits 
occurred. Today there are increasing doubts 
among anthropologists and botanists about the 
capacity of primitive man to have carried out 
crop selection. Primitive farmers profited from 
the presence of edible organs in certain species. 
However, 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 
vegetative crops he introduced superior clones 
and thus eventually contributed to their hybrid
ization. At the same time, by moving crops to 
new areas, 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, duc to physiological constraints or 
lack of acceptability, have not spread farther 
than their native habitat, and in fact many 
are now becoming relicts in old agricultural 
systems. Their spread, particularly after the 
Discovery, has led to competition among them
selves and to the eventual replacement of some 
species, a process that continues today. 

Root and tuber crops are associated with 
primitive systems of agriculture. A duality has 
been established between seed agriculture, 
which is supposed 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 agricultural systems in 
which they have different not antagonistic 
roles. Perhaps the best answer to the academic 
problem of seed versus vegetative culture lies 
in the ceramics of the Trujillo valley in North-
ern Peru. On one of these ceramics dating from 
around 1500 BP an Indian farmer is shown 
holding, at the same level, 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. Plucknett' 

Cyrtospertna chamnissonis (Schott) Merr., a member of the Araceae and probably
native to Indonesia, has now spread eastward to become a minor crop in the Philippines, 
Papua New Guinea, and some Pacific Islands. but a major crop on coral atolls and low 
islands of the Pacific. A hydrophyte, and extremely hardy perennial, it grows in coastal 
marshes, natural swamps, and man-made swamp pits in conditions unsuitable for other 
staple crops. Yields vary. but 10-15 metric tons of the large edible corms per hec.:re 
per year have been produced. There is a great need to collect and evaluate cultivars now 
in use for salinity and flooding limits, short crop duration, superior food value and 
acceptance, and other factors, before they are lost through neglect. 

Recently, interest in subsistence tropical benefited from this new emphasis on in
food crops has increased. Root crops have digenous staple foods. 

Some roots crops, however, are so poorly 
known or understood that they continue to betSoil and Water Management Division. Office neglected. Cyrtospermna chamnissotzis (Schott) 

Agency for International Development, Washing- nert coo nl c 
College of Tropical Agriculture. University of Merr., commonly called giant swamp taro, is 
of Agriculture. Technical Assistance Bureau, such a crop. The only cultivated member (if 
ton, D.C., USA 20523. (Permanent address: C. merkusii is a separate species, then there are 
Hawaii, Honolulu, Hawaii, USA 96822). two cultivated species) of a pantropic genus of 
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Araceae found in Africa, Asia, and America,
Cyrtosperinais grown mostly in the Pacific Is-
lands and in some parts of Indonesia, the Phil-
ippines, and Papua New Guinea. It is most im-
portant 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; Barrau 1961; Kay 1973). Because 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 (Plucknett 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 will summarize the state of knowledge
about the crop as well as to suggest some re-
search needs, 

Early History 
Cyrtosperma chamissonis probably origi-

nated in Indonesia, from where it spread east-
ward in prehistoric times to the Philippines,
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 (Plucknett 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 Islands, Samoa, Palau Islands, Yap, Truk,
Ponape, Marshall Islands, Caroline Islands, 
Gilbert Islands, and the Marquesas Islands 
(Brown 1931; Parham 1942; Massal and Barrau 
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-
rect 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 chainissonis Schott, and 
Lasia mnerkusil Hassk. (Barrau, 1957, 1959).
It is often confused with Alocasia, and has 
sometimes even been confused with Xanltho
somna. 

Cyrtospernia chainissonis is a giant peren
nial herb (Fig. 1), ranging from I to 6 m 
(mostly 2 to 3 m) in height; the erect leaves,
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,
attached at the base in a spiral arrangement to 
the large corms; the spadix is purplish, tubular,
covered 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. 

Cyrtosperina is primarily a tropical plant, its 
limits as a crop being about 18°N (Mariana
Islands) to 200S (Cook Islands). Probably 
originally a plant of coastal swamps or lower 
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 indeep swamps with partial shade (Sproat 1968). 
Under year-round high rainfall it may be 
grown as a rainfed crop to elevations of 150 m 
or so; however, it is in the low swamps that the 
crop is most important, for its relatives -
Colocasia, Xanthosoina, and Alocasia - are 
more successful as rainfed upland crops.

Cyrtospermna can withstand flooded condi
tions unsuitable for other food crops and grows
better tinder continuous flooding than most 
varieties of Colocasla or rice. Additionally, it 
tolerates brackish water, although it is not 
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Fig. I. Farmers nd a Cvrtosperina ai 
plant on Yap Island in the Pacific; inthe centre of 
the picture are setts or cuttings of Cyrtospernia
(right) and Colocasia (left) which have been pre-
pared for planting. The cylindrical corin, large
petioles, and characteristic hastate-sagittate leaves 
of Cyrtosperniaare clearly illuitrated (Photograph 
courtesy of EdiardDe /i Cruz). 

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

On Malaita in the Solomon Islands Cyrto-
spernia is grown in coastal swamps just be-
hind the fringing mangrove swamps (Barrau 
1958). It is grown on some 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 
diflicult 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 leaves, refuse, green 
manures, animal manure, and other vegetative 
matter -to create 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 Marshall Islands (Sproat 1968).

Sproat (1968) states: "Ideal growing con
ditions would be natural swampland rich in 

about two to four feet in depth with 
slow running irrigation water." 

Planting 
Cyrtosperina is propagated vegetatively, 

using setts (cuttings) and young cormel 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.yrosperma can bc planted year-round, 
proeta ctr groing cond 
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 varies, but 10-15 cm is 
probably fairly standard. 

For nonpuddled or firmer soils, planting 
holes or furrows may be prepared using a 
digging stick to prepare individual holes, or 
shovels or similar tools to prepare furrows. 
Furrows may be 15-25 cm to as much as I 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. Cyrtosperna is a large 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 Cyrtosperna 
while the latter crop is growing. 

Spacings vary; from 1.2 X 1.2 m (Palau);
0.4-0.6 X 1-1.3 in (Ponape district atolls); 
1 x 1-1.1 m (Truk);0.6 x I m (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 nutritional value, per 100 grams of edible portion
of corms, of Colocasia e'sculeta and Cynosperia chanissois 

(Murai et al. 1958). 

Nutritional factor 

Calories 
Protein (g) 
Carbohydrate (g)
Calcium (mg)
Phosphorus (mg)
Iron (mg)
Thiamine (mg) 
Riboflavin (rag) 
Niacin (mg) 

Cyrtosperina, but it is known that the plant
responds readily to composts and organic
mulches. It is a large plant with a long crop
duration, and its nutritional requirements may 
be high. This needs study. 

Crop Duration 
Long crop duration is one of the major

limitations of the crop, which varies from I 
to 6 years or more in length, with 2 years being
about the average harvest date for most South 
Pacific cultivars. However, 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 harvesting 
may begin as early as 6 to 12 months after 
planting. 

Harvesting 

Cyrtosperinais 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 lift the whole plant from a 
swamp (Ponape Agriculture Demonstration 
Station 1950). 

Recorded yields in various areas are as fol-
lows: general, 10 metric tons/ha/year (Kay
1973); Truk, 15.9 metric tons/ha/crop (un
specified crop period); Yap, 120 metric tons/
ha (four year average crop duration, close 
spacing). This equals 30 metric tons/ha/year; 
Palau, 42.5 metric tons/ha/crop (unspecifiedcrop periods); and Micronesia, 13.4-16.8metric tons/ha/year (Sproat 1968). 

Pests and Diseases 
Cyrtosperma is reputed to be practically free 

Colocasla Cyrosperma 

153 131
 
I 0.9
 

37 31 
26 334 
51 56 

1.0 1.2 
0.092 0.045 
0.030 0.074 
0.85 0.88 

of insect and disease attack (Sproat 1968). It
is certainly 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 prerared much like Colo
casia. Corms can be peeled and boiled in water, 
or peeled, chopped, and cooked with coconut 
milk. They also may be roasted or steamed. 
Sometimes 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 are given in Owen (1973),
Sproat (1968), De laCruz (1973), Murai et al. 
(1958), and Gesmundo (1932),

Leaves and young inflorescences are used as 
vegetables (Kay 1973). The petioles yield a 
fibre that can be used in weaving. 

Food Quality 
Colocasia andi Cyrtosperma are about equal

in carbohydrates and calories, although Cyrto. 
sperma has about twice as much fiber as Colo
casia (Murai et al. 1958). Table I contrasts the 
relative nutritional value of Colocasla and 
Cyrtosperina. 

Special thanks are extended to Professor Juan 
V. Pancho of the University of the Philippines
at l.os Ilafios for providing valuable assistance andsupport for field work in the Philippines and toDr. Dan Nicolson of the Smithsonian Institution,Washington, D.C., USA for taxononic helpC. chandisonisand C.merkusil. on 

This paper is published with the approval of
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A Review of Sexual Propagation for Yam Improvement
 
Sidki Sadik'
 

The development of methods to germinate seeds now make it possible to improvewhite yam (Dio.corea rotundata) t'urough sexual propagation. Previous difficulties inseed 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 ofdormancy, seeds germinate in 3 weeks. Since 1973, about 40 000 genotypes have been
produced through semual 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 ie-
suited primarily from lack of hybridization, 

'Inlernational Institute of Tropical Agriculture,
P.M.B. 5320. lbadan, Nigeria. 

and continuous 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 
recent years. 

Lack of hybridization and its adverse con-
sequences were recognized as the most im-
portant limiting factor for yam improvement 
through breeding at the International Institute 
of Tropical Agriculture (IITA), when the 
Root and Tuber Improvement Program was 
initiated 6 years ago. It 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 IITA 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-
portant: 

Flowering - Many of the important yam 
species cultivated for their edible tubers do 
not flower, and among plants that flower, there 
is a high male-to-female ratio. In West Africa, 
only a small number of D. rotundata plants 
established through vegetative propagation
flower. In other regions, such as the Carib-
bean, flowering has not been reported although 
it may exist. Some D. alata cultivars flower 
abundantly and produce both male and female 
plants, but fruit production according to 
Martin (personal communication, 1975) is ex-
tremely rare and none of the fruits contain 
seed. Work by Rao et al. (1973) suggests that 
although D. alata 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-
ant yam in West Africa, flowers occasionally, 
but produces only male flowers. D. dumetorun 
produces both male and female plants and 
abundant fruiting, however seed germination is 
yet unknown and requires investigation. D. 
bulbi/era and D. trifida flower profusely and 
produce viable seed (Hehry 1967). 

Pollination, lertilization, and incompatibility 
- Because of the dioecious nature of yam and
the smallness of flowers, pollen transfer from 
male to female plants can be a problem. Hand 
pollination is possible, but not practical. Due 
to the sticky nature of pollen grains and their 
strong adherence to anthers, wind pollination 

is not possible, and therefore it is believed that 
pollen 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 
male to female plants, the viability of pollen
grains is poor and certain inter- and intra
specific barriers may exist that result in pre- or 
post-ovular breakdown and embryo abortion 
(Rao et al. 1973).

Seed germination - Despite flowering scar
city and difficulties encountered during polli
nation, fertilization, and seed development, a 
small number of fruits with fertile seeds can be 
found occasionally 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 andwere abandoned because of the common be
lief that the seeds were not viable. Such belief 
almost 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 
(1975) have 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 factors 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 fol
lowing 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 I. Fruit and seed production of D. rotundara plants. 

Estimated
Number of Fruit per number ofFamily plants plant seedsa 

1974 Harcest 
Ihobia 13 40 2068
Boki 140 180 100632 
Mixed 66 127 33636
Total 219 156 136336 

1975 Harcest 
Umidike 143 368 210664
Boki 71 207 58900
Iwo 147 167 97908
Mixed 45 140 25148lhobia 7 81 2264
Ihobia (Veg.) 93 44 16324
Total 506 203 411208 

abased on 4seeds per fruit.
 
release seeds. Seeds are 
 dewinged and stored It is important to treat seeds with a suitableat room temperature until the end of dor- fungicide before planting. Six disinfectantsmancy. Seeds are then lightly and uniformly (Demosan, Demosan T, Vitavax, Argosan,coated with a suitable fungicide and germi- Arasan, and calcium hypochlorite)
nated on water-soaked filter 

were 
paper in Petri evaluated by Sadik (1975) to find a suitabledishes. Seed dewinging is not necessary, but re- chemical for treating seeds before planting. Allduces the amount of planting space needed in chemicals other than calcium hypochlorite in-Petri dishes anti prevents browning of filter hibited seed germination. A 10% w/v calcium paper during germination. Germination usu- hypochlorite solution produced 85% germinaally starts after 3 weeks and continues for tion with only 5% rot (root and shoot develop5 weeks. Germinated seeds are transplanted to ment in the seedlings was good). Agrosan, apeat pots following the appearance of the first systemic fungicide prevented seed rotting andleaf and grown until 2-3 leaves develop before germination as well. The most effectivethey are transplanted in the field, method is to soak seeds for 20 minutes in cal-This method can be simplified by sowing cium hypochlorite solution. However, becauseseeds directly in peat pots or iin germination wet seeds are difficult to work with, fungicidesboxes filled with soil-mix rich in organic matter, that can be applied in powder form are pref-Seedlings established in this way can be trans- erable and require further investigations.

planted later in the field. 
Where laboratory and greenhouse facilities Flowering

are not available, seeds can be planted directly
in elevated seed beds. The seed bed should be 
 A low degree of flowering (47%) and ahighprotected from heavy rains by a I m high male-to-female ratio (32/15) characterizebamboo canopy covered with palm leaves, plants produced through continuous vegetativeSeeds are planted densely in rows 10 cm apart propagation. In contrast, second-generationand lightly mulched to avoid soil crusting. plants produced from seed are characterizedSeedlings are later thinned to 5 cm spacing be- by a higher degree of flowering (80%) and atween plants. Sufficient planting material for lower male-to-female ratio (41/35). Whereasone hectare of land can be produced from a plants produced through continuous vegetative100 mi-' area. propagation are normally dioccious, lines
Seeds can also be planted directly in the originating from seed produce a large numfield, eliminating the need for transplanting. ber of monoecious plants (4%), which are aHowever, special care must be taken to mulch useful addition to any yam breeding program.and protect seeds and young seedlings from There is also an increase in the number ofheavy rains and soil crusting. flowers produced by sexually propagated, 
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second generation plants. Sexually propagated
plants usually produce 500-90 000 flowers per 
male and 500-11 000 flowers per female plant,
whereas 185 female flowers 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-
tained on sexually propagated plants, studied 
during 1974 and 1975, was greater, and ex-
ceeded 2000 fruits on some plants (Table I). 

Tuber Yield 
Because of seed dormancy it 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 field between June 15 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-
tial 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 some plants yielded up to 
25 kg/plant during 1975. During both years, 
flowering plants outyielded nonflowering 
plants, and female plants outyielded male 
plants. 

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. Some of the most important 
genetic variabilities observed are as follows: 

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

Table 2. Vigour and canopy structure among plants
of D. rotundata derived from seed. 

Number of 
Canopy plants Percentage 

High vigour
Medium vigour 
Low vigour
Dwarf 

4685 
2909 
6235 

586 

32.5 
20.1 
43.2 
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 
exhibit 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 flesh colour was also observed. It 
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 flowering, sex 
expression, inflorescence shape and length, 
fruit size, shape, and colour, and seed size, 
colour, and dormancy. 

Disease resistance - Sexually propagated 
plants manifested marked variability in resist
ance to major diseases present at IITA. 

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 
combined with desiccation, reduced the per-
centage of germination and increased the 
number of days to the onset and to 50% 
germination. Storage at 25 °C without silica 
gel resulted in the highest germination rate and 
the least number of days to the onset and to 
50% germination, whereas storage at 25 °C 
over silica gel resulted in opposite results. Al-
though germination of seed stored at 25 *C for 

8 months is superior to that at cold storage, 
the long-term effect of cold storage is not yet 
known. 

Research 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-
tativcly and qualitatively, methods for inducing 
flowering in nonflowering plants and species 
must be found before the genetic resources of 
such plants can be utilized. Studies of the bar-
riers that prevent inter- and intra-specific 

hybridization are also urgently needed. 
Conserving 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
ducted to find suitable conditions for storing 
seed, to develop methods to break seed dor
mancy, and to present strong evidence that 
disease and pests are not seed-borne. 

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

Franklin W. Martin'
 
This 8-year program for selecting better yam (Dioscorea) varieties for the tropics 

includes: a worldwide collection of varieties of the principal species; the development of 
techniques to evaluate varieties agronomically. and for culinary and processing char
acteristics; the selection and testing of varieties; and the distribution of selected varieties 
throughout the tropics. In addition, composition with respect to proteins and starch was 

'Mayaguez Institute of Tropical Agriculture, Box 70, Mayaguez, Puerto Rico. 
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determined, and the nature of the yellow pigments and the bitter substances was elucidated.Taxonomic relations were clarified by numerical computerized techniques. Dioscoreaalata was judged the most flexible and useful species, andobtained. Dioscorea 17 selected varieties weresculenta was found to be much more variable than expected, and 8varieties were selected for their high potential. On the of!,'r hand, persistent problems withviruses prevented the distribution of Dioscorea rolundata-D. caynesis. In addition,this 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 homes to serve mankind. 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, theintroduction of better cultivars has been im-
peded by a lack of published information. The
result has been that yams are 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-lecting 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 several 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. I am indebted to many persons
throughout the tropics for help in obtaining 
new varieties. Without qualified professional
help in each location, 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. Preliminary 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 June 1977. 

D. lata 

Of the various species of Dioscorea col
lected, the greater yam (Dioscorea alata)
quickly became our favorite. Under the con
ditions where we have seen D. alata grown in 
Puerto Rico, it is the most dependable species,
although some of its varieties are unreliable 
due to their susceptibility to Colleotriciln,
Cercosporum, and other foliar diseases. D. 
alata 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. 

All varieties of the greater yam have certain
traits in common. Their growing season is 
long (8-10 months). All require support for
the vines. All 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 latest 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 some unexpected differences. Yellow
fleshed 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 almost free of
wings on stems and petioles, and in some 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 flowered, 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 areas. 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 
nummnularia resembles sonic of the D. alata 
cultivars found there. An unexpected finding 
was that the Caribbean and African varieties 
are somewhat related to each other, and that 
their affinities in Southeast Asia were not 
traceable with our materials, 

Tubers of D. alata were found especially use-
ful for processed products, including fries, 
chips, instant flakes, and flour. 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 some 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 resistant to leaf 
spot diseases and viruses, and 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 some 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, 

Some special characteristics related to cook-
ing aic desirable. The parenchyma storage flesh 
should be white or cream coloured, anti free of 
anthocyanin pigments. The "grain" of the tuber 
caused by starch accumulation around the 
vascular bundles should be fine, giving a com-
pact and uniform appearance. After being 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 flesh of the boiled tuber 
may be white, cream, or light yellow, appe
tizing in appearance, and free from gray 
colour. It should appear to be smooth, and that 
appearance should be verified when tasted. The 
cooked tuber should be moist in the mouth; 
not dry and difficult to swallow. The 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 pieces 
should germinate readily when planted. 

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. Ibelieve that some of these will 
replace traditional varieties wherever they are 
grown. These 17 were obtained from widely 
diverse 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. alata, the collection of 

cultivars of D. cayenensis and D. rotundata 
was the most difficult to manage. 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 beginning many plants showed strong virus
like symptoms. This condition was the same as 
that called the shoestring disease in West 
Africa. There was no doubt that introductions 
showing such symptoms had been collected in 
all 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 
spread of the disease, possibly because such 
tubers are found more frequently on diseased 
plants. Plantations grown under optimum con
ditions and rogued free of symptoms for 2 or 3 
years become almost symptom-free. Constant 
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 an effort to preserve the germ 
plasm, all introductions were multiplied for I 
or 2 years before rogueing was begun. Pro-
longed heat treatment of tubers, sometimes 
found useful in reducing symptoms in D. alata, 
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 resistant 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 resistant 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 culitivars using the 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 chiefly white ones. 
It is interesting to note that the two trunks 
anastamose with respect to two groups that 
show similarities even though they differ in 
tuber colour. The conclusion from our study 
is that the two names D. cayenensis and D. 
rotundatareflect artificial classification of what 
is an extremely variable complex. 

With respect to the work of the future with 
this species, we are convinced that, in the 
Caribbean, D. alata is better adapted and more 
reliable. But in West Africa even the best D. 
atiavarieties 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 seed 
production achieved at JITA by Sadik and 
others opens the door for a more extensive use 
of the African yams throughout the tropics. 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 terminates. 
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 
level and are easy to handle if replanted. Some 
varieties, if handled carefully, store well. 
Furthermore, D. escidenta is probably more 
resistant to viruses than even D. alata. The 
chief disadvantage with respect to D. esculenta 
is that the growing season is long, almost 12 
months. I believe that it might be possible to 
plant and harvest D. escudenta at any time of 
the year in some regions near the equator. 
Nevertheless, D. esculenta is fussy about 
season. Its period of dormancy is not very 
flexible, and indeed we have had problems in 
adjusting varieties from the southern hemi
sphere to I8°N in Puerto Rico. The wide varia
tion among Cultivars of D. e.scuen:ta has never 
been described, but has at least been hinted at, 
in the literature. Varieties from Papua New 
Guinea, the presumed centre of origin, have 
been carried to some islands of the Pacific but 
apparently in a random fashion. Although I 
was able to collect a wide variety of cultivars 
from the regions, I have no doubt that much 
remains to be done to entirely describe this 
species. 

The West African and Caribbean cultivars 
of D. esculenta bear about 20-50 relatively 
small tubers that range from mere swellings to 
about 400 g in size. Their flesh is white and 
their eating qualities are high. In contrast, 
some varieties of D. esculenta in Papua New 
Guinea bear 6 or 8 tubers up to 2 kg in weight. 
The largest tuber I have seen was the shape and 
size of a small watermelon, and weighed about 
5 kg. In general the flesh 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. Some 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 varieties, 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. alata 
and D. rotutidata. The amylose content of the 
starch is low, and the protein content of the 
tuber is extremely high in some cultivars. 

D. esculknta 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 opportunity to work with six other 
edible species. While finding some merit in all 
of them, and realizing that we have not seen 
all of the germ plasm available, we have re-
jected some of the species, as follows: Diosco-
rea bulbifera, about 100 collections. The tubers 
of this species are always bitter; Dioscorea 
hispida. about 15 collections. This species is 
poisonous and needs special treatment to 
render it harmless; Dioscorea duletorwn,about 12 collections. This is sometimes poison-ous, and the tuber is very irregular; Dioscorea 

i y 
nutnmularia and D. pentaphylla. Tubers are 
large, irregular, sometimes multiple, and cook-
ing characteristics are below par; and Diosco-
ra trifida, which is very susceptible to viruses. 
Yields decline rapidly when the virus appears. 

Literature Produced 
As part of the ret'arch 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 werestudied 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 substances. Certain physiological
characteristics were studied: the curing period,
.nd how it affects storage life; the extension of 
storage life with chemical treatment; and the 
stimulation of sprouting. To develop standards 
of selection, fried chips, instant flakes, and 
flours were developed and tested. Superior
selections were described. Plans call for a 
thorough review of written contributions and 
recommendations before terminating the pro
gram. 

Reprints and planting pieces are available 
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 screenedfor adaptation to high temperatures and humidity at a high jungle site. Of these, 34tetraploid clones were selected for further testing under three tropical environments inPeru. The sites represented a hot, irrigated location; a high, wet jungle; and a low, wet
jungle.

The performance of some of the clones, in particular hybrids of tuberosio, x neotuberosum and tuberosumn X phureia, was remarkable given the short growing season andthe stress imposed not only by the weather but also by weeds, insects, and diseases. Thegreater genetic diversity of the inter-group hybrids gave the genotypes a greater abilityto adapt to conditions of stress than the intra-group hybrids. The results indicate that thereis a genetic potential to adapt potatoes to high temperatures, and that for the first timeit 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 varies 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, some tubero-
sumn X anligenhmn hybrids, and to a lesser 
extent cultivars from other taxonomic groups. 

The response of these various germ plasmgroups 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 tinder 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 tuberostim. Since luberosu,, culti-
vars have been selected under higher temper-
atures than those prevalent at the centre of
origin of the potato, they would be expected 

'Breeding 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
emphasis during early stages of selection than 
certain agronomic characters. 

The International 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 

Three 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
jungle site in the Amazonian basin where the 
agriculture is a shifting system that uses cas
sava, rice, bananas, and tropical forages.

About 6000 clones from various diploid and 
tetraploid taxonomic groups as well as their in
tercrosses were evaluated at the San Ramon
location during the period June-October 1974. 
From these, 34 tetraploid clones were chosen 
for their earliness and yield potential and 
were grown in replicated trials during Decem
ber to February 1975 at San Ramon and La 
Molina. The same set of clones was grown laterat Yurimaguas. The taxonomic groups in the
pedigrees of the clones utilized in the experi. 



51 MENDOZA: POTATOES FOR LOWLAND TROPICS 

Table 1. Yields of representative clones. 

Taxonomic 
Clone group 

N565.1 (T X NT)
N574.1 (T X NT)
DTO-28 (T X P)
DTO-2 (T X P)
DTO-33 (T X P)
N570.5 (T X NT)
Urgenta (T x T)
N503.162 (NT X NT)
N513.3 (NT X NT)
N545.3 (NT X NT)
ONA (T X T)
Arran Pilot (T X T)
Mariva (T X A)
Revolucion (T X A)
Inti Sips (A X A) 
Mean. 
LSDO05  

Yield for 10 plants (kg)
 
San Ramon La Molina Yurimaguas
 

14.4 6.4 5.0 
14.1 9.0 2.1 
13.6 10.1 5.3 
11.8 10.7 2.9 
11.6 10.0 3.8 
11.3 4.4 1.4 
10.8 8.8 1.5 
10.7 8.5 1.2 
10.2 5.9 0.7 
9.1 3.8 1.1 
6.7 8.6 1.2
6.3 7.8 1.5 
4.6 2.5 0.1 
4.0 3.0 0.8 
3.6 2.5 0.02 
8.2 6.8 1.7 
2.0 2.3 0.8 

"A general mean per location for all 34 cultivars. LSD values have been calculatedfrom the analysis of variance over all the clones at ctch site. 

ments were: tuberosum X tuberosum, 4 clones;
tuberosumn X phureja, 16 clones; tuberosuin 
X neo-tuberosum (andigenwm), 5 clones; nee-
tuberosum X neo-tuberosupm, 6 clones; tubero-
sum X native andigenum, 2 clones; and native 
andigenum, I clone, 

The experimental design at each location 
was a completely randomized block with two
replications. Each plot had 10 plants. 

Results and Discussion 
There was a great deal of variability in yield 

among clones within each location as shown 
in Table 1. Each environment represented a 
different level of stress as measured by differ-
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 effects of them. 

Some of the main environmental compo-
nents and their effects on or their interac
tions with the genotypes will be discussed. 

Photoperlod 
The latitude of the testing sites (6, 1I, 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 differences of the 
photoperiod should either have been minimal 
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 mini
mum temperatures were lower, the yield of 
most individual clones as well as the overall 
mean was lower than at San Ramon. Since the 
crop at La Molina was under surface irrigation,
the moisture availability was not uniform and 
this appears to have had a stress effect on yield. 

Diseases and Insects 

At La Molina, the principal problem was the
attack by tuber moths, Scrohipalpula absoluta 
and Pthorimaea operculella, which caused con
siderablc damage in the foliage and later in 
the tubers. Spraying with insecticides every 7 
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days did not provide an adequate control. An 
attack of Rhizoctonia solani also affected about 
20% of the plants, 

At San Ramon, the two major problems 
were Rhizoctonia solani, which attacked about 
50% of the plants, and late blight, Phytoph-
thora infestans. The damage of late blight 
was relatively well controlled by fungicides. 

At Yurimaguas, a heavy attack of leaf 
hoppers (Em poasca spp.) was recorded and 
isolated plants were affected by Pseudomonas 
solanacearuni. The major disease problem 
was Botrytis sp. which affected the plants at an 
early stage of growth and killed many of them. 
Differences in susceptibility were noticeable, 
Foliage of the most severely affected indi-
viduals was practically covered by the mycelium 
of the fungus. It is interesting to note that no 
attack whatsoever of late blight was detected 
during the growirg period. The reason could 
be that the high temperature limits the survival 
of the fungus. Later experiments were also free 
from attack by P. inlestans. 

Genotypes 

A variety of germ plasm combinations was 
tried in these experiments to gain insight into 
their relative abilities to withstand environ-
ments. Simmonds (1971) indicated that some 
main crop or late maturing temperate potatoes 
can do remarkably well in the subtropics and 
tropics at nedium altitudes. The data in Table 
I 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 highland conditions 
(short-day and cool temperatures). On the 
other hand, tuberosuin cultivars normally short 
day types (Mendoza 1974) have a higher
critical daylength than Andean potatoes. Also, 
their adaptation to higher temperatures is a 
consequence of the conditions under which 
they were selected 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 he beyond the threshold of adapta-
tion for then, 

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 indicate that the 

selection work made by some northern hemi
sphere breeding programs for adaptation of 
andigenum to longer and warmer days has 
made measurable progress (Plaisted et al. 
1975). For further selection for adaptation to 
lowland tropics, the ,eo-tuberoswn material 
may be more responsive than tuberosumn be
cause it has a broader genetic base (Mendoza 
and Haynes 1974a). 

The performance of some of the "wider" 
hybrids, 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 
capitalized upon under a carefully designed 
breeding scheme. Some clones under the 
severe environmental conditions of Yurima
guas yielded about 0.5 kg/plant in 60 days. 
This yield is approximately equivalent to 15 
t/ha, which for a short growing period
constitutes a remarkable performance. Some of 
the same hybrid clones also performed very 
well, in relation to the rest of the materials 
tested, in the other two locations. 

The most promising materials for the low
land tropics, at least 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-stenotomnum hybrid that produces 2n 
gametes by first division restitution (Mok and 
Peloquin 1975) would be suitable as the other 
parent. To realize the maximum gain from 
each source of germ plasm, it would be neces
sary to perform some 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
level 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 the 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
lection. The earliness obtained by genetic 
means may be increased to some extent using 
sonic 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 bacterial 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 Miyazaki'
 

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 crossed with cultivated sweet potato include diploids, triploids, 
tetraploids, and hexaploids. All of them resemble the sweet potato in two respects: they 
have similar floral morphologies and incompatibility systems. These characters may be 
useful in future searches for wild plants. 

Our experience in the practical use of wild species in sweet potato breeding, a flower 
induction technique, self- and cross-compatibility test, and species hybridization with 
sweet potato suggests that useful genes can be expected from wild species. Some principles 
necessary for an effective gene introduction system have been identified. 

The improvement of yield and quality pro-
ceeds quite rapidly during the initial phase of 
plant breeding; however, additional genetic 
gains become increasingly difficult to attain. 
This is especially true if the gene pools arc 
limited and breeding procedures remain tin-
changed. Sweet potato breeding in Japan 
reached this stage. About 95% of the total 
area planted in sweet potato were local varic-
ties in 1940, but over 80% were replaced in 
the next 10 years by improved varieties bred 
through a systematic breeding program. This 
replacement of the local varieties with im-
proved varieties indicates that the breeding 
efficacy in the initial phase was considerably 
higher. The gene sources that were used were 
mainly popular local varieties. The second im-

'Kyushu National Agricultural Experiment 
Station, 1340, Jitcho, lbusuki, Kagoshima, 891-04, 
Japan. 

provement resulted from the development of 
"Koganescngan" in 1966, which included ex
otic breeding materials introduced from the 
USA after 1956. Introduced varieties had per
formed an important role in the genetic prog
ress that had been made prior to this, especially 
increasing the yield of tuberous roots and the 
starch content beyond the plateau achieved by 
domestic materials. Another plateau developed, 
however, and it seemed impossible to develop 
new varieties exceeding the yield level of 
"Koganesengan." A third increase in yield 
levels was marked by the development of 
"Minamiyutaka" in 1975. This variety, with 
one eighth of its germ plasm from the wild 
plant K123, topped the yield levels achieved 
by "Koganesengan" and other cultivars at sev
eral locations. 

In 1955. many wild plants related to sweet 
potato were collected by Nishiyama in Mexico 
and the United States (Nishiyama 1959). This 
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collection was used to study sweet potato phy-
logeny 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. (1975) reviewed phylo-
genetic studies, and Sakamoto (1970) sum-
marized studies using wild relatives before 
1970. These wild species appear to have much 
to offer sweet potato breeders, and the present 
paper is an attempt to demonstrate a practical 
method for using these relatives in breeding. 

Species Crossed with Cultivated 

Sweet Potatoes 


More than 200 accessions of Ipoinoea spe-
cies have been introduced from Mexico and 
other countries in Central America and the 
northern part of South America by several 
researchers since 1956. Our interest was di-
rected toward wild 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 Iponoea. that we did 
not know which species could be crossed with 
cultivated sweet potatoes. In addition. species 
identification was almost impossihle because 
species of the section Batatas had not been 
well delined taxonomically. (Hopefully. re-
classification of Ipomoea will be done soon.) 

After hundreds of crosses between wild rela- 
tives and sweet potatoes, we concluded that 
Ipomnoea species that can be hybridized with 
sweet potatoes have the following characters: 
(I) the flower 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 oif the corolla are prominent: 
and (2) the plants are self-incompatible, and 
there are ,everal incompatibility groups 
among them. We could find no common char-
acteristics other tharn these two. These charac-
ters may be useful when collectors search for 
wild plants for sweet potato improvement. 

Wild Iponioea that showed the above char-
acteristics and could be crossed with cultivated 
sweet potatoe, were as follows: 

K221 :Ten seeds of this plant were collected 
at Acapulco, Mexico by N. Kobayashi, Kago-
shima Agricultural Experiment Station. in 
1960. This diploid (2n - 30) plant was called 

I. leucantha Jacq. by Teramura (Teramura et 
al. 1967). For a long time, we believed that 
K221 would not hybridize with sweet potato 
without bridge plants, but in 1975 we obtained 
many seeds between K221 and sweet potato. 
It was also found that the autotetraploid of 
K221 induced by using colchicine crossed well 
with sweet potatoes. 

K222: This accession was collected together 
with K221 by M. Kobayashi. All eight plants 
of this accession were found to be triploid 
(2n = 3X = 45) by S. Shiotani, Mie Univer
sity (Teramura et al. 1967). Teramura's tenta
tive identification was ipomoea (trifida 3X). 

K233: The seeds of this accession were col
lected at Veracruz, Mexico, by M. Muramatsu, 
Okayama University, in 1962. This tetraploid 
(2n = 4X = 60) has been called 1. littoralis 
Blume by Teramura, but K233 is the same 
plant that Jones called I. gracilis R. Br. (Jones 
1970; Martin and Jones 1972). 

K300: The seeds of this accession were sup
plied in 1972 by F. W. Martin. 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 used as the male parent. 

K400: This collection was made in Mexico 
by S. Shiotani. Mie University. in 1973. The 
plants are self-incompatible and there are sev
eral 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 (2,t:-- 4X = 60). 

K123: This accession was collected in For
tin, Mexico by Nishiyama in 1955 and was 
designated 1. trifida (H.B.K.) G. Don. K123 
is hexaploid (21: 6X - 90) and has been 
considered as the direct progenitor of sweet 
potato by Nishiyania (Nishiyama 1961; Nishi
yania et al. 1975). 
ever. consider K123 
sweet potato rather 
(Jones 1967; Martin 
1973). 

Some researchers, how
to be a wild form of 

than a different species 
and Jones 1972; Yen 

Apart from the species nomencl.attre, K123 
has been recognized to be very important 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 some diseases and 
insects. Many strains with K123 germ plasm 
are being used in our breeding program. 
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Table I. Effect of grafting on flowering of wild plant, K300 (1974) 

Plant 

K300-1 
K300-2 
K300-3 
K300-4 
K300-5 
K300-6 
K300-7 

'Counting 

planted on 7July and grafted on 5 September. 

Natural condition 

Date 
first flowers Number of 

opened flowers& 

1Nov 215 
3 Dec 32 

15 Oct 53 
- 0 

10 Dec 13 
- 0 

8 Nov 47 

Grafted on morning glory 

Date 
first flowers Number of 

opened flowers' 

11 Oct 750 
11 Oct 432
 
20 Oct 312
 
26 Oct 303
 
20 Oct 565
 
13 Oct 331
 
I1 Oct 364
 

started when the first flowers opened and ended 31 Dec 1974, while the 
flowering continued. 

Flower Induction 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 flowering in
these materials would greatly facilitate the uti-
lization of the wild plants for sweet potato
breeding. An effective technique for inducing
flowering in these plants was found in our la-
boratory. During any season, plants treated 
with this technique begin to flower within one 
month, even under long day conditions. The 
flower induction procedure consists of the fol-
lowing steps: (I ) Treat seeds of the dwarf type
morning glory, I. nil (L.) Roth cv. Kidachi-
asagao, with sulfuric acid for I 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 I month: 
(3) When seedlings are about 40 cm high and 
have 8-10 leaves, 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 have cuts 5-8 cm long 
on both sides of the stem; (4) Hold the grafts
in place with grafting clips until the scion is 
established, and keep the grafted plants in a 
humid and sheltered place for about I week;
and (5) Transplant the grafted plants to 24-
cm pots and place under favourable growing
conditions. The effectiveness of this procedure
isindicated by Table 1. 

Self- and Cross-Incompatibility 
The wild lpomnoea that would hybridize with

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

Crosses were made tinder greenhouse con
ditions. Flowers pollinated before 10:00 with 
pollen from appropriate plants were collected 
3 or more hours after pollination. Stigmas,
with styles attached, were placed on glass slides 
ard stained with 0.5% cotton blue in lactol 
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 principles have been used, but we 
believe that this technique will be useful for 
research workers interested in the utilization of 
wild Ipomnoa for sweet potato improvement. 

Hybridization Results 

Pollen reaction on the stigma suggests
whether two plants will cross. In most cases 
involving the wild species and the sweet potato,
however, we did not obtain seeds even when the 
pollen germinated on the stigma. Therefore, it 
isnecessary to check whether seeds can be pro
duced by actual hybridization. For this pur



56 TROPICAL ROOT CROPS SYMPOSIUM 

Table 2. Pollen germinations on stigma in K300, indicating self-incompatibility 
and three incompatibility groups (1974). 

Pollen 
Stigma K300-6 K300-7 K300-1 K300-2 K300-5 K300-3 K300-4 

K300-6  - ++ +-+ + + 
K300-7 - - +++ + + ±+- +
K300-1 .... - +
K300-2 - -+++ + ++ 
K300-5 . . . . .
 
K300-3 +++ .-
 -.
 
K300-4 . . . . -
 -


OFive stigmas per one crossing were observed. Over 50 pollen grains were put on each stigma. Symbols in the 
table: + ++ more than 10 pollen grains germinated per stigma with four or live stigmas; ++ 6-9 pollen grains
germinated; + I-5 pollen grains; ± very rarely 1-3 pollen grains; - no pollen germinated. 

Table 3. Relationship of incompatibility groups of sweet pot ato and wild relatives (1958-1975).& 

Determined groups Undetermined groups 
Plants in sweet potatot , in sweet potato Number 

Accession tested A 13C I) E FG H I J K L M N 1 2 3 4 5 6 7 8 9 of groups 

Sweet 
potato >1000 O0000000000000 14


K123 20 OOOXOOOO 000 10
 
K233 7 XXOXXO 0 X 00 5
 
K300 7 X XX 00 X 2c

K222 8 X X O XX 
 00 3
K221 5 X X O X X X 00 3 

lIncompatibility was determined by pollen germination on stigma.
110 = incompatible to sweet potatoes in each group; X = compatible.
eThree incompatibility groups were classified in K300 (see Table 2), but two groups merged when tested with 

sweet potatoes. 

pose, we crossed at least 25 flowers for each were introduced into "Minamiyutaka." We
mating combination. Apomixis and seed abor- might also be able to use the characteristics 
tion are other problems. It is necessary to from wild relatives that enable them to tolerate 
measure F, plants morphologically to confirm physiological stress. The breeding of sweet po
hybrid identities. Maximum seed set percent- tatoes using wild relatives has begun, but we 
ages obtained between wild Ipomoea and sweet must now learn more about the genes or ge
potato are given in Fig. I. With the exception netie complexes of value for sweet potato im
of K 123, higher seed set (% ) was obtained provement. 
when the wild plants were used as male par
ents. Gene Introducing System 

Useful Genes in Wild Species The genetic resources of sweet potato in-
We do not know how many genetic factors cude all materials available through hybridiza

control yield in sweet potatoes, but the devel- tion, but we do not yet know the most effective 
opment of "Minamiyutaka" indicates that we way to obtain useful gene(s) from wild plants. 
can use genes from wild plants for yield ini- In any system, back crossing would be effective 
provenent. in the later part of the breeding program; the 

Wiltd plants can provide genetic resources recurrent parents in back crossing should be 
for disease resistance and insect tolerance. For diflerent varieties of sweet potatoes. From our 
instance, KI23 is resistant to the root lesion experience, the following methods are prac
nematode and the root knot nematode. which tical. 
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K221(2X) K222(3X) 

/
0.0Use 


7.0 3.5 

Sweet potato(6x) 

22.3 " 1hetcroploids
28.5 

2.0 61. 0.0 
61.' 

K233(4X)62.0 K300(4X) 

IK123(6X) 

Fig. 1. Maximum seed set (%), from figures
obtained between 1958 and 1975, in crossing of 
wild species and sweet potatoes. Arrows point
Irom male to female in crosses. Asterisk indicates 
that female was Kyushu 58, which includes one 
fourth germ plasm of K123. 

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

be used directly as a donor in crossing pro
cedures. F,'s must be back crossed to sweet 
potato cultivar(s) at least two times. "Mina-
miyutaka" was bred by this method. Some F's 
between K222 (2n -45) and sweet potato 
(2n - 90) were found to be hexaploids
(2n = 90). Thus, it ispossible to obtain F1 '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 some cases. 

Use of Synthesized Hexaploids 
Some theoretical ways of synthesizing hexa-

ploids (2n = 90), some of which we have 
actually used for sweet potato improvement, 
are: 

(1) Diploid -.Tetraploid, Tetraploid X Di-

ploid. -4Hexaploid(2- OctapHa x-loid 
(2) 	 Tetraploid .. Octaploid Tetraploid -

Hexaploid 
(3)Diploid x Tetraploid 4 Hexaploid 
(4) Triploid x Triploid -- Hexaploid (inthe 

case of outcrossing of K222) 
4 :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. 
of Heteroploidy

Because the sweet potato or hybrids with it 

can be propagated vegetatively, it is practical 
to use heteroploids with desirable agronomic 
characteristics. It is also possible to back cross

with the sweet potatoes to obtain
other hcteroploids 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 some economical charac

teristics are being bred in our laboratory using
K221, K222, and cultivated sweet potatoes.
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 his kindness in reviewing and correct
ing the manuscript. 
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Vegetative and Sexual Management in Food Yam 
Improvement 

L. Degras 1 

Yam models are described, giving several required characteristics for clonal cultiva
is possible

tion of Dioscorea ahita, D. cayenensis, and D. trifida. Intraclonal selection 
clonal population diversity, and time dispersed

because of tuber internal heterogeneity, 
of "somatic drift"

production and germination of individual plant bulbil. A kind is 

observed.
 cited, and day/night
Several aspects of determinism of tuberization and flowering are 

ratio, light intensity, soil mineral balance, internal vegetative phases, and genetic factors 

are recognized in flowering and in sex-ratio determinism. 
Basic management using axillary structure growth-substance treatment for vegetative, 

sex control is discussed. In addition, the genetic analysis of
tuberization. flowering, and 

characteristics, and different cultivation systems are examined.
 

Yam improvement has normally been based 

on the introduction of clonal cultivars selected 

from traditional populations. Use of the sexual 

system for food yarns has been attempted; how-

ever, it is among pharmaccutic yams that the 

sexual system has been extensively used and 

studied, 
Improvement of the food yam through its 

sexual system began in 1966 with D. trifida in 
it is nowGuadeloupe (Degras 1969), and 

spreading through an inter-Caribbean selection 

on behalf of the ISTRC-CFCS yam study 

group. The largest food yam breeding poten-
tial now comes from IITA where, since 1970, 

and Okereke (1975) have developedSadik 
the sexual utilization of D. cayen'nsis ssp. 

of seedsrotundata, and tested a large amount 
throughout the tropics. 

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

Yarn Models in CurrentClonal 

Cultivation 


At the present time, all cultivated 'ams are 

clonally propagated. The characteristics of D. 
Frea, D. caycnensi , and D.fri/ida in the 
French West Indies are as follows' D a (at)

(I)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 tu~bers (other characteristics 

Breeder. Institut national de larecherche'Plant 
Centre des Antilles et deagronomique (INRA). 

PetitlaGuyanc, Domaine Duclos. Prise d'eau, 
Bourg, France. 

goodexisting widely in the species are: 
dormancy, resistance to Penicillium oxalicum, 
germination in dry conditions, and good yield 

without staking): D. cayenensis ssp. rotundata 
- (I) fair tuber maturity long before foliage 
decay, (2) good tuber regrowth after corn

mercial harvest, (3) high cooking quality 

(whitish flesh), (4) year-round tuber develop

ment, (5) medium storage duration of corn

mercial harvest, (6) prickless roots, (7) high 
early yield; D. tri/ida - (1) tubers available 

year-round because of: (a) fresh production all 

season, (b) food storage duration, (2) high 

cooking quality with sweet taste, (3) tuber 

grouping near soil surface, (4) high yield with 

10% seed sized tubers, (5) resistant to viruses, 
and mealyPenicillium oxalicum, nematodes, 


bugs. (6) spheroidal tuber shape, (7) resistant
 
or tolerant to drought.
 

IntraclonalSelection 
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 regulation is suppressed when the 

slice size is greater than 5 g (Degras and 
Mathurin 1975). It is important that differ
ences have been repeated over first and second 
generations of two D. tri/ida clones obtained 
from different parts of a tuber ot cultivar 
INRA 25: flowering time differences at the 
second generation were in accordance with be

haviour in the first generation, differences in 

time to maturity were tip to I month. 

We do not know the level of genetic homo

geneity of traditional cultivars, but some may 

include mutational variations. Off-types are 
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Table 1.Agronomic variability from D.cayettenis cultivar Krengld intraclonal tuber selection. 

Tuber shape Plant size Growth Tubers Mean tuber 
(seed tuber) (200 days) durations Yieldb harvestedt ' weightb 

Cylindricalc 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 

aStatistical significance has been found for shape x seed tuber weight interaction in cycle duration. 
I'Significative differences p= 0.05. 
eCylindrical data are taken as basis = 100 for each trait. 

normally easily recognizable when cultivated 
with cultivars: cultivar individuality is a fact. 
Nevertheless, in the well known cultivar D. 
cayenensis ssp. rotundata "Krengl6," in central 
Ivory Coast, a number of tuber forms could be 
separated. When cultivated separately they
have distinct performances (Table I). 

Another case of intraclonal variation that 
may be explored arises from different times to 
maturation of the bulbils of the plant. In D. 
bulbi/era and D. alata, the difference may 
reach I month. 

These examples show that a form of 
"somatic drift" of clonal expression of a yam 
genotype could proceed from conscious suc-
cessive selection of extreme phenotypic varia-
tions. It is obvious that in current cultivation, 
such variations do not cause marked changes 
of the clonal population. But we think that 
through controlled cultivation (planting time 
and density) and controlled dormancy dura-
tion we could expect to alter the phenotypic 
balance of clonal properties. The selection of 
the type of planting material from tubers of a 
clone could at the same time determine the 
best rate of multiplication and the highest rate 
of phenotypic variation that could be explored 
through environment x growing condition in-
teractions (Mathurin and Degras 1974, Degras
and Mathurin 1975). In this respect, an ex-
periment is now in progress using 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
velopment for the following reasons. 

Tuberization and flowering seem to be 
favoured by short days for a number of species.
This has been shown for bulbils and for tuber 
growth. D. alata and D. trifida normally flower 
in the autumn, but Henry (1967) obtained 
earlier flowering for a number of seedlings 
under short days. 

High light intensity isnecessary for flowering 
and tuberization: Henry (1967) observed a 
lower level of flowering of D. trifida seedlings 
when shaded. For most species, staking, which 
permits more light to enter the canopy, gives 
higher tuber yields. The difference is striking 
for a number of dry-forest climax species like 
D. cayenensis, whereas it is less important for 
rain-forest climax species like D. alata and D. 
trifida. 

The physiological response to fertilization 
suggests a common process for initiation of 
tuberization and flowering. We observed that 
given balances of NPK in D. cayetinsis in
creased the tuber yield and the percentage of 
plants that flower. In D. alata,stem fasciations, 
which may be considered in sonic cultivars 
from central Ivory Coast as a substitute for 
flowering, occurred when tuber yields were 
greatest. 

Generally speaking, flowering seems to be 
triggered by a certain level of development of 
the vegetative organs. This could account for 
the low level of flowering observed in the first 
growing cycle of D. tri/idaseedlings when com
pared to the second cycle. This level is not 
merely a matter of biomass: plants with heavy 
vegetative organs do not necessarily flower. 
It seems that the relation is both qualitative and 
quantitative. 
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Aspects of the control of the vegetative and 
flowering stages are also seen in the balance 
between bulbil and inflorescence development
in some species. Along one plant of D. bulbi-
lera (Martin 1974) there are a succession of 
foliar axils, first with bulbils alone, then with
both bulbils and inflorescences, then with 
inflorescences alone. Among populations of 
primitive cultivars of D. alata some clones bear 
only bulbils and others only inflorescences. 
Bulbil setting begins somewhat before the 
flowering time. 

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

So, ecological factors like day/night ratio,
light intensity, soil mineral balance, internal 
vegetative phases, and genetic makeup control 
yam flowering, 

Sex-Ratio Determinism 

Though dioccism is the general case in yams, 
a number of cases have been observed where 
some level of monoecism and even of herma-
phroditism is obvious. In central Ivory Coast 
the occurrence of monoecious plants in D. 
cayeniensis is affected by mineral fertilization 
and season, and its occurrence is higher in 
sexual progenies than in clonal material. 
Sadik and Okereke (1975) have recently con-
firmed these findings. 

In a number of species a prevalence of male 
flowers is reported. In some wild species, the 
female form is unknown, for example in Mada-
gascan flora (Burkill ct al. 1950) or in Mexican 
flora (Matuda 1954). Martin (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 male parents, which in letraploid
species could be XXXY, XXYY, XYYY.or 

The latter is lethal or only gives males, 


In D. irifida, Henry (1967) observed a high
prevalence of males in common clonal prop-
agation, a lower prevalence in the first seed-
ling growth cycle, and a still lower prevalence
in clonal multiplication of these seedlings. Dc-
gras et al. (1973) observed an increase of 
female plants when flowering was increased.
In D. trifida seedlings a 3/I male/female ratio, 
which in the case of predominant tetraploidy,
could result from a XXYY male. In D. cay-

enensis spp. rotundata, Sadik and Okereke 
(1975) observed no female inflorescence in 
the first seedling cycle, but in the following
growth cycle, female plants appeared in a 
higher proportion than in traditionally vege
tatively reproduced populations.

Another aspect of Dioscorea flowering seems 
constant: the time of female flowering with re
spect to that of males. This may be associated 
with the tendency toward higher tuber yields
from female plants.

To obtain high levels of yam crossing the 
following are recommended: (I) a high level 
of vegetative growth, which is necessary for 
full female expression; (2) several plantations
of both parents for simultaneous flowering;
and (3) common staking of male and female 
inflorescences so that flowers are close (pollen
is sticky and wind dispersal poor).

New research could lead to a better manage
ment of yam flowering. The very specific nature 
of the nodal and axillary yam structure is 
obvious from the special vascular organization(glomeruli) ascribed thisto genus (Ayensu
1972). These glomeruli are capable of develop
ing into flowers, bulbils, or chiots. A systematic
screening of growth substance, and the nutri
tional and physical effects on the yam nodal 
axillary system, as applied to the axillary com
plex of Luphorbiacae (Champault 1973), 
may be successful in increasing flowering. 

First Data from Genetic Analyses

Martin (1966) attempted an interpretation


of sex-ratio heredity in yam, and havewe 
limited data on D. trifida (Degras 1969, De
gras et al. 1973). We now have more complete

data for a number of crosses in this species.
 

Anthocyan in Tuber Flesh 
Table 2 gives the distribution of anthocyan


in progeny. 'Interpretation is diflicult because
 
of: the limited 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.y 

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

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

Skin colours 

Deep Light
Flesh colours purple Purple purple White 

Deep purple 3.3 
Purple -
Light purple -
Very light purple -
White 

5C.C. Violette type.

bINRA 40 type. 


1.6 - 
22.9 l8.0a 

3.3 18.0 
1.6 3.3 
1.6 6.6 19.61, 

seanseproessiod 68inplants produced 668 g,monoic 770 g,and order to reach some level of homozigosityfe-fomancrctitcs 
male 1135 g (mean tuber weight). Leaf and for main characteristics. 
branch balance on successive nodes gave a yield Ayensu. E. S. Anatomy of litthe nocntyledons.
of 1000 g (worst balanced system) to 3000 g VI. Dio.coreale.s. Metcalfe, C.R.(ed.), Claren
(best balanced systems). A relation between don Press, Oxford, 1972, 182 p. 

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 isobserved. It seems that for most 
characteristics, in accordance with the general 
high level of polyploidy in cultivated yams,
multiple level 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. trifida 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. cayenensi s occurred in 
1955 at Bouak6 (Ivory Coast) where Franck 
harvested 3020 seeds from cultivar "Assaoua" 
and obtained 48 seedlings. Only 13 clones were 
retained. 'e 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 clonal cycle, the value of flowering, 
sex expression, and phyllotaxy. Nonflowering 

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. trifida 
were studied by Henry (1967). Since 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 (Penicilliun rot, viruses) and 
pests (mealy bugs, nematodes) are still lacking 

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 some new cultivation systems.

First, more intensive cropping will proceed
from the following genetic modifications: (I) 
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) lower 
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 levels of these crop modifications can 
be projected: () the tubers fronm, 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 clonal to seedling 
performance. In both cases a relative genetic 
homogeneity is wanted in the progeny. [loth 
parents, or at least one of them, should be built 
through successive brother x sister crossings 
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Sweet Potato Clones Adapted for Libyan Agriculture
 
Warid A. Warid, Boleid W.Dahmani, and Mosbah M. Kushad'
 

Five experiments were conducted from 1971 to 1973, on the adaptability of some 
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 t/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 between 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- marketable roots. Perennial plots were estab
portant food crop. However, the sweet potato lished for promising clones to obtain stem 
crop is not popular among Libyan farmers. cuttings for use as planting material in clonal 
The enlarged roots offered for sale are of in- evaluation tests. 
ferior quality. They are elongated anti not Little work has been done on sweet potatoes 
unifoim in shape. The skin surface is ridged in Libya, although recommended cultivars 
and tan coloured. The flesh is whitish, almost were reported by Mazzocchi and Thrower 
tasteless when boiled, and has a high fibre con- (1962). The aim of this study was to screen 
tent. The vegetable breeding program at the introduced clones, and possibly recommend 
University of Tripoli has included the improve- one or more clones for food and industry. 
ment of this crop since 1969. A few enlarged 
roots of sonic clones bred in Egypt, Japan, and Materials and Methods 
the United States were introduced and asex
ually propagated for the first 2 years. Sonic of A total of five experiments were conducted 
these clones were discarded early because of from 1971 to 1973 at the University of Tripoli. 
poor growth of vines, low yield of enlarged The soil was a sandy loam (pH 7.5-8.5). Stem 
roots, or the production of only thick and non- cuttings, 20-25 cm long, were planted 30 cm 

apart in rows 60 cm wide. The experimental 
'Department of Plant Production, College of plot unit varied from 2 to 8 m 2 (excluding

Agriculture, University of Tripoli. Tripoli. libya. guard rows). The crop was grown as a summer 
crop under irrigation. Mean air temperature 
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had a minimum range of 13-22 °C and a maxi-
mum range of 23-32 C. The fertilizer (NPK,60, 120, 120 kg/ha) was applied 2-3 weeks

ad monthlae60,e p1an,120 wa 2-3 weesie
after planting, and I 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 Green Hill Project (recently re-
claimed land) using six replications. Planting 
was on 7 June 1971 and harvesting (43 284 
plants/ha) occurred 37 weeks later. 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 minimum diameter of 
3 cm, were weighed. Analysis of variance was 
applied to the data, and coefficients of varia-
tion were computed for each characteristic, 

Effect of Planting Date and Harvesting 
Period 

This test was conducted in 1972. It included 
two clones (Mabrooka and Yabany), three 
planting dates 18 May, I 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 'C in an oven for 
several 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 mrcn aeaHbiadMbok 

clones tested in 1973 were harvested after 27weeks. 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 
weight 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 asingle 
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. Yahany clone was discarded 
after 1972 on account of its comparatively 
poor vegetative growth. 

The fluctuation of yield from season to sea
son was evident in clones American and Ma
brooka. A similar clonal trend has been found 
in reports from Malaysia, the Seychelles, and 
Trinidad. A better judgement of clones, how
ever, can he achieved through a combined an
alysis of yields over several, 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 Mahrooka and 
Yabany clones, respectively. The weight of 
roots was more variable than their number. It 
was generally observed that the vegetative 



64 TROPICAL ROOT CROPS SYMPOSIUM 

Table I. Mean dry matter content, colour of skin, and flesh colour and texture of 
enlarged roots of different clones (University of Tripoli 1973). 

Dry matter& Colour Flesh 
Clones (%) 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 3.2,.
bTexturc of the cooked flesh. 

growth of sweet potato plants continues for 
about 10 months. The vines are usually killed 
by frost in late December or January. Thus, 
planting dates in August and September could 
be tested in addition to the current April-June 
planting. 

The dry matter content varied from 22.1 to 
23.4% on the average (Table I ). Clone Amer-
ican possessed 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 recoin-
mendation to Libyan farmers. Many citizens 
and students on the campus of the University
of Tripoli showed 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 area. FAO (1975) 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, 510 g in Ka-
hera Hybrid, and 404 g in Mabrooka. The most 
variable clone was Niabrooka. 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 yield, i.e. 

weight of enlarged roots. Within a given clone, 
e.g. American or Mabrooka, the weight of 
roots showed the highest degree of variability,
the weight of vine showed the lowest 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 (I975a, b) 
found that this contribution depended on the 
relation between yield and either tubers num
ber, mean tuber weight, or both components.
Their data showed a greater variation for the 
yield 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 significant, but other values were 
not significant. The negative correlation found 
in Mabrooka clone was also reported in dif
ferent sweet potato material studied by Li 
(1965), and Lowe and Wilson (1975a, b).The
degree of association between root number 

and mean root weight, however, was not clear. 
The yield would be affected by any significant 
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 
yield. i.e. weight of enlarged roots. were calcu
lated. Values of the partial correlation coeffi
cient indicated a nonsignificant correlation of 
vine weight with numberof roots. Asimilarcon
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 r2 values werc 

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 effect of vine weight, 
keeping the number of roots constant. 

Yield and number of roots showed highly 
significant, positive correlation in all clones. 
This finding is in accordance with that of Li 

(196), nd (195).The
Lwc nd Wlso (1975). The(1965), and Lowc and Wilson 
range of r values was from 0.650 to 0.705. 
Values of r2 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 effect of 
number of roots, keeping vine weight constant. 
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Yams 
Yams were domesticated in at least three different areas, and some have be

come so domesticated that the sexual process no longer exists. It is probable that 
the yam has been cultivated for 10 000 years or more. During this period the 
degree of domestication has varied. Some remain toxic or poisonous. 

D. alata 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. It is probable that evolution has continued by asexual means probably 
through aerial tubers, which arc 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 male flowers. 

D. rotundata is nearly sterile but recent selection for flowering types in IITA has 
led to more profuse flowering types that also have higher yields. It is interesting to 
speculate on the criteria for selection in primitive agriculture that selected for less 
flowering and apparently also lower yields. For future selection of higher levels of 
flowering, 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 flowers freely. 

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

rent theory places its origins in the new world. A hexaploid, it probably came from 
diploid or tetraploid forms, which may exist today in the wild. Dr Nishiyama and 
coworkers in Japan. have studied sweet potato origins more than any other group. 
They found diploid and tetraploid plants that cross with sweet potato. Ipomoea 
trifida is the only wild hexaploid plant. Dr Nishiyama believes that 1. batatas came 
from 1. trifida. 

The problem of self-incompatibility of sweet potato presents problems. How 
and from what sources did self-incompatibility in sweet potato arise? Self-incom
patibility results from three dil'er,.nt genes. Wild lines are not self-incompatible. 
Where, then, are the wild progenitors that are perennial and have some degree of 
self-incompatibility? Nishiyama collected mainly in Mexico but maybe the ancestors 
of sweet potato are here somewhere in northern South America? A wild tetraploid 
line was found near Cali: Where are the others? 

Aroids 
The aroids probably originated in forest margins or swamps. Their special 

adaptation to wet condilions made them useful for early man who selected the 
plants and devised intricate systems for growing Colocasia and Cyrtospertna. 

All five main edible genera Alcasia, Ainorphophallus,Colocasia, Cyrtosperna, 
and Xathosona are vegetatively propagated. However, the plants can produce 
flowers and seeds, although 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 agricultural systems. 
Magnificent stone-walled irrigaled terraces were constructed in Asia and Oceania 
by early man to grow Colocasia. Some anthropologists believe that Colocasia may 
have been the first irrigated crop and iat rice may have been a weed of Colocasia. 

Chromosome numbers are important in plant type. Diploid Colocasia have 
a large main corm and few cormels, whereas triploids have numerous cormels. In 
general, diploid and triploid plants differ somewhat in tolerance of water regime, 
and in crop duration. 

The taxonomy of all edible aroids is confused, especially in Xanthosona, 
Alocasia, and Cyrtospcrmna. Of first priority for study is the cultivated Xanthosoina 
complex. 

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

In Asia, Colocaia and yans were both important 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. Pirt of the history of dispersal of cassava is related to 
the Arawak Indians who originated in Venezuela or the Guyanas and moved to 

http:dil'er,.nt
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Central America 2000 years ago and later returned to 'outh America. However 
there is evidence that cassava was cultivated more 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 Indians moved north it is possible that they only took the sweet 
cassavas. In Mexico cassava arrived quite late, possibly after the Spanish arrived. 

Potato 
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 Solarum in Mexico and Guatemala. 
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Productivity of Root Crops 
R. S. Loomis and H. Rapoport' 

The presence of an underground storage organ introduces a unique dimension to the 
productivity of plants. This dimension concerns the role of the or-an as a sink for 
photosynthates in competition with leaf and stem growth. The extended periods of time 
over which bulking may occur, and its indeterminant nature, means that the competition
for substrate influences the dynamics of plant growth over much of the life cycle. It is 
important then that we understand the controls by which bulking is balanced with other 
growth activities of the plants. 

Although root crops involve special problems in partitioning of photosynthates, other 
aspects of their production processes seem to be similar to most other higher plants. This 
discussion of productivity in root crops first examines production processes of plant
communities and then considers the dynamics of partitioning to storage organ growth,
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 I on a surface normal to the sun's 

rays. In the tropical regions, where solar alti-

tldes vary between 66 and 900 elevation at 
solar noon, the diurnal totals of solar radiation 
oin a horizontal surface outside the atmosphere 
range from 0() to over Q00 cal cm "day 1 
throughout tileyear. With clear skies of low 
humidity, up to t); of this radiation would 
be transmitted to the earth's surface. Most of 
this would be direct beani radiation and only 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 '-rain 1. Radiation levels of 
this sort are observed in tiledesert environ-
nients of the aid subt opical regions where 
irradianccs of 700-00 cal cm '-'day Iare com-
mon. When irrigation is possible, these regions 
will suppolt \cry high levels of crop produc-
tion. hlowever, the potential receipt of solar 
cnelrgv i,greatly modified by atnmospheric con-
dilion, and high radiation levels are less corn-
lon in the tropics because of cloudiness and 

'Department of Agronomy ard Range Science, 
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humidity. Diurnal totals for solar radiation 
usually fall in the range of 300-500 cal 
cm -day' 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
munitics can benefit from the high radiation. 
Tropical environments are further limited 
by the short days, which range from 10.5 to 
slightly over 13 hours. At higher latitudes in 
the temperate zones, daily radiation totals of 
500 or more cal cm-day tare relatively com
mon during the summer season. 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. 

The low irradiances of tropical regions are 
associated with smaller net radiation exchanges 
.a the earth's surface. Net radiation is the dif
ference between the totals of incoming and 
outgoing radiant fluxes and is related chiefly to 
exchanges of energy with latent heat and air 
temperature. Tropical environments thus have 
an advantage in low evaporative demands. In 
terms of primary productivity, however, the 
chief advantage of tropical regions lies with 
the length of the growing season, because other 
aspects of the radiation budget are generally 

inferior to that received during the summer 
season at higher latitudes. The long growing 
season lends 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 (Loomis and Williams 
1969). The leaf area index of most root crops 
increases slowly after planting, due in part to 
the use of relatively low plant densities. Dc-
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 alata 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 (Ipomoea 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 differences 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-
lated to single and multishoot treatments could 
be ascribed to differences 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 1975) of leaf area, and leaf area 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 light interception may 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 partial cover can be short-

ened with species that have a high allocation of 
photosynthate to foliage production, or 
through dense plantings (a large number of 
apical 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 learned about these prob
lems through the use of light distribution 
simulation models (Duncan ct al. 1967; Allen 
ct al. 1974; Lemeur and lad 1974; Monsi et 
al. 1973). 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 different canopy arrangements because 
genetic and mechanical manipulations of leaf 
display generally confound photosynthesis re
sponses with other aspects of growth and de
velopment. 

Some simulations with the Duncan model 
(Duncan et al. 1967; Duncan 1971) are illus
trated in Fig. I. With less than full cover, 
plants that display their leaves horizontally in 
regular arrays are found to be more elicient 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 
of canopy architectures show clearly that there 
can be a marked increase in primary produc
tivity using erect rather than moderately in
clined leaves 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 
foliage 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, diffuse irradiances of the 
humid tropics, the advantage is not nearly as 
great as is shown in Fig. I for clear skies in the 
temperate zone. 
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Fig. I. (Left) Simulations with the Duncan model of crop growth rates (C) for conmnunitiesof C,
and C, plants of various leaf area index (L) and leaf elevation angle (a). The canopies are composed
of 10 strata of randomly dispersed leaves. Solar and skylight data of 38 *N latitude, I July (after
Loomis and JI'illiams 1969). (Rit) Simulations of crop growth rates for "'best"and "worst" possible
comnbintions of leaf angles at leaf area indices (L) of 1, 2, 4. and 10. Each canopy has 10 strata of 
leaves: the horizontal axis indicates the ,in'ber of 
The be.et canopies (upper lines in each case) have 
Tile worst vanopis hlave I/ in upper strata, V" in 
lltitude, I July (after Duncan 1971). 

The influence of diffuse radiation on produc-
tivitv 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 (It,,/ft) 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 
(11,, ,,) (Fig. 2. left). At any given radiation 
level (Fig. 2. right) simulated production rates 
increase as the proportion of diffuse radiation 
increases. but this effect is more than offset by 
the reduclion in total 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. WVith a specific leaf area of 2-3 
dning I, the dry matter of a hectare of leaves 
will range between 375 and 500 kg in blade 
material alone. With a protein content of 15-
18%, 9-15 kg N ha i are required for each 
unit of leaf area index. Foliage canopies with 
leaf area indices of 8-10 thus require cycling 

strata with vertical (V') and horizontal (H) leaves. 
I leaves on top and If leaves in the lower strata. 
loller. C, plant; solar and skylight data of 40 *N 

-of 70-150 kg N ha-lyr I for leaf 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-' 
(Loomis and Gerakis 1975). These crops in
volved the development of extremely dense 
foliage canopies but 1000-2000 kg N ha- 1 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 low leaf-area in
dices for optimizing the production of root 
crops in tropical environments. With a low leaf 
area index, a high proportion of the leaf 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 some 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) Litt and Jordan's (1960) observations of tic fraction (HI,/II) o/ daily total radiation on a horizontal .s rface (11) received as diffuse sk'ylight (io) as a function /I,1, 'thefractionthat daily total radiation was to that received outrvide the attmosphere (11,). Ti ol. ert'ations weremade throughout th year in the norihern lemii. here. t l/h proportion of diluse radiation occursiwith high cloudinessand he'c iwith a low proportion of daily total radiation. (Riht) Simulaitins wviththe Duncan model of comnttinity photosynthesis rates with varying proportions of /iftotse skylight(H/IH)from a unifori overa'astsky. Photosynthesis rate increases at each radiation level as 1I/1)Hincreases. The points and 'onnecting line indicate t'e situation for "real" skit's tt, ing the Lut andJordan relationship ,%hou'n to the left. The reduction in radiation off.ets the more elicient distribuiionof radiation itstIhi the canopy atnd photosynthesis decreastes ts (lowliness intreases. Solar tlata for23.5 *N latit ude, 21 June, C plant. 

have a C3 pattern of carbon metabolism. They 
can achieve a high quantum efficiency at low 
irradiances, but they arc susceptible to light
saturation with 0.4-0.5 cal cm 'min 2 of sun-
light. The ribulose diphosphate carboxylase en-
zyme system of C: plants has a low affinity for
CO.. and 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 C., type of metabolism (Loomis and 
Gerakis 1975). C, 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 stomatcs are 
partially closed. This lends a capability to the 
C4 species for a greater water use efficiency
(Downes 1969) and many ecologists feel this 
may be the principal advantage of the C4mechanism. 

It seems unlikely that the C., metabolic 
system can be easily introduced into C: plants;
the inheritance is complex and the transfer has 
not been successful even in the few instances 
as in Atriphtx where the two systems were 
found in closely related species (B1jorkman
1976). The alternative is to select for higher
photosynthesis capability within C: plants.
Little progress has been made in this direction,
perhaps because environmental factors have 
strong influences on the system and our ap
proaches have been relatively crude. Recent 
results with C:1 tomato (Augustine et al. 1977) 
are rinich more promising. 

Regardless of the outlook in breeding, it
would be helpful if we had more information 
on the photosynthtjc capabilities of the root 
crop species. Response functions to tem
peratttre, 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 area in-
dex) have been less satisfactory. NAR values 
are highly sensitive to environment since they 
integrate the daily patterns of temperature and 
solar radiation as well as tile manner and den-
sity of leaf display and tile respiratory activities 
of nonfoliage parts. Even when extrapolated 
to 0 leaf area index, NAR values may bear 
little relationship to the photosynthetic capa-
bility of a particular plant. Comparisons of 
NAR rates within or between species thus have 
provided little information about the mor-
phological anid physiological properties of the 
particular photosynthetic system. 

Solar radiation flux, foliage architecture, and 
photosynthetic capability, then, are the princi-
pal factors affecting primary productivity. In 
the field, there are many subtle variations in 
these or other factors that add to the corn-
plexity of the situation. The placement of 
plants in rows, the use of species mixtures, tie-
liberately or inadvertently within the plant 
conimuniity, and the phototropic movement of 
leaves are simple examples. Fukai and L.oomis 
(1977) have developed a photosynthesis 
simulator for row-planted crops. The validated 
model predicts a 30% greater production rate 
when leaves of a cotton crop are uniformly dis-
tributed over the land rather than being 
clumped in rows. They also found that photo-
tropic movements in cotton, which tend to 
maximi/e tile proportion of leaves displayed 
norlmally to the stu's rays. can be advantageous 
to production rates with a siall leaf area index. 
Williais and (hazali (1969) have found 
moverients in the upper leaves of cassava, with 
a tendency toward vertical orientation at night 
and a change to moderate angles of display 
during daylight hours. There were differences 
among varieties iii the average leaf angle, tile 
amount of diturnal change, and in the occur-
rence ofta mid-day drooping to a Iore vertical 
leaf angle The presence of disease or insect 
damage and [lie influence of leaf age may also 
beconle iniporlant factors in production. All 
of these features are strrceplible to study and 
inlprovcnileit. The supply of carbon dioxide. in 
contrast, is much nuioe dillicult to nlodifV, yet it 
is probably a limiting factor during the mid-day 
period in rmost agricultural systerns. Carbon 
dioxide is normally limiting under intene radi-
ation and the extent to which this limitation is 
enhanced by depletion of carbon dioxide from 

the air within the crop is strongly dependent 
upon the efficiency of eddy transfer and hence 
on wind speed. Again, this will be less of a 
problem in the tropics with low radiation. 

Partitioning 
The allocation of new assimilates to respira

tion, growth, and storage is the second feature 
of the production system. 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 astrong control on the increase 
with time of community light interception and 
hence photosynthesis. In addition, photosyn
thesis rates may be depressed in some cases by 
the lack of active growth and storage sinks. 
Although final yields are obviously dependent 
upon photosynthesis, crop physiologists have 
had diffliculty in correlating variations in yield 
components with photosynthesis rate. The ex
tensive work by Wallace et al. (1976) with 
bean, as an example, illustrates tile difficult 
morphological questions that are encountered. 
We will look briefly at respiration as an aspect 
of partitioning before turning to the morpho
genetic questions that lie at the heart of the 
partitioning problem. 

Respiration 
Plant biologists have had a tendency to treat 

respiration rather casually and to consider it 
primarily as a wasteful drain on assimilate 
supply. Our understanding and conceptualiza
tion of respiration in higher plants has been 
advanced markedly in tile past few years. Me
('ree ( 1971) identified two main components 
of whole-plant respiration: one part associated 
with tile cost of maintaining 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 
forllulation parallels the position that micro
biologists had reached earlier (e.g. Pirt 1965). 

Smith (1949) and other early workers in 
photosynthesis recognized that the amount of 
respiration would be heavily dependent upon 
the end products of growth and photosynthesis. 
Penning de Vries ( 1974) and Penning de Vries 
ct al. ( 1974) have formulated this approach 
rather rigorously in a classic study. Using cur
rent concepts of metabolic pathways, they cal
culated the energy and material costs of syn
thesis from primary photosynthate for each 
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Table !. Balance sheet for respiration associate,] 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).
 

aPV is the "product value", gproduct achieved per gglucose consumed starling with NOi-N and SO.,-S, 

Compounds 

Fraction ofplant
(_ g ) 

-

I'Va 
(g gltcose_ 

, product ' 

Substrate use 
(g glucose 

g biomass 
0 2consunmed 

(g) 
CO, produced 

(g) 
Nitrogenous

Amino acids 
Protein 
Nucleic acid 

0.023 
0.200 
0.077 

Carbohydrates 

Sugars 
Cellulose 
Hemicellulose 
Pectin 

0.230 

0.085 
0.226 
0.226 
0.028 

0.620 0.371 0.00208 0.0924 

Lipids 

Lignin 

Organic acids 
Minerals 

0.565 
0.025 

0.080 

0.050 

0.050 

0.853 
0.351 
0.483 

1.104 

0 

0.662 
0.071 

0.166 
0.045 

0 

0 
0 

0.00735 

0 

0 

0.0377 
0.0355 

0.0404 
-0.0023 

0 
Respiration for

additional ATP and 
NADH2 production, 
ion uptake, andglucose transport 

Total 
0 

1.00 
- 0.223 

1.538 
0.18000 

0.189 

0.3280 

0.530 

unbalanced for total ATP and NADI.112 needs that are balanced butat tie bottom of the table t'tr the whole plant.The net product value, 1.00 g bioniass/1.538 g glucose = 0.650. 
type of primary plant product. For example,

starting with glucose, they totaled the number 

comparison to that for carbohydrate fractions;

plants with aof ATP and NADH., molecules required in a 

high proportion of carbohydrates 
least-cost pathway for the 

in their biomass will have a greater weight yieldsynthesis of eachamino acid and for the assemblage of these into 
per unit of photosynthate. Second,though corn even 

typical proteins. plant material has a relatively lowThe same process was fol- protein and lipid content, aboutlowed with carbohydrates 25% of thesuch as cellulose, original photosynlhate supply is consumed bylipids, nucleic acids, and other products. Asso- respiration associated with syntheses (growth).ciated with these biosyntheses were identifiable This percentage agreesbut less certainly determined well with McCree'scosts associated estimates of the growflh-associated respirationwith transport, gradient maintenance, and turn- of clover (McCreeover of proteins and nucleic acids. 
1971 ) and sorghum (Me-Detailed Cree 1976) plants.tables giving product yields (g product/g glu- Respiration budgets of this sortcose) for all of the important constituents of apply onlyonhigher plants were presented. Starting with ni-

a whole plant basis. One of the largest en
trogen and sulfur in reduced or oxidized forms, 

ergy costs, for example, is the reduction ofnitrate. finmanya summary of their calculations for the bio-
plants, this is accomplished 

chemical composition of typical 
largely in the leaves with some direct participacorn plant lion of photosynthcticmaterial is shown in Table energy sources. TheI. Two key points growth respiration for nitrogen metabolism ofare evident. First, the respiration cost for the a storage organsynthesis of lipids and proteins is very high in 

on the other hand involvesonly the cost of assembling these amino acid 
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Fig. 3. The time course of two types of partitioning observed in root 

Continuous partitioning. (Right)Phasicpartitioning. 

units into proteins. If the protein and lipid 
are low, the growthlevels of storage organs 

low. Therespiration will also be relatively 
maitltenance respiration of storage organs also 

can be very low it'a high proportion of the dry 

matter is carbohydrate and is compartnen-

talized in starch grains. 

Source-Sink Relations 

The other aspects of the partitioning process 

seem to centre principally on tilerelative ac-

tivity of photosynthate sinks (Evans 1975). 

Agricultural crops usuially are grown under con-
fairly intense interplantditions that result in 

conpetition and if nutrients and water are not 

limiting, source activity is usually the most 

limiting part of the systel l.imitations due to 

sink activity and transport capacity, however, 
can be demonstrated. Through manipulations 
such as the removal of developing fruits or 

girdling (lumphries I967: Neales and Incoll 

I908), carbohydrates accumullate in leaf arid 

stem tissues and photosynthesis is usually de-

pressed. The negative feedback on photosyn-
thesis might occur at any of several steps in 
the process. A direct represio of carboxylase 

enZllles has not yet been lemonstrated and 

the mechanism for assimilate control of 

photosynthesis renwin unresolvCd (Thorne and 

Koller 1974). tlowever, as Evans (1975) con-
cludes, source-sink and transport systems are 

relatively well balanced in most crop plants to 
the side of source limitations. 

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 
the sugar beet, storage 
early in the seedling 

/ 

STORAGE
 
ROOTR
 

and tuber crops. (Left) 

type, characterized by 
organ growth begins 
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 anti 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 later, is usually more 
andeterminate in nature, and often requires 

inductive environment. Examples of this type 

of growth include the potato and cassava, some 

varictics of which begin tuberization after 

being exposed to short days (Bolhuis 1966; 

Gregory 1956; Okigbo 1971). The switch to 
growth may be quite dramaticstorage organ 

with a sutbsCquent cessation and/or even nega

tie growth of shoot tissues. 

Balanced Partitioning: The Sugar Beet 

The balancing mechanisms between shoot 

and storage organ growth in plants such as the 

sugar beet may be based] on several functional 

activities. In shading or crowding experiments 
we can demonstrate a sequence of priorities in 

the utilization of a limited 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



77 
LOOMIS AND RAPOPORT: PRODUCTIVITY 

POOt 

CD 1.0 

_j 60 
t
~~2.0 

t C'R,_ 

0 60 too 60 ;10 

00 

TIME FROM EMERGENCE (DAYS) TIME FROM EMEROENCF (DAY,) 
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tit(e to .gro ti/t, .storage,mid re.%piration. The nodel re.%pondedweather data for Sacrameiito, Calif., (38 'N latitiude): r'nergente iia., on 10 Alit'viith 7plants III ". Possile Grontth Rate of Beet (PGR/i) is varied as a genetic opiniom iith/.0 co.rrespondingto sugar beet, 2.0 repre.%enting nangel, and 0.25 

(Right) Beet growth sink. 

lished and maintained. The relationship be-
tween fibrous root and storage root growth is 
particularly interesting since transport tofibrous roots in the sugar beet occurs past the 
actively growing vascular cambia of the storageroot. One direction for research is to cxamine 
the controls over phloem loading and unload-
ing (Wardlaw 1974). 

In addition to the top-down priority
photosynthate distribution, there seems 

in 
to be a 

reverse order of influences for deficiencies of 
nutrients and water acquired by the roots,
Stresses for these factors are usually more limit-ing to shoot growth than for the growth of 
fibrous roots anti underground storage organs.
Brouwer and de Wit (1969) have 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 also 
play a key part in the allocation process. The
role of auxins in apical dominance in shools 
provides a classic example (Phillips 1975).
Fluxes of abscisic acid and cytokinin from 
roots also serve to regulate shoot growth (Leo-
pold and Kriedeniann 1975). Correlative con-
trols over the activity of underground organs
will be considered later. Unfortunately for our 
understanding of whole-plant processes, there
has been very little study of the interact ions be-
tween substrate supply and hormones in the 
control of growth and development. 

Our own research on this problem has been 

representing Siis chard. (Left) Leaf groiwth sink. 

greatly aided by the development of a dynamic
simulation model of the sugar bect production 
system (Fick ct al. 1973, 1975; Hunt 1974).
The nodel is based ol tissue and organ level 
physiology and attempts to integrate the relative activity of sources and sinks into a t)e
havior of whole plants and crops. The structure 
of the model anld its behavior then represent 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 
initial size of the future storage organ (thehypocotyl 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 
'Ise a significant proportion of the available 
photosynthate. In the nodcl, leaf growth thus 
wins in the early competition for the limited 
supply of photosynthate. As a result, pholosyn
thate supply expands rapidly, more rapidly in
fact than the capacity for root growth. This 
additional photosynthate allows successive 
leaves to reach a larger and larger size (Fig. 5,
middle). The potential photosynthesis per
plant is determined by density, which estab
lishcs the area of the sunlight available per
plant. As the tops expand to Iidly occupy this 
area, the photosyntlesis rate per plant comes 
to a, m:.ximurn valhie. With :a single apical
mcrislem 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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panding leaves) x (the number of plants per 
unit area) (Loomis et :l. 1976). During this 
period, the storage root has continued to ex-
pand and increase in its capacity for growth. 
which eventually exceeds not only the growth 
capacity of the shoot but also of the photosyn-
thate supply. The result is the transition from 
shoot-dominated growth to root-dominated 
growih illustrated in Fig. 4. 

It is significant that the shoot continues io he 
an effective competitor for the limited supplies 
of pIhots yIlhate. The explanation for this 
seems to be that the leaf initiation rate is rela-
tively unafllected by competition for substrate 
and that the developing leaves maintain a 
priority for ass imilat es, including their own, 
during their inilial period of growth. The final 
mattre si,,e of tile later leaves is smaller than 
those that natuie earlier without signific:eant 
corr petiion Iona ilhe storage root (Fig. 5). 

The sensitisityv of the pall itioiling systel is 
revealed by alleiing the "genlic'" opinions in-
roduthced into tihe mIlodel. For esapllle, \%e can 

vary the "possilble g toh rate" of the storage 
organ. In re.al plais, this might co.'orespond to 
chasnges in thle nuimber of cambia in the storage 
organ. or in their cell divisiont rates, or in tle 
capacily Io transport assimilates from tle 
shoot. Byv reducing, this posible grow\th rate ly 
a factor 01 0.25, \%e markedly delay the transi-
lion to storage root-dominated growth and also 

reduce the degree of root dominance (Fig. 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 all members of the Beta 
tulgaris species. In the simulation, the reduced 
capacity for root growth allows the assimilates 
to he used in leaf growth and development. 
Figure 5 illustrates simulations of leaf growth 
for beet, chard, and mangel and shows clearly 
the kinds of leaf-size differences observed with 
real plants. 

We do not know whether real plants control 
these aspects of" partitioning through "possible 
growth rates" if roots, or by analogous controls 
over shoot gro\th (loomis et al. 1976) al
though we have some confirmation for root 
control of parlitioning in lta species through 
rcciprocal grafts of sugar b.eet and chard. 
('hard plants normally develop very large 
lea\es. hut when gratled to a sugar beet stock 
\,,ith a very strong capacity for storage organ 
grosth. tile resulting chard leaves are smaller, 
particularly in their petiole weights (Fig. 6). 
The reverse is true when beet shool,. which 
normalIly h\ave smaller leaves, are grafted to 
chard slock. lhe 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 underground storage organs and leaves, separated into blades (ad petioles,
front grafted plants of sugar beet and chard. The .raft e're hITtd, in the .serlling.stage vit/ apical
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activity, and the proportions of those root.s derived front S/i 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 drawn 
from grafting experiments with other root and 
tuber crops including sweet potato (Wilson 
1967; Hozyo et al. 1971 ;and Hfozyo and Park 
1971), potato ( Iunemann and Grassia 973), 
cassava (Mogilner et al. 1969; de llruijn 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 role in 
control. Two directions for further research are 
indicated. One is to ascertain 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 carnbia layers, so its lower capability for 
growth must rest with either a lower rate of cell 
division/enlargement when unrestrained by 
substrate, or with a lower priority in acqtiisi
tion of photosynthates from the shoot. Again, 
it is unclear whether such a lower priority could 
also restilt from a higher growth capability in 
shoots or some limitation in phloem transport. 
Chard plants actujally have a lower rale of leaf 
initiation, so the principal ditference, if it rests 
in shoot growth potential, has to fall to the 
number of cells and their final size within the 
developing leaves. Nutritional control of par
titioning could also he exercised ina ntumber of 
other ways. We should not overlook, for ex
ample, the possibility triat there are marked 
differences in these plants in the capacity or 
,nechanisms for phloem loading and unloading 
(Wardlaw 1974). This wotld directly atfect, in 
a nutritional sense, the priorities of shoots and 
roots. 

The second area of research involves in
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vestigations of the correlative influences over 
root and shoot activity. In experiments in which 
we have used the radish plant (Rhaphanus 
sativ'us L.) as a model of vascular cambial 
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 sustained only if a cytokinin is also 
present (Loomis and Torrey 1964). Peterson 

(1973) has confirmed and extended these find-
ings for the turnip. In sterile culture, the 
thickening of excised radish roots is independ-
ent of the presence or absence of the root tip 
suggesting that the supply of cytokinins from 
this source is not a factor in vascular cambium 
activity. This conclusion is reinforced by the 
demonstration of polar transport within radish 
hypocotyls and root sections in which auxin 
and cytokinin both are preferentially trans-
ported from the shoot towards the root end of 
these tissues (Radin and Loomis 1974). Thick-
ening fails to occur when the hormones are 
supplied from tile root til end of a root or 
hypocotyl segment. 

We may find that hormones do not serve as 

quantitative control agents over tile degree of 
partitioning. Instead, they may act as switches 
to initiate events and subsequent variations in 
cambial activity may be more strongly deter-
mined by nutrition than by the hormonal 
milieLi. I.awrence and Barker's (1963) study 
on the role of the carbon source for the tuberi-
zation of potato supports this view. 

Phasic ParlitioniIng 
The partitioning paterns of many root and 

tuber crops may be more determinate than in 
the sugar beet. The same aspects that we dis-
cussed for balanced partitioning (e.g. cell 
division and nutritional control) also apply 
here; the principal difference lies with initiation 
of storage organ growth. The early growth 
period is similarly doninaled by shoot and fi-
brous root growth, but it is without competition 
from storage organs and may lie of extended 
duration. Storage organ groisth is initiated later 
in the life cycle, freqclently in response to an 
environmental signal. and may completely 
doninate subsequent growth. In many re-
spects, the situation is analogous to the deter-
minate, phasic development of cereal grains. 
However, it is sometimes dillicult to discern 
these differences in practical situat ions and the 
point may have utility more for ordering our 
thinking about physiological controls and plant 

breeding than for crop management. One rea
son is that a species may show phasic develop
ment in one environment where the inductive 
stimulus is seasonally present, but not in an
other, continuously inductive environment. 

Photoperiodic induction of storage organ 
growth serves as one example of phasic con
trols. Beginning with the work of Garner and 
Allard (1923) we now know that fleshy root 
or tuber development in some varieties of 
potato (S. tuberosum L.), runner bean (Pha
seolus coccineus L.), yam (Dioscorea alata L.), 
and Jerusalem artichoke (Helianthus tuberoses 
L.), Dahlia, Begonia, Ullucus tuberoses,Oxalis 
tuberosa, radish, cassava, and other species re
quires or is strongly stimulated by photoperiods 
;horter than 10-12 hours (long nights). It is 
interesting that both root and stem structures 
respond. Considerable genetic variation exists 
within species. Some radish varieties, for ex
ample, seem to require short days for thicken
ing; others are neutral or accelerated by long 
days. 

Nitsch (1971) and Leopold and Kricdc
mann (1975) have reviewed the present status 
of the physiological controls of short-day in
duction. The key findings include Nitsch's 
(1965) observation that tuber formation can 
he prevented in Jerusalem artichoke by a red 
light break during the dark period. With t'he 
same species, Hamner and Long (1939) found 
that the photoperiodic stimulus was perceived 
in leaves and that the influence was transmitted 
through grafts to noninduced plants (see also 
Gregory 1956). Most intriguing, leaves of sun-

Ilower (H. annais L.) generated a short-day 
stimulus that induced tuberization in the arti
choke (1i. tuberosus L.) (Nitsch 1965). In
diiction may be quantitative; some plants are 
fully induced by I few photocycles but 'Sneezy' 
dahlia gave a linear increase in tuberization 
over the range of 4-28 inductive days (Moser 
and Hess 1968). 

Hormonal control of tuberization in photo
periodic susceptible species may be complex. 
Palmler 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 tills but decline rapidly with inductive 
treatment (Railton and Wareing 1973). Simi
lar results have been found with Dahlia (Biran 
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et al. 1974) where abscisic acid 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 reachedmaximum values in below-ground tissues after 
6mau atues wgroinitiated after 8-10
6 days and tubers were t iated aftorin-n0 
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 apical growth ceases du. ing heavy fruit 
development. Of the many relevant observa-
tions, it may be noteworthy that shoot growth 
inhibition occurred in sonic experiments with 
Dahlia when tuberization was promoted by 
short days or by foliar sprays of abscisic acid 
under noninductive long (lays (Halevy and 
Biran 1975). It remains to be seen whether 
storage roots and tubers release growth in-
hibitors that serve in the mobilization of re-
sources from the rest of the plant. 

It appears that photoperiodic control (and 
similarly temperature controls, which we have 
not discussed) may provide a functional 
balancing of shoot and undergrotnd organ 
growth, over time, for species in which tuberi
zation, once initialed, is an over-dominant pro-
cess. The control exists in many Iropica;l1 root 
and tuber crops. Threshold daylengths are 
rather precise, usually in the range of 11-12 
hours and the phenomenon may be important 
to the seasonal behaviour of some species with-
in the tropics. Other species might carry tie 
trait but exist always in the indLced state in 
their native lalittides; luberization would be 
continuous in the Irpies (and hence balanced 
by other mechanism s as with the sugar beet) 
but highly seasonal at higher latitudes. Cas-
sava's narrow geographical range near the 
equator is probably related to photoperiodic 

control (Bolhuis 1966; Jennings 1970). The 
trait should be considered in grafting studies 
(e.g. Wilson 1967) as well as in plant breed
ing and crop management. 

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

volve a very large number of plastic elements.It is increasingly necessary when attempting to 

develop integrative explanations or predictions 
about systems to turn to simulation models as 
an aid for dealing with the complexity. We 
have seen that our present understanding of 
light interception, photosynthesis, 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 changing nature of the 
plants and their environments. 

A feature missing from sich models has 
been an ability to simulate the hormonal regu
lation of adaptation and development. In 
models such as the sugar bect growth simu
lator, these concepts are simply entered as 
"genetic" rules. Radin (1970) otillined a hor
monal control model for radish root develop
mcnt, including econdary growth and Wilson 
(1975) in an eloquent essay has gone uirther 
and outlined a schenc for modeling the inter
action of hormonal and nutritional controls. 
This may be one of the tools needed, phis a 
great deal more information on physiology and 
morphology, before we can provide plant 
gractdrs and rotldiono xprts with n inte
grated understanding of root and tuber crops, 

The assistance of NI. B.Carter, W. A. Williams, 
F. Ng, and W. F. lhnt in the simuliions for 
Fig. 1,2, 4. and 5 is apprecialed. Supported in 
part by NSI:Granis Gil 14581 and 18541. 
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Total Dry Matter Production, TuberYield, and Yield
 
Components of Six Local Cassava Cultivars in Trinidad
 

E. B. Holmes and L. A. Wilson'
 

Dry matter production, quantitaive shoot morphology, dry matter distribution, tuber 

yield. and yield components of six representative cassava criltivars in Trinidad are 
to the yield performance of elite cassavapresented. The results are discussed in relation 

cassava type on which improvecullivars nd the yield potential of the cassava species. A 
ment of tileyield potential of the species might be based is identified. 

Cassava production in the Commonwealth 
Caribbean is estimated at 26 \ 10:1 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 level of 
cassava productivity is low compared with 
that itnBrazil (14.6 t/ha), and cassava pro-
duclion represents only approximately 10% of 
fileyamt prodttction of the region. 

Cassava i.grown in ecosystems ranging 
from tihe tiv plains of Jamaica (annual rainfall 
131 cm) to tilevery wet coastal plains of 
Guyana (annual rainfall 500 em'). However, 
despite the low productivity of Caribbean cas-
savat. there have been rcports of the existence 
of varieties with high yield potential (60 t/ 
ha under e\perimental conditions). Similar 
produtcti%ity levels have been reported for elite 
cultivar-, in fhe CIAT cassava collection and a 
potential Ilodulctivitv level of 9t0)tons/ ha Itcar 

has becit pdictlced for the species b ('ock 
(197.1). 

To increase Catibbean cassava production, 
two objectives must le achieved: (1) high 
product iv ity clth ivars suilable for gro\wth under 
the \sidc Iange of Caribbean ecosystels mist 

tIlpatinent of Crop Science. Universitv of 
the W,'e.tIndies. St Augustine. Tinidad. 

eithcr be identified or synthesized; and (2) 
cultural practices calculated to optimize yield 
of high performance cultivars must be de
veloped. 

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 cultivars 
with contrasting growth habits. This was done 
prior to introduction of exotic germ plasm and 
rcgional testing of selected high performance 
lypes in different Caribbean ecosystems. Pre
liminary data on six representative cultivars arc 
presented to place these cultivars in the profile 
of tuber yield productivity levels. 

Materials and Methods 

Six cultivars (Manihot esculenta Crantz) 
\,ere grown on 30-cm-high ridges that were 
'0 cm apart. Stein ctttings (18 cmn, 85 g) were 
planted 90 cn apart at an angle of 45* along 
the crest of the ridge and were each treated 
\ith 14t) g of a standard 12:12:7 N PK fertil
izer ole month :aftcr 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 1. Total dry matter production and quantitative stem morphology of six cassava cultivars.a 

Dry matter production 

g/plant 

g/plant /week t/ha 


Redstick 
Whitestick 1I 
Whitestick 1 
Maracas Blackstick 
Around the World 
Pie Pip 
Mean 
S.E. 

nPredicted dry matter 

3189 69.3 38.31, 

3036 66.0 36.4 
2997 65.0 36.0 
1885 41.0 22.6 
1664 36.2 20.0 
1424 31.0 17.1 
2366 51.4 28.4 
477.7 - -

production rates reported by 
(Cock 1974); 73 tons, ha, year calculated from de Witt (1967); and 130 tons/ha/year calculated rom Loomis and 
Williams (1963).

b43 tons/ha/year. 

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 per cultivar) was 
harvested and total dry matter, dry matter 
distribution, parameters of shoot morphology, 
tuber yields, and the components of yield, 
tuber number, and mean tuber weight were 
recorded 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 I). 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 t/ha/year) predicted 
by de Wit (1967) for Solanum potatoes, hut 
only 32% of the 13) t/ha/year production 
level based on calculations of maxilutim photo-
synthetic productivity by I.oomis and Williams 
(1963) for maize. 

Quantitative Shoot Morphology 

Numbers of leaves produced over the crop 
growth period, as assessed by total node num-
bers, were high (975-1231) in all ctiltivars 
except Maracas Blackstick (607). Percentage 
leaf fall was similar (52.5-59.9%) in all culti-
vars leading to proportionality between total 

Stem Branch Stem Node No. 

t/ha D. wt. No. 1). wt. / branch 
/week /plant /plant /branch /plant 

0.83 1522 29.7 51.2 40.1 
0.79 1553 24.5 63.4 45.1 
0.78 1698 19.2 88.4 58.8 
0.49 645 16.7 38.6 36.3 
0.43 961 34.3 28.0 35.0 
0.37 638 30.5 20.9 32.0 
0.62 	 1170 25.8 45.3 40.0 
- 242.3 6.8 - 6.0 

or calculated from ditferent authors: 46 toils/ha /year 

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 area. Thus, there were high ( Red
stick and Whitestick 11,7.1-7.9di, 2 ), interme
diate (Whitestick I and Pie Pip, 4.5-5.3 din2), 
and low (Maracas Blackstick and Around the 
World. 2.6-2.7 dmin} leal area cultivars. L.ow 
leaf arcas were due to low eat nutimber 
(289) and low average area lea' (46.2 cm-) in 
NIMaracas Ilackslick anid Ar'ound the World, 
respectively. The high dry matter prodtucing 
types Redstick, Whitestick I and If as well 
as the low dry matter type Maracas Black

stick were broad leaf ctullivars with leaves con
taining 3-9 clliptically shaped leaf lobes with 
length/breadth ratios of 3-4. Around the 
World and PiC Pip were fine ICAf Ctiltivars with 
leaf lobes having length/hreadth ratios of 12
15.
 

'[here were no obvious relationships between 
stem length, branch length, anid internode 
length and total dry matter production. The 
ctiltivar separation into three high ( 1522-1698 
g/plant) and three low (645-9,'61 g/plant) 
yielding types on file basis of stelll dry weight 
(Fable I ) was similar to tie total dry matter 
separation, indicating a mcasure of propor
tionality between stem dry weight and total dry 

weight. Ilowever, hoth illthe high and low 
yielding groups, there were ctullivars with 
lower branch numbers per plant IWhitcstick I, 
19.2 and Maracas lflackstick, 16.7) than the 

remaining cultivars (24.5-34.3), leading to 
heavier stem dry weight per branch in these 
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Table 2. Distribution of dry matter in six cassava cultivars. 

Stein 

Redstick 
Whitestick II 
Whitestick I 
Maracas lBlackst ck 
Around the \Voild 
Pie Pip 
Mean 

47.0 
48.3 
56.1 
34.7 
57.6 
44.4 
48.1 

cultivars (88.4 and 38.6, respectively) 

1.79 
2.19 
1.88 
1.62 
1.46 
1.48 
1.70 

when 
compared with the other two in the yield 
group. \Vhitestick I also had higher node num-
ber per branch (58.8) than the remaining cul-

Dry matter distribution (% TDM) 

Planting 
Petiole 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 distribution to tubers 

tivars (32.0-45.1 ). Apart from Whitestick 1, (harvest index) was low (25.0-36.4%) in all 
the relatively small dilfcrenccs between values 
for dc numbers per branch in the different 
cultivars (Table I ) suggested that leaf num-
her could be increased in the cultivars studied 
by increasing branch number, especially as per-
centage leaf fall values were also constant. 

Inlerrelationships 

There were significant correlation coetll-
cients between node number (- 0.04), leaf 
number (r t0.50), leaf area (r 0.69), and 
total dry %%eight over all cultivars. For in-
dividtal cultiv\ars, correlation coelicients be-
tween node number and total dry weight were 
high (r 0.84-0.90)) in all cultivars except 
Whileslick I and II (r - ).59 and 0.69, respec-
tively). The leaf number correlation coelli
cients were also high in all cultivars except in 
Whilestick II and for leaf area, correlation co-
eflicients were signiicant for all cultivars cx
cept Pie Pip. l'otal number of leaves produced 
was imlporltanl for total dry matter production. 
In individtal clt is ars, leaf number is directly. 
proportional to Ieaf area, and dry matter pro-
dctiton is a fction of photosynthesis of the 
leaf surface. Over the six cutllivars, the low dry 
ma:tter Prodhction of the fine leaf varieties (e.g. 
Around the World) despite their high leaf pro-
duct ion ma'lbe pMlained low leaf ali'hc by 
(and hence low total photosynthesis). HoW-
ever, flowering, proftse 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. 

cultivars except Maracas Blackstick (52.5%) 
and there was correspondingly high dry matter 
distribution to stems in these cultivars (44.4
57.6%) aiud low distribution (34.7%) in 
Maracas Blackstick. However, even in this cul
tivar, harvest index was relatively low com

pared with values of tip 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: (I) high dry 
matter production/low harvest index types-
Rcdstick, Whitestick I, and Whitestick il; (2) 
low dry matter production/high harvest index 
type - Maracas illackstick; and (3) low dry 
matter production/low harvest index types-
Around the World, and Pie Pip. 

Ctllivr Yields and Yield Components 
Tber yields (Table 2) were low compared 

it74. howver,four of he si cultivrs stud
ied were comparatively high yielding (29.5
31.9 t/ha) a,,nd remaining two were lowthe 
yielding (14.3 and 16.6 t/ha). The higher
yielding cultivars had lower yield variability 
(.V. 34-391; ) than the low yielding cultivars 
(41 -6o)r , confirming earlier work by Haynes 
and Wholey ()1971). Lowe and Wilson 
( 1975b). and \Wilson ( 1975). which suggested 
that high yield variability was one of the con
tributling lactors Io low yield intropical root 
crops. Thus. if the highest yield per plant re
corded (4183 g) were consistently maintained 
over the experiment the yield productivity of 

http:0.84-0.90
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Table 3. Tuber yield of six cassava cultivars. 

Tuber yield 

t/ha g/plhnt CV(%) 

Redstick 31.2 26(X) 39 
Whitestick I 31.9 26() 34 
Whitestick I 27.9 2327 38 
Maracas Illackstick 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 %cry low compared with data previ
ously recorded 'or other cassava varieties (10-
12 tubers per plant). Mean tuber weights 
(272-591 g/plant) were however greater than 
those recorded by Enyi (1972) (253-297) and 
Williams (1974) (229-381). It appears that 
low tuber iinumber was tlie more important 
contributing component to the low tuber yield 
in the cassava culti vars studied. 

Variabilities in yield components were 
greater for mean tuber weight than for tuber 
number, and nmea n tuber weight was the inore 
important immediate source of"yield variation 
in all cultivars except Maracas Blackstick. 
Variabilities ini each cominponent contrihuted 
significantly and independently to yield vari-
ability and together accouiited for 76-97% of 
the total variation in tuber yield. 

If it is assuliied that tile imajor source of 
yield variation is the competition pressure that 
develops in the crop community in tile course 
of the crop growth cycle, and that yield vari-
ability leads to reduced yield. tlien individual 
mean tuber weight \,atte reflected pressure 
from this source to a greater extent than tuber 
number. It is concluded, therefore, that des-
pile (lie low tuber inmher values recorded for 
the varieties studied, tuber nlmber variability 
did not originate principally from competition 
pressure in the crop co mulity. It is however 
difficult to determine froin resllls of the cur-
rent experiments whether low tuber ilulniher 
was a genetic characteristic of the cultivars or 
was a reflection of tihe cin,ironiieil t in whicll 
the crop was cultivated, e.g. dry conditions 
during early growth. Nevertheless. the impor-
tance of mean tuber weight as a majior source 
of yield variability is ill agrecement with data 
previously published for sweet potato and yam. 

Tuber No. Mean tuber wt. 

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

7.1 25 409 55 
4.8 25 591 45 
7.1 39 34(0 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 major component of yield in 
cassava. 

Inlerrelatiionships between Yield 
Components and Yield 

There were significant negative correlation 
coellicients between tuber number and mean 
tuber weight in the two high vielditig cultivars 
(Redstick. Whitestick II) an i' also in ile low 
yielding cultivar, Pie Pip, at the p 5%; level. 
This level of yield coilInent compensation 
was less than that recorded for sweet potato 
by I.owe and Wilson (1975a) ald th reCgrcs
sions of tuber nunler oin mean tuber weight 
accounted for 25-31% of tlie yield variation. 
Ilowever. tie signilicant negative repression of 
tuber number on mean tuber wve oI'mrilt te four 
high yielding ctlltivarS slggCstcdl lhalt icail 
tuber weight/tuber nulber alios might he 
cultivar characteristics. Since io suclh correla
lion could be demonstrated lor the two low 
yielding cultivars, it is suggested either that lhe 
high yielding cultivarN inight lie epreseltativcs 
of a distinct line witlh yield collpollenlt cll
pe12sation a tle geiletic level, or th:at there was 
not suflicient compelilio piesslie ill ile popo
lalio of the low vielding culli'vais to develop 
stronlg colpensatolry relationships betwecni[he 
components of tuber yicld. Yield compo ent 
compensatiol partially overcame tile ellect, of 
low tuber number (n yield in Whiestick II and 
Pic Pip within tle high and low yield level 
group,, rcspectively. Similar coilpeilsatory re
lationships (lid hot icsilt ii niiing the yield 
level of the high yicldiig cilivais to that re
corded in elite represtclalives of (le species 
(60 t/ha). 

Significant correlatioin coefficien, between 
either vield colpolenlt anid yield suggested 
that cultivars inlightl be classified accliding to 
the contribution of yield components to yield 
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as follows: (1) tuber number/tuber weight 
types in which both components were signili-
cantly correlated with yicld- Around the 
World; (2) tuber weight types in which tuber 
weight was significantly correlated with yield 
- Whitestick I. Whitestick 11,Redstick, and 
Pie Pip; and (3) tuber number type where 
tuber number was significantly correlated with 
yield - Maracas Blackstick. 

Leaf Production 
The significant correlations demonstrated 

between parameters of leaf produiction - node 
number, leaf number, and leaf area - and 
total dry weight were also established between 
these parameters and tuber yield, indicating that 

be used as a means of assessing the yield po
tential of a collection of cultivars grown under 
similar conditions as was previously suggested 
at CIAT (CIAT 1974). 

This work was done as part of a research 
program on root crops supported by an Inter
national Development Research Centre (IDRC) 
grant to the Faculty of Agriculture, University 
of the West Indies, St. Augustine, Trinidad. A 
research grant from the Inter-University Council 
for Higher Fducation Overseas (U.K.) to one ofus (E. II. Holmes) is gratefully acknowledged
and we wish to thank A. Ragoobarsingh, A. 
Whitehall. and R. Sookradge for technical assist
ance as well as Miss G. Mitchell for typing. 

leaf production and leaf abscission were ira- CIAT. Cassava production . ystems. Annual 
portant delerminanls both of total dry matter 
production and tuber yield. Correlation co-
eticients were, however, higher with total dry 
matter than with tuber yield. Similar correla-
lions between leaf number, node number, and 
cassava yield have also been demonstrated by 
others. Variation in node number and leaf 
iumber within the six cUltivars studied ex-
plaincd nmore than 501o of the variability in
tuber yield except in Whitestick I and 1i (40-
48% ). When all cultivars wvere considered to-
gethcr leaf numher and node number ac-
counted for less than 25% of the tuber yield
variability. [hus, although high leaf produc-
lion and leaf retention were important for high 
yield wilhin individual cultivars, it would ap-
pear that high yield was not necessarily corre-
lated wilh high rales of leaf production. The 
yield perfornlance of Maracas Blackstick 
denonitralted that high yields could be 
arch ieyed witIi a low leaf prod iction civir 
provided that high harvest indices are realized. 
Iiare'tst Intdex 

Although there were no significant correla-
lions beht cnc tiher yiel and harvest intlex in 
the four high %ichling ctilti ars, stich correla-
tions s.eic significant hoth for the low-yilding 
cultivars (, 01.05 and 0.1t)andlfor illctil- talpion'a(0 ali,,t ttiliinta)1 'I.Dru opnent
tivars ( p I).0 ). "[he former correlation 
was inleipicted to mcan that plant to plant 
vauria tion in har vest indices inay have been 
partly repo iiblc for tie high yieIl va riaIilily 
in low vieliing cultivars ([able 3). The latter 
correlation indicated that harvest indices might 
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Effect of Soil Compaction on Leaf Number and Area,
 
and Tuber Yield of White Lisbon Yam
 

Theodore U. Ferguson and Frank A. Gumbs'
 
The effect of soil comnpiction in root and tuber zones on the growth and yield of 

White Lisbon yarns (Dioscorea alata 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 nunber 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 essential 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
level of the soil to a greater extent, and had alarger number of growing points (or toes). 

The edible portion of the yarn (Dimrorea 
spp.) is the tnderground tluber. Tubers can he 
very large, and sometimes weigh more than 80 
kg. In commercial produtction, however, tubers 
are usually very mtch smaller and range from 
less than I kg to about 10 kg depending on 
cultivar and growing conditions. White ILisbon 
(D. alata 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. It is the object of this study to 
examine the relative efrect of soil compaction 
in root and tuber zones on growth and yield of 
the White Lisbon yam. 

Methods 
The yans were grown in specially designed 

boxes (Fig. I ) in which the tubers and roots 
of the sane plant developed in diflerent coni-
partments. Each compart ment was 55.9 cm 
high, 22.9 cm wide. and 61.0 cn long. The 
partitions between the root and tuber coim-
partments were about 5 cm lower than the 
outer edge of the box. The boxes were con-
structed from 2.5 cn thick wood. 

There were si\ treatments in a 2 x 3 fac-
torial with four replications. The initial hulk 
densities of the soil in the root and tither coin-
partments for each of the Ircatmlents are given 
in Table I. A plot consisted of a single box in 
which one plant was grown. 

The experiment was conducted at the li-
versity Field Station. Valsayn" Trinidad and the 
Soil. CkISSihiud a,, |-uventic FAitropepts bySmith (1974) was the River Esttc Lom 

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

Bulk densities 

Treatment Tuber Root 
code compartment con1partment 
II 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,, line sand 45,;., silt 23%, 
clay 26%, and organic mater I % oven dry 
weight). The hoxCs were placed in the field 
and then packed with lopsoil to the requtired 
hulk density (I)). The soil was taken from the 
top 30 cm and sieved through a 6.3 niun mesh 
and then allowed to dry to about 10'; smots
ture before packing in the boses. "he soil re
quired no compaction to achieve a )1, of 1.1 
g/crt: this was therelore the lowest posihle 
1),, for this ,oil under esistling conditions. To 
achieve a /),. of m was coni1.3 g/cni : the soil 
pacted in X cm depth inlervals by packing the 
calculated weight of soil to the requitd depth 
with a hroad woodetn haniuter, and for a DI, 
of 1.6 g/cin3 the packing was done for an addi
lional 4 cm of soil. All boxes weie filled to 
aboti 5 cin below the tipper edge (o the box, 
and therefore, to the top of the paititils'sepa
rating the root and tither compattliietlts.

Black plastic (2 imi gatuge) was doubled
and placed on lop of the soil ini the tiher (or 

'Caribbean l)evcopment flank. 1.0. Iox 408. niddle) comoparlnleht with abitl 10 ctn of 
Wildev. St. Michael, Barbados, and Department plastic overhanging on one side of the box as 
of Soil Science, University of the West Indies, illustrated in Vig. I. "Ihe overhang of plastic
St. Augustine, Trinidad, respectively, was necessary to facilitate tie ietioval of tie 
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soil sections were removed, dried at 105 °C, 
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 cnm diameter tuber sampler. 
Five samples were taken from the apices of an 
inmaginary five-pointed star and the sixth from 
the centre of tie star. Each sample was cut into 
12.7 cm lengths and tie six samples from each 
depth bulked. The soil was carefully washed 

tiheroots on it muslin cloth sieve and the 

how roots collected and dried at 70 'C.
Fig. 1.Cult-awy of upper 5rot of soil to 

Ilo.tic: (I) 1o .' .oil: (2) Cl,,- The tubers were harvested on 12 Februarythe ,.citi, n of tih" 
repacrt/unconlpit',d soil of root colpartment:(3) 1974, 28 weeks after planting. Data were 

black lic.tIic ,nnprtmnnt:over t/isr and (4) 
blaclphtic overhang. 

plastic at1 a later stage. The plastic was S cl 
wider than the middle ComIpartment; 4 cimi Oil 
each side was folded over tbe separating parti-
tions to plrevent roots froni entering the tuber 
conmp1artlent. A 5 cm depth of loose soil was 
added to bring tie soil in all three compart
ments to tle level of the outer edge of the 
box. 

Ilcad sellof White I.isboii .ai (I). alat 

L.), each \weighing 100 g. were planted in the 
centle ot tile tuer colipartmelnts oil 27 Jtly 
I1973. [he sclls were buried to aI depth of 
about 2 cm illthe cettre of the middle corn-
parltincltl. "lie soil in all three cominpartmients 
was lightly iiiilchcd with dry grass after plant-
ing. Mtilchiig \\as consideed neces airy to pre-
set clstling iottihe Soil Surfface. (comiipound 
fetiliier having a N: P:K ratio of 13:13:20 
was applied itthe ratel oh 24 g per compart-
enitin a Split dose. I tie plants were Staked. 
'Ilie ntiitiber ol leaves per plant (i.e. per 

plot I \waS icorded 3..1, 8. and 25 wecks alter 
platling. ILeal alea \was,estiiiatled at 25 weeks 
after plamiling. The bulk density was measured 
area, 15 lea\es ,\cselected randomly from 

each plam at 25 \\ecks and the mcirall length 
(1ll \wts ilieasurcd. The area of these leaves 
was then calculated using the formula: leaf 
area 76.3 i 10.011. The ai ca of the whole 
plant was then determined. by multiplying the 
area per leaf by the total number of leaves per 
plant. 

Bulk dentil\i ot the top 38 cmi of Soil and 
average loot densitv were tdctermined 27 \ceks 
after planiting. 'lie bulk density was measured 
by estracting a colun ol soil 38 cii long in a 
5 cm diameter olen slot tubhe sampler. 'Ihe 

corded ol tuber number, tuber weight. length 
and width of tubers, maximum depth of tubers, 
and the number of growing points (i.e. the 
number of fingers or toes). Bulk densities of 
the soil at the base of the tubers were measured 
on core samples 5 cm in diameter and 7.5 cm 
long, sampled by the procedure described by 
Blake (1965). 

Results 

All the nain roots were conifined to the root 
compartments indicating that the system cf
fectively separated tileroots from tiletuber 
compartments. Tubers had a large number of 
line roots (tuber roots) on their surface. These 
were thicker and present in greater quantities 
at the head than at the tail of the tubers. 

Slightly higher bulk densities were recorded 
in tile comipacted tuber conmpartments I week 
before hlar\esting, but differcinces were not 
signiicant. 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 tile soil. This trend was 
p:trticularly marked at compaction level I (1.1 
g cm:'). II ttie root cOliipartument the mean 
bulk density of tiletop 38 cm of soil at corn

paclion level 3 (1)i, 1.38 gicni:1) was sig
iiificaiitly higher than compaction levels I and 
2 but ver\ much iower than the initial bulk 
density o 1..6g cm:. II both the root and 
tuber compartients the I),of tile at levelsoil 
I iicreaCd ilp to I week before harvesting. 

Yield per plait decreasCd significantly with 
increase ininitial bulk density of both tileroot 
and ttber compartneits ( Fig. 2). Differences 
iii yield are shown illTable 2. "lhe interaction 
between conipaction levels in the root and 
tuber compartments was significant. Yield was 
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Initial bulk density of root compartment 
Fig. 2. Eflect of initial bulk density in root and

tuber compartments on yield. - initial D, oftuber compartmnt _= 1.1; - - - - initial Doftuber conpartment = 1.3. 

highest (3.09 kg/plant) in the treatment (11 )where the soil was not compacted in either 
the root or tLuber coinpartnent. anid lowest
(1.60 kg/plant) in the treatment (23) having
the highest compaction level. ('ompaclion to 
level 2 in the tuber compartmcnt. with the root
compartinents at level I, reduced yield hy 27r;
whereas compaclion to level 2 in ile root 
compartments with the tuher comparthcnt at
level 1, reduced yield by 32,; . 

There were no significant differences in
tuber numbers per anongplant treatnients.
The decrease iii yield with increase in soil com-
paction in tile root and ttber conpartnuenis 
was therefore due mainly to a decrease in tuber 

size. There were no significant differences inthe number of growing points of tubers as a 
result of varying levels of compaction in the 
root and tuber compartnents, but tubers from 
the higher compaction level 2 of the tuber 
compartment tended to have a higher numberof growing points ( 12 .7/plant) than those from 
low compaction level I ( 8 .7/plant). 

Soil compaction in tile tuber coinpart menthad no signilicnt eflect on tuber length or 
tuber width. There is some indication, however, that coi paction resulted in slightly
shorter and broader tubers, iid these there

had a lower length to width ratio that) 
tubers grown in the soilpacted. Tubers that was not comgrown in soil Ihtl was notcompacted penetrated the soil to a greater
depth than those grown in compacted soil.
Tubers in the more compactled soil tended 
grow upwards above the level of tihe bo\ lore 

to 

than tubers in the treatments in which fhe soil 
was not com1pacled. MoNtitding ;t tile hase of
the plants, especially in compacted tuber con
partments was very 
 evidlnt at havcsting.

Tuhers 
 in file compacted tuier comparthments
(level 2) had a mean height of 18 em above 
tihe t op of tie ho\ compa red to I I cin for those 
with the lower compaction level I. 

Soil coln paclion ill ile luber coinpartmient
had no effect oin leaf iinher per plant at 3.
4, and 8 weeks after planting (Table 3). ilow
ever, compacting the soil ii tile root compart
meil signiicantly reduced tile number of leaves 
per plant at 3, 4, and 8 weeks. [et nmiiber at
25 weeks was signilicanily reduced by con
paction in bolh tile root and tiber coripar-t
ments. lst imaled leaf at 25area weeks was 

Table 2. The ctfect of soil compaction level, in root arid tuber coimparlticuis oiltuber yild (kg /plant). percentage reduti on given ii parcnthe,,c,,. 

Tuber compartment tTC) I 

2 

Mean 

Mean tuber coniparlmcnt, (rc)
Mean root c()inpartnicnts (WC)

TC X RC 
C.V. 

Root coparnii (W(j 

1 
3.0Y) 
(0) 

2.26 
(27)
2.67 
(o) 

2 
2.11 
(32) 
2.17 
(30
2.1. 
(20) 

3 
2.21 
(2'9) 
1.60 
(48)
I.) 
(29) 

Mean 
2.47 
(0) 

2.01 
(19) 

-
-

S.I.. 
0.15 
0.12 
0.21 

11.9% 

p
0.018 
0.(X)7 
0.123 
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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. 

Compartment 
Compaction 

level 3 wks 

Root I 7.5 
2 4.4 
3 5.2 

S.". ± 1.1 

Tuber I 5.1 
2 6.3 

SI-  0.9 

.list)reduced by conipactiot in both root and 
|tiber coinlpartmnents, blt differences were not 

as signilicant. 
A very highly significant corrcl ation coelli-

cient of -10.796 (p O.001 ) was observed 
belween Icaf* nullber at 25 weeks and yield 
(y O.183 1 0)t I).l29 

No sig iicMi dill'eIloices in average root 
tei sities in file foot co illaIiiellits were ileas-
ured anling Ireatments. 

DiscussionI 


Soil colipaIctioo ill both tileoot aid 1tber 

conllpitlliells decre;sed tuber yield. Signifi-
can[tosit ve coli itill,, sv crc olbser\ved Ibe-

tween leaft ,iliber at 25 weeks and yield and 
leaf arca at 25 weeks and yield. Lower yields 
:11the higher coimpactio le els thelctllC scell 
itobe lelated itoa ieductiotn illthe total photo-
synthetic stiltace a lli thstbe lotal a lllitt of 
carbohydrate aaliable to the tdeelopiiig 
tubers. 

The ablselice of ;iii\N effect of soil coipactioi 
in tihe tu1bel ilpal Itlits oii lei ituber be-
tween 1 and 8 w5ceks isnt % lsrlising because 
during that tlle he tIbei. (re.ly oil pri-

oftito% crpre~i,,t athis .oI h ste th I %% not 

illcoll;it w lihthe soil ot dittll 1'compaction 
level,. lhe bll.ick plistic. \hi,:h %ias i cuboe\d 
it 1)weeks,. s"alted the ilibers froii tihe 
tllndtllyill ciIimpalctd oi LOmiiip.lcted soil. 
The laige etlect of %:4ilactitii ii tihe tib'e, 
coniiliAttiont oil ,i iitimbe .i1d leal ,Ile. ait 
25 weeks indicates that the groki ig t,1iel m.1\ 
coinllilbtite sulbsIllit hll.,to the litoliloti' of 

growlht ot the plait. [he tuer is likels' to be 
absorbing nutrient, and moisture through tlie 

Leaf 11muber Leaf area at 
i25 wks 3) 

4 wks 8 wks 25 wks (cm2 X 10

16.7 90.2 207.5 11.31
 
I1.1 67.5 185.7 10.32
 
12.9 73.5 171.2 8.85 

1.8 7.7 S 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 

nmllerOLis( roots that occur oi,the tubers, and 
which are ilore prevalent during the early 

period of tuber bulking. The tltber surface it
self may aliso be absorbing nuLtrients ald niois
[tire. It has been observed that fibrous root 
(mostly iontuber) developmeint reached a peak 
at 4 ionths alter planting and declined there
after, suggesting a red need potential for tile 
absorption of 0itrieints afIter 4 months (James 
1953). The evidence here suggests that the 
tuber throuigh its surface and. or the many fine 
roots oillhe suirface iay help to offset the re
duiced potential for absorption of nit rients and 

moisture restilting from the decline in the 

fibrots ,oot systen. "Thetuber itself, therefore. 
niay be playing a llajor role inllps'iding essei

tial ,litrients and lltiStl for plait growth. 
The findiiig that the tuber iiay play an fil

porant role in tie lutrition of the yani plant 
is considered signilicant. It miav help to explain 
tihe draimatic effect the application of organic 
fertilier has on increasing the vield of yams 
(F[erguson and Haynes 1970). Organic ferti
limers wheii incorporaled into the hillor ridge 
wvouild provide not only a soil medium offering 
relatisely hosv resistance to tle deselopiiient of 
tiLbers buti also ntitriemlt, in tileimmediate vi

llarv iioal;I 1cscWS ( :l!rtaon 1973) ;lieeinily of tubers. The eftect of placement of 
erlih/er ii the vicinity of the developing ller 

oi gro\th iid yield of \aum is worth ilisesti
gating. 

Itilbers froii the less compacted treatments 
piesoimabll\ filet iesistane and penewith less 
traled tilesoilito a greater depth. They there
foie had the o0110,tollt i of e\1loiling a greater 
\olmie ot soil forl nitients aid miioistLre. 
i lch may bave ,estLlted iii better growth and 
thus higher leaf numbers. Tubers developing 
in tilemore compacted soil may also be smaller 

'I 
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sinks for carbohydrates because the soil oliered 
greater icsistance to their growth and thus led 
to a build Lip of assimilates in the translocatory 
system and eventually at tie sites of' photo-
synthesis. It has been shown ithat photosyn-
thesis can be inhibited hy an excess ol' assimi- 
lation products (I-itimphries 1967: Neals and 
Incoll 1968). Reduced photosynthesis results 
in a smaller amlount of assimilates being avail-
able for plant growth anid thus results illsmaller 
plants. 

The results also suggest that the normal geo-

would exert physical pressure to tilesurround
ing soil mass, restlting in increased bulk densi
ties. The bulk densities of the soil attilebase
 
of tle tubers were higher than cither of tile 
two initial bulk densities ildic.lting th:t the 
luber itself' was compacting the soil during its 
growth. The ability of tile undersoil to (Ieforn 
stress may therefore be ani imporit a fact or 
afrecting tileyield of yams. 

The writers wish to acknowledge with thanks 
tile les
valuable help giveti 11 Nfr Cliflon ('hat and 

tropic growth of tubers was restricted by tileMr Clyde Pilgrim ili expetithe condtct of Ihis 

soil inthe compacled
resistance oflered by tile 

tuber Compart ments. Although thley, were 
smaller, tubers from compacted comparlments 
grew higher above the top of the box than 
tubers from conmpartments that were not coin-
pacted. The slightly lower length to width ratio 
also suggests that tubers have the tendency to 
expand laterally incolpacted soil. Tubers from 
the more conlpacted tuber cotllparlitllell also 
had a slightly greater nttimber of growitig 
points or "toes." It is well knownthat soilre-
sistance canibe reduced by the incorporatiti of 
organtic niatter and mlatiy farmers illthe ('arib-
bean claimi that tubers of White Lishon yatiis 
develop fewer -toes" when produtced illsoils 
to which organic inlter is added. 

Compaction illthe root conpartnentl re-
dllces tuber yield seemingly through a red ic-
lion of leaf Iiuti'bers and leaf areas fron as 

early as 3 week,, itntilehighest level of co 
paction. Reductions of leaf' growth atid ftber 
yield illtrcalnicnl, with conipacted root co 
parlments were likely to be itleitothe failure 
of roots to peIetrale aind esploit the soil vol-
ume for nutrienis atnd moisturc. Reduced 
aeration. less availahle water capacily. and 
slower soil water condutlivity Iiay al so be iln-

portait t Iiniiig [actors. 
It is Itot su rising that bulk densities ittthte 

tuber coinmpartmnti ;itharvest were higher Ithan 
bulk densities illthe root coltpartmleltt bec;tlse 
tubers, in espaiiding during developmenttt 

ment. The assistance of allother individuals w ho 
helped illt ield ald iafte horralolY is also acknowl
edged. Inaddilion, we would like to thank N1r
Graham "'Taylor of the Bionetrics I.trifor assisl
ing wilh the anialysis of the data :ld MNt Vernese 
(Clarkefor typing.
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The Mukibat System of Cassava Production 

T. S.Dharlnaputra and G.H. de Bruijn' 
The Niukibat systemn may outyield normal cassava production systems. Individual 

varieties react differently to the system. therefore it may be possible to select for high 
yielding varieties that have good cating quality, but which only produce moderately under 
the normal system. 

The highest accumulation of dry matter in the root of the Mukibllat cassava occurred 
between 12 andi 15 months in three (it was not necessary to makeaIll varieties tested 
planting holes for tileNitikibat system). Nitrogen was the g plant nutrientlinlitii, at
 
one location. 

Scion material taken from the Niukibat plants was found to be as good as that taken 
from the original Al. .la:iovii tree. T'wo diflerent types of scion were tested: the so called 
"black" typc was superior to the "white" type at one location, but not at the other. 

The Mukibat system is based on the grafting 
of Alanih gla:iotii on a stock of AM.e.cuhenta. 
With this systen. higher yields are obtained, 
and, especially in Fast Java, the practice is 
steadily expanding, mostly for homueyard pro-

Planting 
For the Ntikibat system in the first year's cx

perinueuts (1973/1974) phating holes (I X
 
I x 0.3 in) were made in most cases. In each 
hole. 20 kg of partly decomposed organic mat

duction. Research is necessary to get more i"- ter fron market waste was mixed wi, soil. In 
possibilities of improving 

the NItikibat systei. which has already been 
adopted lIN' so nIany farmers. Some preliminary 
restilts fron tile second year's 

formation abotit tire 

first and tile cx-
pcrimcnts at Brass ijaya University are pre-
sented here. 

E~xp~eritents 


Preparaioni of Planting Mtaerial 

Nlukibat grafts were prepared by the splice 
grafting system. A 15-cm piece of stem of Al. 

as a svion, was grafted onltoglzh'hlvi scrl'\ilhg
a2.-ca1 ,tock of as.aescionta. The diameters 
of bot-sc on stock er he iametwef.] e r 
of both scion andltstock were between 20 anld 

30 mil. A thin Iece of hiibi % p i 

pith of both scion and stock to strengthen the 
union of tilegraft. fibires asRalia weie used 
binding material. but later it was found that i 
nmore elastic bindi~ng nmaterial or natura.l fibressnch as stalk lilres ere better.banana il:a rao 
The grafs were plkced psire own for 5 davs, 

afts wer undowneranthen placduse a.e 

tihe second year's experiments (1974/1976) 
planting holes and organic matter were not 
tised. 

The stakes were planted in a vertical posi
tion. For the Nltikibat system, except in the 
plant density experiment, the spacing was 2 X 

2 in 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 I X I m. Plant
ing was at the beginning of the rainy seasons. 

Grovi'lh Period 
For the ikibat systm in 1973/1974, cx

cept for the growth period experiment, harvest
ing occurred after 12 months: in 1974/1976
tegot eidwl 5nots o h
 

the groth period was I5 months. For the 
n11 lnaiMsyste.,, it 10 month growth period was 
uised.
 

l'ffecI of the Mukibal Svstem on Yield 
E-xperiments were carried out to compare 

the yield of local and improved varieties with 
the nornial aid tileMukibat systen. Three loca

graift,, that sproted w\ell were tised in the cx-
liclinient,,,F~or tile nIllial s'sel Pf!lanting, 

30-cnt 
tiset. 

cuttings (20-3t 
hfl 

nll dianmter) were 

...... 
I D)elaltment of Soil Science. Facitlts' of A\rm 

.tiltite, 10itr a t njveis6t . Nlalang. lndonesia, 
and l)epartnient of Ii opic;l ('mop Science. Agri-
cultural Uiuivesity. Wageningen, Tie Nether-
la1nd lespectively. 

anrser h tileeTewereions chosen for the 1973,'1974 varietyad, thn jioit in d usnder eprmnsadfu oain o h 94 
c~llernliets ;lilt four locations for tile 1974/ 

I (6cperinents. For 1974/ 1976 variety ex
perimients data are available from only three 
locations. NItkibat .,d normal cassava ex
perinents were carried out separately. In 
1 476, an additional experiment was car

d ut 
I'ut at NIttneng to compare yields obtained 

after different growth periods, both for the 
Mukibalt and the normal system. Yields after 
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Table I. Root yield (dry matter, t/ha, total and per month) of different varieties of the nornmal cassava(growth period 10 months) and of tileMukihat cassava (growth period 12 months) 
at three locations in the 1973/1974 experiments. 

Total yield Yield per nionth 
Location Variety Normal Niukibat Normal M ukibat 

i'agak Faroka 
Muneng 257 
Ketan 
Somo 
Nggtnin, 
Mentega 
Ambon 
Ndoro 
Av;erage 

11.1 
10.0 
9.9 
9.0 
8.5 
8.2 
7.9 
7.9 
9.1 

10.5 
8.0 
9.0 
9.5 
9.4 
8.6 
7.5 
6.7 
8.7 

1.11 
I.(0) 
9.99 
0.90 
0.85 
0.82 
0.79 
0.79 
0.91 

0.88 
0.67 
0.75 
0.79 
0.78 
0.72 
0.63 
0.56 
0.72 

C.V. (%) 38 38 

Muneng Muara 
259-)-Gin-42 

6.2 
5.4 

5.4 
5.4 

0.62 
0.54 

0.45 
0.45 

Pandesi 
Faroka 
Gading 
Ambon 

5.2 
5.0 
4.9 
4.4 

7.0 
7.0 
5.9 
6.4 

0.52 
0.50 
0.49 
0.44 

0.58 
0.58 
0.49 
0.53 

Ngganing 
260-."Am-7 
Average 
C.V.(%) 

4.2 
3.9 
4.9 

38 

6.9 
4.3 
6.0 

37 

0.42 
0.39 
0.19 

0.58 
0.36 
(.50 

Lumajang Faroka 
Muara 
257/l/V. 
Valenca 
Ndoro 
Ngganing 

12.3 
9.9 
9.1 
8.7 
8.6 
8.5 

13.6 
7.9 

11.8 
10.6 
13.2 
11.5 

1.23 
0.99 
0.91 
0.87 
0.86 
0I.85 

1.13 
0.66 
0.98 
0.88 
1.10 
0.96 

Mentega
Gcenjah Putih 
Average 

7.6 
6.6 
8.9 

9.4 
9.4 

10.9 

0.76 
0.66 
0.89 

0.78 
1.78 
0.91 

C.V.(%) 36 36 

growth periods of 10 and 12 months are avail-
able. The 1973/1974 data are shown in Table 
1; the 1974/1976 data it, Table 2. 

The Mukibat system did not reduce the 
overall yield variation among the tested varic-
ties. The coellicints of variation for both 
Mukibat anod normal cassava at all locations 
were similar. However, the effect of the 
Mukibat system on the yield of individual 
varieties was not the samnc. Ifigh yielding varie-
ties may not nccessarily be high yielding when 
planted as Nukihat. The reverse is also true. 
Some varieties, like Ndoro and Mentega, re-
sponded hetter ito tileNiukibat systel than 
other varieties. These are low yiclding variclics 
that are preferred because of their good caling
quality. 

Yield per month was calculated for both 

normal and Mukihat cassava to provide an in
direct comparison of the productivity of blth 
systems. There is :a indication that in tile 
197,1/ )76 season fl(te yield per month of the 
Mukihat cassava is much higher than that of 
the normal cassava. In tile1973/1974 ,,ason 
the ILuki at systcn did not pro(loce moire, 
andll I'agak even less, Ihan the ioinial system. 
Ihis unexpected rcsull may I)c(ile to I ow)rea
sons. First, the spacing, 2 / 2 il, in tie 
Mukil system was too wide to allow optimal
prutduction. Second, preparation of planting 
material and planting of grafts was delayed hy
:lnost 2 month,,, which, according to farmers' 
experience, can reduce the yield of Mukibat 
plants cunsiderahly. 

°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 eriod 15 months)
 

at three locations in the 1974/1976 experiments.
 

Total yield Yield per month 
Location Variety Normal Mukibat Normal Mukibat 

Tulungagung 	 Faroka 2 4.3 9.2 0.43 0.61 
Mentega 4.1 6,0 0.41 0.40 
Manggler 3.3 7.8 0.33 0.52 
Pandesi 3.3 8.3 0.33 0.55 
Caparoka 3.2 3.9 0.32 0.26 
Ndoro 1.7 7.6 0.17 0.51 
Average 3.32 7.13 0.33 0.48 

C.V.(%) 28 27 

Pagak 	 Pandesi 6.3 13.6 0.63 0.91 
Faroka 2 5.8 13.7 0.58 0.91 
Ndoro 5.4 12.6 0.54 0.84 
Faroka 1 5.1 11.1 0.51 0.74 
Raung 4.6 9.1 0.46 0.61 
Markati 3.4 10.8 0.34 0.72 
Average 5.1 11.82 0.51 0.79 

C. V.(%) 20 15 

Lumajang 	 Faroka 2 6.1 15.0 0.61 1.00 
Muara 5.8 15.8 0.58 1.05 
Valenca 5.1 12.7 0.51 0.85
Ndoro 4.7 17.6 0.47 1.17 
Mentega 4.6 16.6 0.46 1.11 
257/1B/Va 4.4 18.2 0.44 t 1.1 
Average 5.12 15.98 0.51 1.06 

C.. (%) 14 

Mukibat system gives a higher root yield than 
the normal system, and these results corre-
spond to farmers' 	 experience of many ye,. 
The results of the experiments in which yields 
are compared after different growth eriods 
support the indication that the yield P "tcntial 
of the Mukibat system is better than that of the 
normal cassava. The yields of three varieties 
(Faroka, Pandesi, and Ndoro) grown at 
Muneng, at two growth periods (10 and 12 
months), were consistently higher with the 
Mukibat system. Experimentation is con-
tinuing. 

Inluence of the lanting Holes onYield 

Two experiments were carried out at two 
locations in 1973/ 1974 to evaluate the effect 
of planting holes for tie Mukibat system. Un-
der the Mukihat system, farmers often dig 
planting holes into which they put organic 
matter from the garden or kitchen. After filling 
the holes with soil mixed with the organic 
matter, the grafted cuttings arc planted on top. 

12 

The treatments in the experiments were: (1) 
hoeing instead of hole; (2) hole I X I X 0.3 
mn; and (3) hole 1 x 1 X 0.5 m. They were 
.:rrane,2d in subplots in a split-plot experiment, 
the main treatments being the varieties. Corn
post (50 t/ha) was mixed with the soil in 
the holes or while hoeing. 

There was no beneficial effect of the holes 
on the yield, and the holes even significantly 
decreased the yield at Pagak. This suggests that 
making holes as one of the land preparations 
as done by somi. farmers may not be neces
sary. The practice of digging holes has been 
abandoned by farmers in regions where drain
age of the land 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 Mukibat 
cassava is one of the important factors deter



97 
DHARMAPUTRA AND DE BRUIJN: THE MUKIBAT SYSTEM 

30 

25-."" 


~20 
E 

'ai

15 

," .- '--

.,10 
•" 

.......... 

L"
 

A Locajon: 

... " Muneng - Faroka5 ".... Pandesi 


Lumajango----.-, Faroka 
S Mentega 

12 1'5 18 21 24 

Growth period (months) 

Fig. I. Relationship between the length ofgroith period and yield of Mukibat cassava forthree varieties at ltunengand Lumajang. 

mining the optimum time for harvest. One
experiment was carried out at each of two 
locations, Muneng and Lumajang, with two
varieties per location. Planting was done at thebeginning of the rainy season, December 1973,
whereas at Lumajang replanting had to bedone 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 belowthe union of the graft of the remaining plants.
This replanting technique is common among
the local farmers. Harvesting took place 9, 12,
15, 18, 21, and 24 months after planting orreplanting. Results of dry matter root yield
are presented in Fig. I. 

The highest accumulation of dry matter inthe roots was obtained between 12 and 15
months with an average of 2.9 and 1.3 t/ha
for the tested varieties at Muneng and Luma-
jang, respectively. A decrease in yield was oh-tained after 21 months (Muneng) and 18 
months (Lumajang). This period coincidedwith the beginning of the rainy season, which
started in early September in 1975. A lot of 
roots were rotten and consequently resulted inloss of yield. Harvest 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 extendto 18 months. Harvesting after shortera 
growth period bewould necessary if rootquality began to decrease :arlier. Data on the
development of root quality during the growth 
period are not yet available. 

Yield of Mukibat Cassava Using Different 
Kinds of Scion 

Original Versus Nonoriginal 
M. glaziovii Material 
Some faraers assume that the scion materialshould be taken from original M. glaziovii 

plants and not from the Mukibat plants (nonoriginal). Experiments were carried out to com
pare the yield of Mukibat plants with scion derived from the original M. glazio,,ii tree with 

plants having scion derived from Mukibatplants at two locations in the 1973/1974 sea
son. 

At both locations there nowas significantdifference 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 will be good that taken from theas as 

original M. glaziovii tree.
 

"Black" Versus "White" Scion Material 

Under the Mukibat system, farmers use 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 alight coloured stem bark and the shape of the
plant and its leaves is different from the "black"
 
type, which has a dark green coloured stem
 
bark.
 

At two locations, the yield of Mukibat plants

derived from "black" scion material was com
pared 
 to that of plants from "white" scions.
The design was a split plot. Varieties were ar
ranged in the main plots and the scion types
were put in the subplots. At Pagak the rootyield of the "black" type was superior to thatof the "white" one, which corresponds to the 
experience of a majority of farmers. But atl.umajang no difference was found between the 
two types. Further research is still needed on
this subject, and a botanical identification will
be carried out to determine whether both types 
are M. glaziovii. 
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Effects of N, P, and K on Yield 
The use of fertilizers for cassava production 

in Indonesia is still very limited. Some farmers 
or twiceapply a small amount of urea, once 

(De Bruijn andduring the growth period 
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 
of the locations, Tulungagung,data from one 

arc available. The chemical properties of the 
6.1, 	 organic-C = soil are as follows: pH = 


0.55%, total-N = 0.04%, 0.03 N NH 4F and 


0.01 N HCI extractable P = 120 ppm, and N 

NH 4-acetate extractable K = 66 ppm. 
A sphit 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 
applied in equalas potassium sulfate were 

and 	4 months aftersplit application 15 days 
planting, respectively,

Theon g si nthe effect was N treat-The 	only significant 
On average the application of urea

ment. 

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 
oteld. Nfunds
yield. 

Discussion 
The fact that an increasing number of farm-

ncrasin 
ers arc adopting the Mukibat system is a strong 

indication that the system is superior to the 
normal cassava production system. The pre-
liminary results of the experiments also indi-
cate that the yield of the Mukibat cassava is 

The actthatan nuber f frm-

of the normal cassava ifhigher than that 
Mukibat cassava is planted at the right time 

with proper plant spacing. 
Because the response of individual varieties 

to the Mukibat system varies 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 practical im

plication because labour input for the system 
means that the systemcan be reduced. This 

may be practical for larger fields. Another 

practical 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 
the original M. glaziovii treesrenewal from 

will be effective. Further research is needed onthisNpoint 
this point. 
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Undersowing Cassava with Stylo Grown Under Coconut 

I. M. Nitis and M. Suarna" 

with stylo were carried out in Bali.
Three field experiments on undcrsowing cassava 

at diagonal crossing produced tuber dry matter (D.M.)
Stylo drilled under the cassava 
similar to that of cassava sown without stylo. Other methods of sowing stylo (broadcast, 

significantly (p = 0.05)
windrow, crisscross, and drill midway between the 2 cassava) 

D.M. yield by 32-51%. Windrow sowing the stylo under the
decreased the tuber 

with stylo so that the spacing increased from 40 X 40 cm 
cassava by replacing cassava 

F.K.H.P., Udayana University, Denpasar,
'Department of Nutrition and Pasture Agronomy, 

Bali, Indonesia. 
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(without stylo) to 40 X 80 cm (with stylo) and from 60 X 60 cm (without stylo) 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 fertilizers 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 
areas in Bali, root crops (cassava, sweet po-
tato), cereal (corn, sorghum), or beans (green 
bean, dolichos) are grown as cash crop while 
livestock is integrated into the farming system 
for draft animals, meat production, and export 
earnings. 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 area (Nitis 1967). The 
tropical legume Stylosanthes, which is known 
for its drought resistance, -ind 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. 

This 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 I ha 
coconut bearing land in Kuta, 2 km from the 
sea at 10 m elevation. The average annual rain-
fall is 1832 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 10 X 10 m spacing. For many years 
the area has been cropped with cassava, green 
beans, peanuts, corn, and sweet potato. Re-
cently, some parts have been used to evaluate 
various tropical legumes introduced to Bali. 

The soil is a loamy fine sand (10 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 al. 1974) and the water table is 
at 1.5-4.0 m. 

The area 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 I m. Plot size in experiments I 
and 3 was 2 x 2 m, in experiment 2, 3 x 3 m. 

Cassava Slick and Stylo Seed 
The sticks were cut from 10 month old cas

sava (Manihot esculenta var. valenca) ob
tained locally. Each 25 cm stick was planted 
perpendicular to the ground at 10 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 I,
the seeds were sown midway betwc.n the cas
sava in a windrow direction at I 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 harvested at 10 cm height. 
Plots with cassava without slylo were kept 
weed-free. The outermost plants were 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 *C to a constant weight for dry 
matter (D.M.) determination. 

Experiment I was carried out to compare dif
ferent methods of sowing stylo in relation to 
cassava. The treatments consisted of cassava 
alone and cassava + stylo using live methods 
of sowing stylo under cassava (broadcast, 
windrow, crisscross, drill midway between the 
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Table 1. Effect of method of sowing stylo under cassava on tuber yield 

Method of 
sowing stylo 

No stylo (control) 
Broadcast 

Windrow 
Crisscross 
Drill midway 
Drill at diagonal crossing 
S.E.M. 

and on cassava + stylo shoot. 

D.M. yield 
of tuber Number of 
(g/m2)a tubers//m2 

41.57a 8.22a 
21.86b 3.75b 
20.29b 3.64b 
28.14b 5.14f 
22.71b 7.14c 
45.29a 7.99c 

3.26 0.34 

D.M. yield of 
cassava + stylo

shootb 
(g/m2) 

224a 
295b
 
250a
 
297b
 
243a
 
307b
 
3.19 

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

bStem + petiole + leaf blade. 

two cassava, and drill at diagonal crossing of 
the four cassava) with seven replications in 
each treatment. Except for the broadcast, 
depth of sowing was I cm. The cassava sticks 
were planted on 13 September 1974, the cas-
sava and stylo were harvested when the cassava 
was 26 weeks old (I March 1975). Stylo re-
growth and volnteer 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 
consisted 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 
combination resulted in a 40 X 40, 40 X 80, 
60 x 60, 60 x 120, 80 X 80, and 80 x 160 
spacing with a density of 5.44, 2.67, 2.78, 1.67, 
1.78, and 0.89 plant/rn 2 , respectively for the 
cassava. The cassava sticks were planted on 
15 September 1974, the cassava and stylo were 
harvested when the cassava was 41 weeks old 
(27 June 1975). l.ight intensity tinder the 
cassava canopy was measured by photocell light 
metre and leaf areas of the cassava were micas-
tired by planimetre. 

Experiment 3 compared the response to 
nitrogen (N), phosportis (P), potassitim (K), 
anti trace elements (T).It consisted of volnteer 
species (no cassava and no stylo): cassava alone 
fertilized with nothing, N, NPK. and NPKT: 
cassava + stylo fertilized with nothing, PK. 
anti PKIT and stvlo alone ( 12 replications each 
treatment). The elements were applied (kg/ 
ha) as follows: N as urea at 165, P as triple 
superphosphate at 150, K as KCI at 85, and 

T as CuSO 4 '5H 2 0 at 8, ZnSO 4'5H 2O at 8, 
MnSO 4 7H.,O at21.8, NaMoO4 '2H.O at 0.24, 
and Na-B 40O'IOH.O at 4.5. Major elements 
were mixed 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 1974; the 
cassava and stylo were harvested when the 
cassava was 41 weeks old (29 June 1975). 

Statistical Analysis 

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

Results 

Methods of Sowing Stylo (Experiment 1)
 

Undersowing cassava with stylo at diagonal 
crossing did not significantly affect tuber D.M. 
yield (Table I). On the other hand, sowing 
stylo by the other methods reduced tuber D.M. 
yield by 32.3-51.2% compared with that of 
the cassava sown without 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 
cassavas sown without stylo. This was due 
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. 

Cassava densitySpacing (plants/m) 

40 X 40 5.44 
40 -

40 X 80 2.67 
60 X 60 2.78 

60 -
60 X 120 1.67 
80 X 80 1.78

80 -
80 X 160 0.89 
S.E.M. 

Combination 

cassava 
stylo 
cassava + stylo 
cassava 

stylo 

cassava + stylo 
cassava 

stylo 
cassava + stylo 

aValues in the same 
(p = 0.05). 

bStem +npetiole + leaf blade. 
by 17.4 to 31.3% compared with that of cas-sava sown without stylo. Of the cassava plantparts, the leaf was affected the most, whereas
the stem and petiole varied according to thetreatments. Method of sowing has no signifi-
cant effect on the number of leaves and heightof the cassava. 

Stylo sown in broadcast produced similarshoot 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 ofindividual 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 thechange in the D.M. of the stem. 

Four months after termination of the ex-periment, the volunteer species invading
plots formerly cultivated with cassava 

the 
sownwithout 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 locationof the cassava row significantly increased
the tuber D.M. byyield 20.1% (Table
2). Reducing the density from 2.78 to 1.67plants/ 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 theabsence of stylo, reducing the cassava density 

D.M. yield
of tuber(g/m)a Number oftubers/mi 

D.M. yield of 
cassava + stylo

shooth(g/m2) 
614a 8.01a 543a 

737b 
566a 

9.27b 
6.87c 

656bg
1006c 
464f 

689b 
583a 

7.96a 
5.64f 

633b 
904c 
395n 

420c 
6.74 

3.9 1g 
0.16 

626b 
705g 
18.16 

column followed by different letters are significantly different 

from 5.44 to 2.78 and to 1.78 plants/m2 didnot significantly affect the tuber yield. In the case of the cassava + stylo combination, reducing the cassava density from 2.67 to 1.67
plants/mi'-' had no significant 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 tubernumber, whereas the tuber size (length and
diameter) did not consistently vary.

Reducing the cassava density from 5.44 to2.67, 2.78 to 1.67, and 1.78 to 0.89 plants/M 2 

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 onthe 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 60and 80 cm did not significantly affect the shootD.M. yield of the tylo. 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 thespacing from 40 x 80 to 60 x 120 cm decreased the D.M. yield of the stylo shoot by10.2%, whereas increasing from 60 x 120 to80 X 160 cn 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. Effect of fertilizer and styl0 on tuber yield and on cassava + stylo shoot.
 

Combination 

volunteer species 
cassava 
stylo 
cassava + stylo J 
cassava 
cassava 
cassava 
cassava + stylo 
cassava + stylo
S.E.M. 

D.M. yield 
of tuber Number of 

Fertilizer (g/ml)a tubers/ml 

- -

none 729ab 7.37ac 
- -

628b 6.57b 
N 821ac 8.00a 
NPK 1014c 9.06a 
NPKT 714ab 6.99bc 
PK 674b 6.92b 
PKT 713ab 7.00b 

2.74 0.72 

D.M. yield of 
cassava + stylo
 

shootb
 
(gIm)
 

90a 
408b
 
675g 
876c 
452b
 
459b 
401b 
989cf 

1002f 
1.26 

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

I'Stem + 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-
lion. The change in tuber D.M. yield was due 
mainly to the tuber number, to a lesser extent 
to tuber diameler, whereas tuber length had no 
significant effect, 

Undersowing cassava with stylo resulted in a 
12.5% reduction in shoot D.M. yield corn-
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 (slem, petiole, and leaf) 
were not consistently affected by these treat-
ments. 

The eassava + stylo combination reduced 
shoot D.M. yield of the stylo by 23.1% com. 
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 without 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 might 
not exert any significant effect, because Steel 
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 the 
cassava density increased the tuber yield and 
that the calculated optimal density for maxi
munt yield was 1.60 plants/n 2 . 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 density fromcassava 1.78 to2.67 plants/m 2 , provided the latter is under-sown with stylo. The stylo might contribute 
some nitrogen (Anonymous 1967), but notenough to maximize yield. The greater tuberD.M. yield of cassava fertilized with nitrogen
than cassava undersown with stylo supportsthis suggestion. 

Cassava undersown with stylo and harvested
at 10 months produced 0.17 ton less tuber D.M. 
than cassava sown without stylo. On the otherhand, the cassava + stylo combination pro-duced about 10 tons/ha/year more shoot D.M.
than cassava thancasavasown withoututstylo.tyloThisTh sroughagero gha e ownwith 

would feed 2 
or 3 head of Bali cattle. The loss
in cassava yield would therefore be compen-
sated for by the additional supply of livestockfeed. Farmers, who otherwise cannot afford tokeep cattle because of a shortage of livestock
feed, would be able to keep one pair of cattlefor their mixed farming practices. 

Experiments are underway in Balinow tostudy the effect of livestock manures, differentspecies of tropical legumes, graded levelsspotassum trocan ofslu s,a dedilfetls opotassium 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 currentresearch input, which according to Nestel

(1974), 
 is still too low in terms of the value ofcassava and its growth potential. 

The authors wish to express their appreciation
to the Governor of Bali province for the CESSGrant for financial support, and the Dean ofFaculty of Veterinary Science and Animal Hus-bandry, Udayana University for facilities. Theassistance of Mr Kurunah. Mr Kreped, MrWiradnya, Miss Indrawati. and Mr Ngenteg fortechnical work and Miss Astri for typing arc
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Effect of Potassium on Tuber Yield and NutrientUptake
 
of Yams
 

G.0. Obigbesan, A.A.Agboola, and A.A.A.Fayemi'
 
The highest tuber yields of D. cayenensis and D. rotundata (var. aro) were producedusing 30 kg KO/ha, whereas D. alata and D. rotundata (var. efuru) gave optimumperformance with 60 kg K.O/ha. Yield differences due to varieties were significant in bothyears of the experiment, but significant responses to K application were obtained only inthe 1975 experiment at the farm site where the exchangeable soil K was 0.151 meq/100 g.K fertilizations raised the percentage of marketable (ware) tubers of all speciesexcept D. rolundata (var. aro). There were also varietal differences in the crude protein(5.2-8.3%) and mineral nutrient content. Nitrogen and potassium constituted the majornutrients removed in large amounts. The average nutrient removal via the tuber rangedbetween 128 and 155 kg N, 16.9 and 19.4 kg P, and 155 and 184 kg Pper hectare. 

Yams. Dioscor'a spp., constitute a major
staple food in the African diet, and are of soci-
occonomic importance in the life of the 
growers. Despite the enormous labour require-
ments in land preparation, staking, and har-
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 i complete fertilizer at the rate of 376 
kg/ha for yam atid all other crops (Anony
mous 1962, 1963). However, it is essential to 
establish the response of yam varieties to 
fertilizers under different soil fertility levels, 
because earlier works (Obi 1959, Baker 1962,
Sohulo 1972) did not give this sufficient atten-
tion. Outr work investigated the performance ofdil'erent yam vatrieties under different soil 
fertility levels, 

Materialsand Methlods 
Four commnonly grown yams: D. rotundata 

(var. efuru); D. rotidata(var. aro); D. ahtra 
(water yanti) ; and D. cavenensis (yellow yam) 
were obtained from the local market and 
planted as early yams on 19 December 1973 
and 12 January 1975. The first experiment 

tDcpartiient of Agronomy. University of 
lbadan, Ibadan, Nigeria. 

(1974) was conducted at the University of 
Ibadan farm on land that had not been con
tinuously cropped for several years. Before 
ploughing and ridging, random soil samples 
were taken (0-15 cm) to establish the level of 
soil 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 0, 30, 60, 90, and 120 kg K.,O/ha 
as muriate of potash with basal dressing of 90 
kg N and 60 kg P.O,/ha in the form of ar'
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. a/atausually shed its leaves and dried up 

e a l t, w he s ave s an ed up 
earliest, whereas D. cayemensis retained its 
leaves longest and matured last. in the 1975 
experiment, there was a premature shedding ofleaves, and all the D. a/la plants dried' out as 

insectearly as July. The leaves showed characteristicdamage symptoms, but leaf samples 
taken for microbiological examination re
vealed the causative agent to be Cercospora.The leaves of D. robundata and D. cavenensis 
were resistant to this fungus. At harvest in 
1975, some of the tubers of D. rotundata (var.
efuru) were rotten, whereas tubers of D. 
caiy(nenisis and D. alata were not affected. 
Tuber Yields 

At harvest, the tubers from each plot were 
weighed and separated into marketable (ware) 
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Fig. 1. Eflect of K fertilization on tuber yi(/d(Irecorded for D. rotundata (var. efuru).of yams (1974). 

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

Considerably lower tuber yields were ob-
tained in the 1975 experiment. These low yieldswere probably due to the poorer nutrient status
of the experimental site and Cercospora attack on D. alata. However, there was a generallysignificant response to K fertilizer with significant interactions among the varieties. As in theprevious year's result (Fig. I), D. cayenensis
significantly outyielded the other species (Fig.2). 

Response to K in 1975 was rather inconsistent (except for D. alata) although there was a definite trend of yield increases due to Kapplication. D. rotundata (var. aro) and D.cayenensis gave highest yields when fertilized 
at 30 kg K.,O/ha, D. alata at 60 kg K._O/ha,and D. rotundata (var. efuru) at 90 kg K..O/ha
(Fig. 2). The differences between the mean 

yields from fertilizer treatments were signifi.
cant. 

An assessment of the percentage of waretubers from the 1975 harvest showed that in
creased K application appreciably improvedthe amount of marketable tubers. This indi
cates that K fertilization not only increasesyield but also the quantity of marketable
produce. 

Removal 
The average nutrient contents for the yam 

are shown in Table 1.The data revealthat among the yam species, D. alata tuberswithout the peel had the highest crude protein
(8.26%, on dry weight basis) and mineralcontent, whereas D. cayenensis had the lowest
protein (5.19%) and lowest mineral content.The two varieties of D. rotundata (aro and 
efuru) also showed distinct differences in nutrient composition. The highest values were 

The nutrient levels obtained in this work arc
comparable to those reported by Ferguson(1969) who found that tubers of D. alata con
tained about 1.3% N (dry weight basis) andproduced the lowest 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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FiA,. 2. Eflect of K fertilization on tuber yields

of yams (1975). 
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Table 1.Average nutrient content (mg/100 g tuber) of yams (dry weight basis).
 

Species Portion analyzed 

D. alata unpeeled tuber 
peeled tuber 

D. rotundata unpeeled tuber 
(var. efuru) peeled tuber 

D. rotundata unpeeled tuber 
(var. aro) peeled tuber 

D. cayenensis unpeeled tuber 
peeled tuber 

N P K Ca Mg 

1.42 0.187 1.79 0.031 0.088 
1.32 0.129 1.55 0.02 
1.28 0.150 1.45 0.032 0.088 
1.22 0.124 1.33 0.02 
1.15 0.148 1.27 0.028 0.092 
1.12 0.130 1.17 0.015 
0.91 0.127 1.19 0.025 0.086 
0.83 0.098 0.93 0.015 

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

Yam species 

D. alata 
D. rotundata (var. efuru)
D. rotundata (var. aro)
D. cayenensis 

Average dry 
matter yield

(kg/ha) N 

9034 128.3 
12133 155.3 
12197 140.3 
15255 138.8 

34.3%, respectively. The level of nutrient re-
moval of the different species is presented in 
Table 2. Two major aspects are reflected in this 
table: ( I ) 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 level of 13 716 kg tubers/ha (dry weight 
basis), D. rotundata (var. efuru) was estimated 
to remove as much as 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% P.,O.), and 333 kg muriate 
of potash (60% KO) per hectare. 

Discussion 
Soil analysis showed that the K nutrient 

status of the 1974 experimental site was higher 
(exch. K - 0.218 mcq/100 g) than that of 1975 
(exch. K -: 0.151 meq/100 g). This was 
probably the cause of the generally low and in-
significant response to K fertilizer in 1974,
whereas significant yield increases were ob-
tained in 1975. Moreover, the 1974 experi-
mental site was an area cleared from hush that 
had lain fallow (Itnerata grass) for some 
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 level 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
changeableKfell below 0.2 meq/lOOgsoil and 
of Forde et al. (1966), in southern Nigeria,
that the minimum requirements of oil-palms 
for exchangeable K was 0.10 meq/100 g soil. 

Premature death of D. alata 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. alata 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 (Martin and Ortiz 
1963), yams provide much needed minerals in 
the diet. Table 2 shows that the tubers of D. 
alata 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. alata 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. alata 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 n ptasnd 192).(Smth ontgmerlow 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 assistanceof P. S. 1. Makam in the 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. MacDonald' 
Three field experiments were conducted in Colombia to investigate the differentialeffects of KCI and K,,SO4 on cassava root yields. At Pance, where soil SO-S contentwas 9.0 ppm, there were no differences in yields between KCI and KSO, plots, but atCarimagua and Tranqucro where soil SO,--S content was 4.0-4.5 ppm, KSO4 produced 

1Cornell University, Ithaca, N.Y.; CIAT, Cali, Colombia;Present address of the senior author is Soil 
and Cornell University, respectively.

Research Institute, Kwadaso, Kumasi, Ghana. Thisstudy was financed by Cornell University, 	 dethe Ford Foundation, and Centro Internacional 
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significantly higher root yields than KCI. A KCI + S 'source' produced yields equal tothose produced by KSO, at equivalent rates of potassium.

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

Cassava has been reported to respond well to 
potassium fertilization by several investigators;
however, yield depressions have also been re-
ported at potassium rates higher than 200 kg
K..O/ha applied in the form of KCI (CIAT
1974, Kumar et al. 1971, Samuels 1970).
Similar yield depressions at high potassium
rates have been reported for yams (Ferguson
and Haynes 1970) and for sweet potato (Dun-
can et al. 1958). The yield depressions have
remained unexplained, but it has been sug-
gested that the chloride ion has some delete-
rious effects on starch accumulation (Oke
1968). 

The principal objectives of this study were:
(I ) 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 weathered 
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 the 
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 elevation of 150-200 in. The mean annual 
rainfall of the area is 1800 mm anti the mean
annual temperature is 26-27 *C.Tranquero is 
located 10 km North of Carimagua. The soil 
at Carimagua has been classified as a clayey, 

kaolinitic isohyperthermic typic haplustox
(Naderman 1973). 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 1. 

The treatments imposed on the three experi
ments were two sources and four rates of potas
sium fertilizer. Potassium chloride (KCI) and 
potassium sulfate (K,,SO 4)were the potassium 
sources used and potassium was applied at 
rates of 0, 60, 120, and 240 kg K.,O/ha at 
Pance and Tranquero and 60, 90, 120, and 240
kg K.,O/ha at Carimagua. A KCI + S'source' 
was included at Tranquero to investigate the 
effects of the sulfur contained in K..S0 4.Elemental sulfur was applied in amounts equiv
alent to the sulfur content of each rate of po
tassium applied as K.,SO 4. 

A basal application of 100 kg N (as urea) 
per hectare was made at all sites. Phosphorus 
was applied at a rate of 75 kg P,,O., at Pance 
and 100 kg P.,Oa/ha at Carimagua and Tran
quero. Lime, which had a Ca/Mg ratio of10/1.0 was applied at a rate of 0.5 t/ha at 
Carimagua and Tranquero. Zinc was applied
at a rate of 5.0 kg/ha as ZnSO.1. Potassium,
nitrogen, and sulfur (at Tranquero) were split
applitd in double bands, half at planting and
half 2 months later at Pance and Carimagua.
The second application was made I month 
after planting at Tranquero to take advantage
of the last rains. Half the phosphorus was ap
plied during the liming operation and the rest 
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 I. Characteristics of the soils tt Pance, Carimagua, and Tranquero (0-15 cm). 

Al+++  
P Ca Mg KO.M. (Brav I) S04=-S (meq/ (meq/ (meq/ (meq/(1:1 H20) (V;) (ppni) (ppin) 100 g) 100 g) 100 g) 100 g) 
Pance 5.6 5.0 2.4 9.0 - 9.7 5.70 0.11Carimagua 4.8 5.0 0.9 4.0 3.7 0.3 0.30 0.13Tranquero 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. 

Pance Carimaguaa 

K 
source 

K 
rate 

(K20 kg/ha) 

Total 
plant 

fresh wt 
(t/ha) 

Root 
yield 
(t/ha) 

Total 
plant 

fresh wt 
(t/ha) 

Root 
yield 
t/ha) 

KCI 0 
60 
90 

120 
240 

42.0 
47.6 
-

54.8 
65.8 

29.0 
31.0 
-

40.0 
44.3 

-
8.5 
9.0 
8.5 
8.5 

-
4.5 
5.0 
4.8 
4.5 

K 2SO4 0 
60 
90 

120 
240 

46.6 
49.6 
-

61.3 
62.5 

31.3 
35.5 
-

42.3 
43.4 

14.5 
15.0 
15.0 
18.0 

9.0 
9.0 
9.5 

11.5 
KCI + S 60 

120 
240 

-

... 
- -

- -

-

-

aThcre was a serious outbreak of cassava bacterial blight 2 months after planting. 

Tranquero 

Total 
plant Root 

fresh wt yield 
(t/ha) (['ha) 

17.2 9.5 
19.4 11.4 
- __ 
24.4 15.7 
23.7 13.9 

- -
23.2 13.8 
- __ 

25.8 15.8 
30.3 19.0 

24.8 16.1 
22.8 15.2 
29.3 184 

rates were main plots and potassium sources 
split plots at Tranquero. There were three repli-
cations at Pance and Tranquero and four
replications at Carimagua. 

Mature stems of the cultivar Llanera were 
obtained from the CIAT farm at Palmira.
These were 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 10 000
plants/ha. The experiments at Pance and
Carimagua were planted on 3 April and 4 May
1974, respectively, at the beginning of the
rainy season. The Tranquero experiment was 
planted on I October 1974, toward the end of 
the rains. Harvesting was carried out 40 weeks
after planting at Pance and Carimagua and 38
weeks after planting at Tranquero. Ten central 
plants constituted the harvest sample at lanceand Carimagua. At Tranquero, 12 central 
plants were harvested, 

Data collected 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 were
also determined. A marketable root weighed
approximately 250 g.Leaf samples were taken 
for N and K analysis. Samples from Tranqtero
were also analyzed for sulfur. The fifth o,'-ned
leaf from the top was the sample leaf Root
samples were taken at Tranqucro, at harvest, 

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 'C for 15 h and ground in a small Wiley
mill to pass a 40 mesh screen. Prior to grind
ing, the leaves were separated into blades and
petioles. Nitrogen was determined by micro-
Kjeldahl, potassium by flame photometry, and
leaf l'lade sulfur by the turbidimetric method
of T.tbatabai and Bremner (1970). Root sulfur 
and chloride contents were determined by the
Analytical Service Laboratory, Department of 
Agronomy, Cornell University. 

Results 
Reowth 

Growth 
Plant growth was vigorous at Pance and 

there were no significant differences in height
between plants in plots receiving potassium as
K.,SO I and those receiving potassium as KCI. 
At both Carimagua tid Tranquero, plants inplots fertilized with p 'assium as K,,SO4 were
significantly taller than those receiving polas
sium from KCI. Plant height increased with 
potassium rates. 

Total plant fresh weight produced per
hectare was greatly increased by potassium
fertilization (Table 2). At both Carimagua and 



110 TROPICAL ROOT CROPS SYMPOSIUM 
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 Leaf blades Petioles Roots of roots (%) roots (g)

source (K.O kg/ha) Pancea Tranquero t, (Tranquero)b (Tranqueroy (Tranquero)c (Tranquero)c 
KCI 0 12.8 25.6 10.2 7.7 0.71 22660 18.7 37.0 41.0 12.8 0.62 317120 18.7 42.2 56.3 15.9 0.64 341240 20.5 42.2 66.6 18.0 0.54 290 
K2SO 4 0 14.0 -  - - -60 15.4 37.1 14.633.3 0.51 300120 17.4 41.0 18.455.0 0.43 310240 25.6 42.2 64.0 20.5 0.47 375 

KCI + S 60 - 37.1 30.7 12.8 0.44 343120  41.0 56.3 17.0 0.54 300240  42.2 56.3 17.0 0.46 328 
aSampled 24 weeks after planting.

bSampled 32 weeks after planting.

CSamplcd 38 weeks after planting.
 

Tra-,quero, plant fresh weight was significantly There was a depression in cassava root yieldshigher in plots receiving potassium as potas- at the highest rate of potassium applied as KCIsium sulfate than that obtained in plots re- at Tranquero, but this did not occur whenceiving potassium as potassium chloride. Plant K2S0 4 or KCI + S were the sources of pofresh weight production increased with in- tassium. Cassava root yields Pance andatcreasing rates of potassium when K2S0 4 was Tranquero were positively correlated with totalthe potassium source but decreased at the high- plant fresh weight produced per hectare.
 
cst rate of potassium when KCI was the po
tassium source 
 at Carimagua and Tranquero Harvest Indexbut not at Fance. The KCI + S 'source' pro- At Carimagua, plants receiving potassium asduced amounts of fresh plant material equal K.S0 4 had higher harvest indices than thoseto those produced by the K 2S0 4 at receiving potassium assource KCI. Harvest index reequivalent potassium rates. mained relatively stable at all rates of potas-Root Yield sium applied as K.S0 4 at Carimagua, but de

creased at high rates of potassium when KCI
Potassium fertilization increased cassava was the potassium source. This difference couldroot yields significantly over those of control be attributed to the fact that CBB was initiallyplots at both Pance and Tranquero (Table 2). more severe in KCI plots because of the lessAt Carimagua there were no control plots and vigorous growth of the plants. Harvest indexrates of potassium higher than 60 kg K.0/ha was not significantly affected by potassiumdid not produce significantly higher root yields sources or rates of application at Pance and
than the 60 kg/ha rate (Table 2). The Tranquero.


KSO4 source produced significantly higher

root yields than the KCI source at both Car- Root Number magua and Tranquero but not at Pance. The Potassium fertilizaion did not have a signifi-KCI + S 'source 'produced yields that were cant effect on the number of storage roots perequal to those obtained from plots receiving plant and there were no differences amongpotassium as K3SO 4. This indicated that the potassium the number of storagesources on
main reason for the superiority of K.,SO, over roots produced per plant.
KCI as a source of potassium for cassava atCarimagua and Tranquero was its sulfur con- Root Size 
tent. 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 Leaf blade Roots of roots (%) Leaf blade Rootssource (K20kg/ha) 12wksa 24 wks (38 wks) (38 wks) 12 wks 24 wks (38 wks) 
KCI 0 0.27 0.34 0.06 0.05 17.7 15.1 12,060 0.30 0.54 0.06 0.07 15.9 15.2 10.0120 0.27 0.30 0.05 0.09 18.9 16.9 12.8240 0.29 0.29 0.06 0.11 16.7 17.2 9.0 
K
2SO 4 60 0.37 0.37 0.06 0.05 12.8 13.7 8.5120 0.37 0.33 0.06 0.06 13.6 15.2 7.2240 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 8.8120 0.29 0.32 0.06 0.07 17.8 16.2 9.0240 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,,O/ha rate did not produce
larger roots than those produced by plants re-
ceiving potassium at the rate of 60 kg K.,O/ha.
Only the K2S04 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 K2SO4 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 
I.if blades or roots in detecting changes in the 
p ,tassium 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 resulted 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 (Itallie 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
suit of potassium fertilization. 

Sulfur 
During the dry season, 8-20 weeks afterplanting 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.'S0 4 and KC] + S 
produced large green leaves. 

The sulfur content of leaf blade samples
taken 12 weeks after planting increased when
K._SO 4 and KCI + S were the sources of po
tassium, but changed little when KCI was the
potassium source (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 K.2SO4 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 N/S ratios 
of leaf blades and roots to decrease with po-
tassium fertilization when K"SO4 and KCI + S 
were the sources of potassium. The N/S ratios 
widened when KCI was the potassium source. 

Chloride 

Root samples taken from Tranquero showed 
a continuous increase in chloride concentra-
tion with increasing rates of potassium applied 
as KCI (Table 4). Root samples from plots re-
ceiving potassium as K.,SO 4 had relatively 
stable chloride 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 lesser extent than those from KCI 
plots. 

Discussion 
The general superiority of potassium sulfate 

over potassium chloride as a source of potas-
sium for cassrva at both Carimagua and Tran-
quero was dije mainly to the sulfur content of 
potassium sulfate. The extractable sulfur con-
tents of the soils at both sites were low. At 
Pance where available sulfur was adequate, 
there were no differences in growth or yields 
between plants in plots receiving 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 plants were reported to show sulfur de-
ficiency symptoms during the dry season 
(Frietas et al. 1972, Lott el al. 1960). These 
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-
Clung et al. (1959) who used soil from the 
Campo Cerado in a pot experiment with Pearl 
Millet as the test crop. They obtained growth 
responses to sulfur fertilization generally on 

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

It does appear that induced or aggravated 
sulfur deficiency caused by an excessive uptake 
of chloride is one possible explanation for the 
yield depressions reported in the literature when 
high rates of potassium, as KCI, are applied to 
casava on soils that are low in sulfur. A toxic 
effect of the chloride ion per se does not appear 
to be the cause of these yield depressions nor 
does it seem to have serious ill effects on 
carbohydrate accumulation. In the present 
study, cassava root yields obtained from plots 
receiving potassium as KCI + S were equal to 
those obtained from plots receiving potassium 
as KSO4 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 the 
two sites. At Pance, besides the higher soil 
fertility status, the climatic coniditions were 
more favourable for plant growth. Rainfall 
distribution was better than at Tranlquero 
where the plants endured a severe dry season 
of 3 months. At an altitude of 1000 metres, 
temperature conditions were more moderate 
than the 26-27 'C mean annu. temperature 
of the Tranquero area. This would enable more 
carbohydrates to be accumulated in roots 
(higher harvest index) at Pance than at Tran
qucro where respiration would be higher. Thus, 
although the same cultivar was used at both 
sites and fertilizer treatments were similar, the 
greater amount of plant material produced at 
Pance coupled with a higher harvest index 
resulted in much higher root yields being pro
duced at Pance than at Tranquero. 

The fifth opened leaf from the top appeared 
to be a reliable sample leaf 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 fertilizer 
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 

Kumar, B.M., Mandal. R.C., and Magoon, M. L.
narrowed con- Inhluence of potash on cassava. Ind. J. Agron.siderably. This could mean that there was an 16,1971, 82-84.increase in the proportion of sulfur bearing Lott, W. L.. McClung,amino acids in cassava Icaf blade and root pro-
A. C., and Metcalf, J. C.

tein since most Stallur deficiency in coffee. International Bankplant sulfur has been reported for Economic Co-operation,to be in the protein form (Stewart and Research InstitutePorter Bull. No. 22, 1960,24 p.McClung, A. C.,1969). Freitas, L. M.There is need for a M. de,more comprehen- and Lott,W. L. Analyses of severalsive investigation Brazilian soils inon the effects of sulfur fertil- relation to plant responses to sulfur. Soil Scienceization on the nutritional quality of cassava Society of America Proc. 23(3), 1959, 221leaf and root protein. 224. 
Naderman, G. C. Yellowing of rice (Oryza sativaCIAT. Cassava production systems. In Annual

Report, L.) as related to root development and mineralCentro Internacional de Agricultura nutrition in soils ofTropical, Cali, Colombia, 1974. tie Eastern Plains ofColombia. Ph.D. thesis, Cornell University,Duncan, A. A. et al. Effects of potassium chloride Ithaca, N.Y., 1973.and potassium sulfate on yield and quality of Oke, 0. L.sweet potato. Proc. Amer. Hort. Soc. 71, 
Cassava as a food in Nigeria. World1958, Rev. Nutr. Diet. 9. 1968, 227-248.391-398. 

Ferguson, T. U., and Haynes, P. H. The response 
Samuels, G. The influence of fertilizer levels andsources on cassava production on a lares clayof yams (Dioscorea spp.) to nitrogen, ohos- in Puerto Rico. Proc. Carib. Food Crop Soc.phorus, potassium and organic fertilizer. Proc. 7, 1970, 33-36.Int. Symp. Trop. Root Crops (Hawaii), 1, 1970, Stewart,93-96. I. A., vid Porter, L. K. Nitrogen-sulfur
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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. Calvo' 
Cassava appears to be a promising food crop for the acid and infertile soils of theLlanos Orientales of Colombia die to its tolerance to soil acidity. Large numbersvarieties have been screened offor acid soil tolerance in plots receiving various amountsof lime. Most varieties responded positively to only minor applications of lime whileshowing a marked negative response to high liming rates. In a lime X minor element trialit was shown that liming significantly reduced the uptake of Zn, Mn, Cu, and B and thathigh 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

mainly at 
of lime on P-uptake, cassava responded to Plow liming rates, whereas at high liming rates the response to P was reduced.Thus, liming may improve the availability of soil P and reduce the fixation of appliedP. At low liming rates cassava responded markedly to applications as high asPO,/ha 200 kgas TSP; the basal application was consistently superior to a split application,
while the method of application did not affect yields significantly.
 

The Eastern 
 Plains (Llanos Orientales) of cultural production because of extremeColombia are presently underutilized for agri-
soil

acidity and infertility. Soils with similar charac
teristics are found in large areas of the'Cassava Soils Program. Centro Internacional Venezuelan Llanos and the Campo Cerrado ofde Agricultura Tropical, Cali, Colombia. Brazil. Presently they are utilized mainly for 



114 TROPICAL ROOT CROPS SYMPOSIUM 

25 i* CM172 16r NPK + Zn 2 _ 

0 NPK 
20, " 12 0 

15 - 8- I 
"Z X20 best var. ca 

>_ > Carimagua-1974
> lO, 4 Chirosa de Acacias 

9 134 varieties c55
 

01 j 

200.5 6Lime application (tha)
Lime application (tha) 

Fig. . Elect of liming on the average yield of 
134 cassava varieties, the 20 best varieties, and 
the highes'tyielding variety CMC 172. 

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

During several 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 several 
rice varieties are extremely susceptible to soil 
acidity. The acid-soil tolerance is very ira-
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 ), have good internal 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 
Cassva Vrieieso Aplictio of ime
CI~savaVaretisAppicaionof imet 

To evaluate the acid-soil tolerance of cas-

Fig.2. Tihe response of cassava to limne nith 
and without the application of 20 kg/ha of Zn. 

sara, a large number of varieties were grown 
in double rows of 6.25 m length across four 
plots having lime treatments of 0, 0.5, 2, and 6 
t/ha. The lime was applied as a mixture of 
calcitic limestone and MgO with a millicquiv
alent Ca:Mg ratio of 10:1. The plots were 
fertilized with 140 kg N, 100 kg Nr,, and 
200 kg K-0O/ha as urea, triple superphosphate 
(TSP), and KCI, respectively. The trial was 
harvested after 9 months due to disease prob
letus of cassava bacterial blight (CBB) and 
superelongation. 

Experiment If: The Interaction of Lime 

0d Minor Elements 
To study the effect of lime on minor element 

availability, the same four lime treatments as
described under experiment I were combined 
with the following minor element treatments in 
subplots: 10 and 20 kg Zn/ha as zinc sulfate, 
10 kg Cu/ha as copper sulfate, 10 kg Mn/ha 
as manganese sulfate, 2 kg B/ha as R-64, 
and 200 g Moiha as ammonium molybdate. A 
constant fertilization consisted of 100 kg N, 
100 kg PA,,, and 200 kg K.,O/ha applied as 
urea, TSP, and KCi + K.2SO4 (I. I), respec
tively. Chirosa was used as the test variety and 
harvested at 10 months. 
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Carimagua-74 6 t lime/ha content but was meant mainly to supply Ca 
and Mg for crop growth. With the application

16' of 6 t lime/ha the pH increased to 5.3 and the 
Al decreased to 0.8 meq/ 100 g, a level at which 

C _most crops do not suffer from Al toxicity. 
: 12 

0 
"O 

6>8 
: 
M 
+ 

t 
> + 
0) 
Cu 4 

c c 
N+ 

" 
0 . 0 + 

_ 
2+ N . 

0 X X X X 
z zz z z z z z 

0 

Fig. 3. The response of cassava to the applica-ion of minor elements at aliming rate of 6tIia. 

Experiment III: The Interaction of Lime 
and Phosphorus 

To study the effect of liming on the response 
of cassava to P-application, five levels of lime 
(0, 0.4, 4, 8, 16 t/ha) were combined with 
three levels of P (0, 50, 100 kg P..O/ha as 
TSP) in the subplots. The plots were fertilizedwith N and K as described in experiment I 
and harvested after 10 months. Chirosa wasused as the test variety, 

Experiment IV: The Effect of Various 
Levels, Methods, and Time of Application 
of Phosphorus 

Using a split-split plot design, four P levels 
of 50, 100, 150, and 200 kg P..Or/ha in the 
main plots were combined with two times of 
application (100% 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 K2O/ha as urea and 
KCI + KA0S4, respectively. Llanera was used 
as the test variety. The trial was harvested after 
10 months. 

Results and Discussion 
Experiment I 

The application of 0.5 t lime/ha did not 
have much effect on pH or exchangeable Al 

Fig. 1 shows the average response to liming 
of 134 varieties, the best 20 varieties, and the 
highest yielding variety, CMC 172. Some
varieties showed a positive response to 2 tlime/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 that liming in
creased the Ca and Mg contents while decreasing the K, Mn, and Zn contents. Zinclevels were in the deficiency range (< 50 ppm) 

at all liming rates, but were low enough to re
suIt in deficiency symptoms (< 20 ppm) only 
at the highest liming rate. Thus the problem 
appeared to be a lime-induced Zn-deficiency. 
Experiment II 

Fig. 2 shows the response of the Chirosa 
variety to liming in the absence and presenceof soil-applied Zn. Although yields are rather 
low due to a CBB attack later in the growing
season, it is clear that this variety respondedpositively 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 response beyond 2 t/ha of lime. This confirms 
the observation that the yield reduction at high
lime levels was due to induced Zn-dr >iency.
Leaf analyses at 2 months of age agai: 's))wed
that Zn, Mn, Cu, and B levels declinLj with 
liming. Zn leves 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 presence 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 clue to 
minor element treatments at the highest lime 
level indicated that the application of each 
minor element except Mo increased yields, but
only the increase due to the high Zn-treatment 
was statistically significant (Fig. 3). 

A recently established trial of the response
of 45 cultivars to liming 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 indicate P application rates in kg P,lha). 

kg/ha soil-applied Zn showed that the average
plant height was positively affected by liming 
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, hut appears 
highly susceptible to deficiency of Zn anti pos-
sibly other minor elements. Still the crop grows 
well with no or little lime applied in comparison with corn and beans (CIAT 1972). 

Experiment III 
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,while at higher 
liming rates there was less response to P; at the 
16 t/ha lime level there was no P response at 
all. Liming probably did improve the avail-
ability of P, but its effect 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 levels as high as 200 kg P.,O:,/ha, 
but the major response occurred in the first 
increment with the application of 50 kg 
P20b/ha. The basal application of all the P at 
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Fig. 5. The response of cassava to five levels 
and two tiues of application of P (average of three 
methods of application). 

the time of seeding was consistently superior to 
the split application at seeding and at 3 months. 
There were no significant differences among 
methods of application, i.e. broadcast, band, 
or circle applied TSP. This is not true, how
ever, for all P-sources. A recent trial, 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 suffering 
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 liming rates appear to reduce the re
sponse of cassava to soil applied-P. However, 
at low liming rates, cassava responded very 
markedly to levels as high as 200 kg P.,O/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. Kang'

Sweet potato cultivars Tib 3,Tib 4, and Tis 2534 were grown in a Shante soil seriesat seven levels of phosphorus concentrations in a soil solution ranging from 0.01 to 1.6 ppm P.Differential response tnd external P requirement were apparent between the cultivars.At 0.01 ppm P, over 70% of the maximum yield was obtained with the three cullivars.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 petioleof the index leaf at 9 weeks after planting appeared to be sufficient for 95% yield for thethree cultivars. 

The phosphorus response of sweet potato (early maturing, relatively low yielding), Tib 4has generally been reported as small or in- (intermediate maturing), Tis 2534 (late masignificant; however, in some instances, large turing, high yielding), and 7 external phosresponses of 50% and above have been ob- phorus concentrations were studied in the exserved. Soil data arc usually not included in periment.these reports, so meaningful generalization is Twenty kilograms of a Shante soil seriesdifficult. (Quartzsipsamment, USDA) was used per pot.Fox ct al. (1974) attempted to determine The soil has the following properties: loamymore generally applicable parameters, basing sand texture; pH 5.8; Org. C 1.2%; CEC 3.04their experiments on soil solution criteria, mcq/100 g; Bray P 3.3 ppm. Phosphorusrather than on rates of fertilizer applied. They (finely ground single superphosphate) was ap.observed that sweet potato yielded 75 and 95% plied at planting at rates of 0, 3, 6, 8, 12, 15,of the maximum yield with 0.003 ppm P and and 28 ppm P. These rates were based0.1 on theppm P in the soil solution concentration, phosphorus absorption isotherm of the soil torespectively. provide equilibrium soil solution concentra-The work presented here uses the soil solu- tions of 0.01, 0.025, 0.05, 0.1, 0.2, 0.4, andtion criteria to determine the phosphorus re- 1.6 P. Eachppm pot also received beforequirement of three sweet potato cultivars in a planting 100 ppm N,pot experiment, 10 ppm S, 150 ppm K,
and 2 ppm Zn as NH 4NO3, (NH 4)..,SO 4, KCI, 
and Na., EDTA. A further 25 ppm N asMaterials and Methods NH 4NO3, 50 ppm K as K,,SO, and 10 ppm

The experiment was conducted as a ran- Mg as MgSO4 were added 10-12 weeks afterdomized complete blockreplications. mhre design with three planting (WAP).sweet potato cultivars Tib 3 Six plants were planted per pot and wateredwith deionized water. At 4 WAP plantst International Institute of Tropical Agricul- were
staked, One plant was harvested from each potture, PMB 5320, Ibadan, Nigeria. Part of MSc at 3, 5, 7, and I I WAP. For each treatment,thesis presented by the senior author, University plants of the three replications were combined,of Reading, Reading, U.K. separated in leaf blades, petioles, and stems, 
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Fig. I. A verage dry inatter weight of various plant parts of the three cultivars at various stages
of growth. 

and dried at 65 *Cfor 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 WAP. Leaf blades, 
petioles, stem, and tubers were separated. Sub-
samples were taken and dried at 65 *C 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, II, 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. 1.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 external phos

phorus concentration and tuber dry weight is 
shown in Fig. 2. Cultivar Tis 2534 gave the 
largest 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 responsesare 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
external phosphorus concentrations of 0.05,
0.1, and 0.15 ppm P, respectively. 

Although some 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 external phosphorus concentration and tuber dry weight of three 

sweet potato cultivars. 

differences in the phosphorus external 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 
level 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 external phos
phorus concentrations. From data presented in 
Fig. 3 it appears that the phosphorus content 
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Fig. 3. Relationship between relative tuber yield and phosphorus concentration in petioles and 
leaf blades of 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 IITA (de Groot et al., un
published data). In general, the phosphorus 
content of the petioles of cultivar Tis 2534 is 
lower than those of the other two cultivars for 
the same external phosphorus concentration 
indicating that the critical 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 
levels. 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% of the maximum yield being 
obtained in the unfertilized, low phosphorus 
soil for the three cultivars. 

The external 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 level found by other workers. A level of 
0.08% P in the petioles and 0.22% P in the 
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in petioles and blades of index leaves. 

blades of index leaves at 9 WAP indicates that edge the assistance of Dr R. L. Fox for providing 
phosphorus is not limiting, though a slightly the P-sorption isotherm data of the soil. 
lower value may be sufficient. The petiole is 
suggested as a better index than the leaf blade Fox, R. L., Nishimoto, R. K., Thompson, J. R., 

for monitoring phosphorus status by tissue and de La Pena, R. S. Comparative external 
phosphorus requirements of plants growing in 

analysis. tropical soils. Trans. 10th Int. Congress Soil 

Sci., Moscow, IV, 1974, 232-239. 
The project was made possible by financial Spence, J. A., and Ahmad, N. Plant nutrient 

assistance from the International Minerals and deficiencies and related tissue composition of 
Chemical Corporation. The authors also acknowl- the sweet potato. Agron. J. 59, 1967, 59-62. 



nitrogen, whereas potash reduced it. 
Several cassava hybrids evolved at theCentral Tuber Crops Research Institute, Tri-vandrum, have recorded two- to threefold in-creases in yield compared to the local varieties

(Magoon et al. 1970). Cassava is an exhaustivecrop, and the soil becomes depleted very
quickly by repeated cultivation. Therefore, itis essential to maintain productivity of thesoil so that the genetic potential of the hybridsfor high yields can be exploited. In a trial con-ducted with varying levels of farm yardmanure (FYM) ranging from 0 to 25 t/ha,the tuber yield increased significantly up to15 t/ha, but 12.5 t/ha FYM was found to be
the optimum. Similarly, testing levels of nitro-
gen ranging from 0 to 200 kg/ha showed a re-
sponse to nitrogen up to 125 kg/ha. In anothertrial conducted with varying levels of potash
(0-150 kg K..O/ha),cantly increased tuber yield was signifito 100 
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Effect of Farm Yard Manure and NPK on Cassava 
C. R. Mohan Kumar, R. C. Mandal, G. M. Nair, and N. Hrishi1 

Exploitation of hybrid vigour in cassava showed the genetic potential for nutrientutilization and improvement of the total biological yield.
Significant 
 tuber yield increases were obtainedmanure by the application of farm yardin combination with nitrogen, phosphorus, and potash. Farm yardnitrogen, or a combination of nitrogen, phosphoru,, and potash were 
manure with 

treatments. the next bestThe lowest tuber yields were recorded in the phosphorus or potash treatedplots.Bitterness of the tuber was increased by the ap.: a'tion of farm yard manure and 

up kg K.,O/ha,beyond which there was a gradual decline inyield. Thus, based on extensive manuring
trials, a dose of 12.5 t/ha FYM and NPK at
100 kg/ha was found to be economical formaximizing the yield of promising hybrids(Mandal et al. 1971, 1973; Mohan Kumar etal. 1971). The present investigation was un-dertaken to determine the response of cassavato 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 hybridH-226 on the Institute farm where the soil isan acid laterite. The treatment combinations were as follows: (I) FYM, N,PK, alone; (2)N + P, N + K, P + K, and N + P + K; (3) 

'Central Tuber Crops Research Institute, Tri.vandrum, 695017, India. 

FYM plus either N, P, K, NP, NK, PK, orNPK; and (4) control (no manure).
Farm yard manure (12.5 t/ha) and NPK( 100 kg/ha) each were applied in respective

treatments. Planting was during May/Juneand harvesting during February/March (10
months after planting).

Observations on plant height and number ofleaves produced and retained per plant weretaken at different stages of growth. Data onnumber of tubers per plant, nican size oftubers, and the tuber yield (t/ha) were recorded at harvest. Qualitative characteristics
like carbohydrate content, HCN content, and
cooking quality of tubers were analyzed by
standard methods. 

Results and Discussion 
The observations on plant height, totalnumber of leaves produced per plant, and thenumber of leaves retained were taken during

growth and at maturity. 

PlantHeight
Application of nitrogen alone or in combination with P and K significantly increased

plant height. Further significant increase inheight was achieved by the addition of FYM.
However, application of K and P alone or in
 
combination 
 reduced height considerably
 
(Fig. 1).
 

Leaf Production and Retention 
Maximum leaf production (319 per plant)and retention (64 per plant) were observed intreatment FYM + NPK. The effect of N aloneand in combination with P or K was also pronounced, whereas the application of K alone 

recorded the lowest leaf production (214 perplant) i.e. 33% reduction over FYM + NPK
(Fig 2a, b). 
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The mean tuber yield, tuber size, and tuber of lea ves retained per plant. 
number per plant are presented in Table 1.It is 
clear that N alone or in combination with p HCN and Starch Content of Tuber 
or K has a significant effect on tuber yield. The data on tuber analyses (Table 2) re-
Similar trends were observed in the case of veal that the HCN content of the tubers was 
tuber size, which agrees with the reports of increased in treatments FYM, N, and FYM + 
Singh et al. (1973) in Dioscorea alata. A N, whereas the starch content of the tubers 
significant effect of K on production of more showed an increasing trend with the applica
tubers was also observed (Table 1). The en- tion of potash. Similar observations of in
hancement of tuber production with the ap- creased levels of HCN in cassava tubers with 
plication of K was recorded by Dean (1971) FYM application were recorded by Thomas 
for sweet potato. However, the treatment Kurien etal. (1975). 
FYM (12.5 t/ha) + NPK (100 kg/ha) gave 
a significant increase in yield over other treat- Cooking Quality of Tuber 
ments. Organoleptic tests on cooked tubers indi-

Table 1.Tuber yield (t/ha), tuber size (g), and tuber number/plant. 

O/FYM N P K Nil 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 :L0.655 
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. Effect of FYM and NPK on HCN and starch content of tubers. 

O/FYM N P NK PK NPKHCN (j.gig) 
K NP S.E. 

Without FYM 103 175 98 68 158 105 75With FYM 113 180 120 85 
98 ±2.34

173 135 85 120 ±6.75 
Starch content (%)Without FYM 25.7 24.0 25.8With FYM 26.4 24.3 26.3 27.7 25.125.1 25.0 25.4 ±0.4926.7 24.7 27.7 27.9 25.4 ±1.41 

cated that N alone or I. YM + N gave a bitter Mandal, R.taste and a harder texture. On the other hand, 
C. Some promising high yieldinghybrids and selections of cassava. SABRAOK alone or P + K gave a nonbitter taste and a Newsletter, 2(), 1970, 19-26.softer texture. 

Mandal. R.C., Singh, K. D.,It may be concluded that though nitrogen 
and Magoon, M. L.Relative efficacy of difierent sources, levels andsplit application of nitrogen in tapioca. Indiansignificantly increased the tuber yield, it con- J.Agro. 16(4), 1971, 449-452.siderably affected cooking quality, particularlytaste. However, the addition of P + K to N im- Mandal, R. C., Singh, K. D., and Maini, S. B.Eflect of plant density, fertilizer level and shootproved the quality, 

number on tuber yield and quality of tapioca 
hybrids. Indian J. Agron. 18(4),The authors are thankful to 1973, 498-Smt K. R. 503.Lakshmi for helping in statistical analysis of the Mohan Kumar, B., Mandal, R. C., and Magoon,data and to Shri C. S. Antonisamy for preparing M. L. Influence of potash onthe graphs. cassava. Indian J.Agron. 16(1), 1971, 81-84. 

Singh, K. D., Mandal, R. C., and Maini, S. B.Dean, E. Knavel. The influence of nitrogen and A note on eflect of nitrogen levels on tuberpotassium nutrition on 
yield and quality of lDlcorea alata. Indian J.vine and root develop.ment of the 'All Agron. 18(1), 1973.Gold' sweet potato at early Thomas Kuriyan, Maini, S. B.,stages of storage root enlargement. J. Amer. Indira, P., andRajendran, N. Regulation of the levels of cyno-Soc. Hort. Sci. 96(6). 1971, 718-720. genic glucocides in cassava. National Symp. onMagoon, M. L., Appan, S. G., Krishnan, R., and Root Crops, Trivandrum, India, Sept. 1975. 

Mineral Nutrition of Cassava and Adaptation to Low Fertility
 
Conditions
 

D. G. Edwards, C. J. Asher, and G.L. Wilson' 
In experiments using solution culture techniques, cassava was shown to be moretolerant than maize and soybean to low pH and high levels of aluminium and manganese.The requirements for potassium, nitrogen, and calcium for arecomparable to other crops. In the 

maximum growthcase of phosphorus, the needscrops. Nevertheless are higher than otherthe data show that cassava toleratespotassium in the root zone better than other crops. The plant 
low 
has 

calcium, nitrogen, and 
an ability to bulk rootsat low phosphorus levels. 

Cassava has earned a reputation for being ability of cassava to produce some yield, albeitwell adapted to soils of low fertility. Thus, the low, in subsistence agriculture systems on soils
'Department of Agricu~lture. University ofQueensland. St. Lucia, Queensland 41067, Australia 

of low fertility status has contributed greatly toits success over other staple food crops. Despite(D. A. Forno, G. A. Gunatilika. A. K. M. S.Islam, S. Jintakanon, C. E. Lee, and S. N. Spear 
claims that cassava cultivars adapted to low soil 

contributed to the research program), 
fertility conditions show reduced ability to respond 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-
crtion, 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, .*frica, and Southeast Asia 
are moderately to strongly acid oxisols and 
ultisols located in the tropics. In addition to their 
inherently low fertility, 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 
recently (Kamprath and Foy 1971, Pearson 
1975). Results from liming experiments have 
indicated that large genetic differences 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 
differences 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-
nique, experiments have been conducted to 
compare the effects of a range of constant 
solution pH's and constant concentrations of 
Al, K, Ca, NO3 , 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 the 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 soil 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 frequent small additions of phospho
rus were 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 
technique 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) have 
been used in the study of nutrient deficiency 
and toxicity symptoms and in establishing
critical tissue nutrient concentrations for the 
growth of cassava. 

Results
 
Response to Solution pH
 

Effects 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. 1. 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 all essential elements maintained at adequate
levels. All species were grown for 4 weeks be
fore harvest. The pH optimum of cassava is 
quite normal, at about 5.5. However, more 
significant 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 0 to 160 uM. The 
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solution pH was maintained at 4.2 ± 0.1 forthe duration of the experiment. 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 exhibitedby any of the cassava cultivars, whereas theroots of both maize and soybean showed severeinjury symptoms, notably stunted and irregular
lateral root development. 
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Fig. 2. Relative dry matter yield ofwhole plantsas a function of concentrations of alminium in 
souin

However, considerable variation in yield responsc to aluminium was found to exist amongthe three cassava cultivars studied. CultivarCUQ2 achieved maximum yield at the high
est aluminium concentration, while cultivarCUQ5 showed considerable sensitivity to thehigher aluminium concentrations. All threecultivars showed a positive yield response to
low concentrations of aluminium. The etchanism responsible for this effect is not knowndespite a previous report of this effect in pasture legumes tolerant to high solution alumin
ium concentrations (Andrew et al. 1973). 
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Table 1.External solution concentrations (pmol/litre)
of potassium, calcium, nitrogen (ammonium and
nitrate forms), and phosphorus required for maximal 

growth of cassava and four other crops. 

Element (or ion) 

K Ca NO PNH 4 

CassavaCasst 

lowest 
cone. 8(9)L 101(2)b 7(1) 525(3) 50(6)

highest 
conc. 125(3) - 489(5) 5100(8) 127(6) 

Soybean - 1035 - - 0.7 
Maize 8 3 7 52 3 
Sorghum - 10 489 525 -

Sun

flower 32 101 29 525 

&Figures in brackets indicate number of cultivars 
reaching maximal growth at the specitied 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 tolerant maize and soybean, whereas the 
other two cultivars were much more highly
tolerant. 

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) may
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 
failure of Howell (1974) to obtain symptoms 
of manganese toxicity other than temporary 
leaf wilting on hot days may have been due to 
an insufficient concentration of manganese 
(1000 /.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 
this suggestion. 

Table 2. Relative yield of cassava and other crop
species at the lowest constant solutionconcentrations 
(,M) used in various flowing culture experiments. 

Element (or ion) 
K Ca NH4 N03 P 

(0.5) (0.5) (0.4) (0.4) (0.05) 

Cassava
 
mean 52 26m 40 20 18
 range 32-71 - 29-55 14-27 12-26 

Soybean - 2 - - 34 
Maize 36 2 7 6 21 
Sorghum - 3 5 2 -
Sunflower 43 0.2 9 3 

aRelative yield the same for each of the twocultivars studied. 

External Solution Concentrations for 

Maximal Growth 
The external solution concentrations of po

tassium, calcium, nitrogen (ammonium and 
nitrate forms), and phosphorus required at the 
plant root surfaces for maximal growth of cassava and four other crop species arc presented
in Table 1.These data were obtained from a 
series of flowing 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 external 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 maximal yield 
at the highest concentration studied (5100 
/AM), whereas none of the other crop species 
required more than 525 jM for maximal yield 
(Table I ). In the case of phosphorus, the con
trast between cassava and Ihe other crops was 
even greater. Indeed, the concentrations 
needed for maximal growth (50-127 /AM) are 
higher than those of any other species reported 
in the literature (Asher and L.oneragan 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 (MM). Plant concentra

tions are expressed on a g/100 g dry weight basis. 

Element (or ion) 

K Ca N(NH 4) N(N0 3) P 
(0.5) (0.5) (0.4) (0.4) (0.05) 

Cassava 
mean 0.68 0.23 1.30 1.38 0.08 
range 0.58-0.82 0.10-0.35 n.a. n.a. 0.06-0.11 

Soybean - n.d. - - 0.13 
Maize 0.89 0.23 0.70 1.20 0.10
Sorghum - 0.11 1.10 1.10 -

Sunflower 1.04 n.d. 0.90 1.10 

NoTE: n.a. - not available; n.d. - not determined, insufficient material. 

The much higher solution requirements for 
phosphorus and nitrate exhibited by cassava 
suggest that, for maximum growth, cassavamay require evcn higher levels of soil fertility
than other common crop species, 

Ability to Grow at Low External Nutrient 
Concentrations 

The relative dry matter yields of cassava and 
four other crop species grown in flowing 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 external nutrient con-
centration conditions that drastically limited 
the growth of the other species. For example, a 
solution calcium concentration of 0.5 /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 deficincies 
were not so severe in the other crops, cassava 
achieved a generally higher relative 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 tolerate 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 

TheTh concentrations of potassium, calcium, 
nitrogen, and phosphorus in the plant tops atthe lowest continuously maintained solution 
concentrations in the various individual flow
ing culture experiments are presented in Table 
3. The mean concentrations of potassium and 
phosphorus were lower in cassava than in the 
other crop species, while the mean concentra
tions of nitrogen were higher than those in 
the other species. These concentration differ
ences between cassava and the other species in 
themselves provide no evidence for adaptation 
to low fertility conditions. However, compari
so:, 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 are utilized in dry matter produc
tion by cassava and the other species. This 
comparison provides evidence for an adapta
tion of cassava to low fertility conditions with 
respect of both potassium and nitrogen, but 
not phosphorus. Thus, the association of lower 
potassium concentrations in the tops of cassava 
(Table 3) with higher relative yields (Table 2) 
suggests an adaptation in that cassava utilizes 
potassium 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 m"uch greater relative yields of 
cassava than other species also suggests a more 
efficient utilization of nitrogen in dry matter 
production by cassava. By contrast, the associa
tion of lower phosphorus concentrations in the 

http:0.06-0.11
http:0.10-0.35
http:0.58-0.82
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Table 4. Minimum nutrient concentrations in the 
tops of cassava and four other crop species at which 
plants were completely free of deficiency symptoms.

Concentrations ing/100 gdry weight. 

K Ca P 

Cassava 
mean 2.13 0.41 0.11 
range

Soybean
Maize 

1.04-3.23 
-

4.30 

0.29-0.53 
2.70 
0.20 

0.09-0.15 
0.22 
0.42 

Sorghum
Sunflower 

-
6.91 

0.38 
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 totally 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 /AM 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 retain 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, Spear et al. (1976) observed 

comparatively little decline in potassium con
centration with age in the leaves of cassava 
plants grown at the lowest solution potassium
concentration (0.5 p/M), whereas both maize 
and sunflower exhibited a strong gradient indeclining leaf potassium concentration with in

creasing leaf age. Forno (pers. comm.) aso ob
served that the oldest one or two leaves re
mained dark green compared with younger
leaves when cassava was grown at very low
external nitrogen concentrations (0.4 /tM).
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 fertilityconditions in that under sustained, but low 
nutrient supply cassava can adjust its rates of 
growth downward to match the low rates of 
nutrient uptake, thereby obviating the need for 

remobilization of nutrients from older leaves. 

Effects of Phosphorus Stress on Root 

Bulking 
All the experiments discussed so far have 

been of short-term duration and never more 
than 4 weeks. Accordingly, no consideration 
has been given to the production 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 day 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 
severely 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 some of the success of cassava in 
low fertility soils. 
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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 theseverely 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 ofphosphorus rate experiments, to establish just
how deficient a crop really is under actual fieldhondiin 

conditions. 

Conclusions 
Several features that may be associated with 

the special adaptation of cassava to low fertility
situations, including high soilbeen identified. Thesc acidity, haveinclude the ability to 
maintain relative yields under low nitrogen,
potassium, and calcium, the more efficient 
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 sonic
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 important feature in thesutess oma be sv a erosuccess of cassava ptan in poor soils.as a crop pant inepor owi

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 sonic 
cultivars to highly acid soils. They suggest cx-

solubilizing soil constituents, e.g. through an
alteration of rhizosphere pH or redox potential,
through excretion of chelates, or through
mycorrhizal associations, would not be of sig
nificance in the solution culture studies. These 
aspects also require investigation. 
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Characteristics of Indigenous and Introduced Cultivars of
 
Cassava in Guyana
 

A.H.Wahab' 
A yield trial was conducted for 12 months to assess the performance of 12 varietiesof cassava on Guyana's agriculturally poor but extensive peats and peaty soils. On thepeats, the four high yielding varieties, M. Mexico 59. NI. Mexico 23, Del Pais, and M.Colombia 673 gave fresh yields of 30.5, 19.3, 19.3, and 18.2 t/ha, respectively. On thepeaty clays, high yielding varieties were M. Mexico 59, Uncle Mack, Del Pais, and M.Mexico 23 with yields of 23.1, 22.1, 20.0, and 17.6 t/ha. respectively. The lowest yieldingvarieties on both soils were Chinese stick (7.6 t/ha on the peats and 9.0 t/ha on the peatyclay) and Bitterstick, which produced 11.7 t/ha on the peats and 9.0 t/ha on the peaty

clay.
Plant height and shooting and branching patterns were not related to yield, butharvest index was correlated with yield on both soils. Useful 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 peat swamps and 
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 some places. The peat is locally called 
"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 agricultural 
program. Cassava appears to be a promising 
crop for these marginal soils as it is: (1)
adapted to poor soils; (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 importance.

The performance of 12 indigenous and in-
troduced cultivars of cassava was evaluated on 
these drained peats and peaty clays. 

Materials and Methods 
Sonls 

Field trials were conducted on two soil types
(pH 3-4), locally classified as Anira peat No. 
20, and Inki Clay No. 100 (Steele and Ramdin 
1975). The Anira peat consists of dark reddish 

'Guyana Sugar Corporation Limited, George.
town, Guyana. 

brown peat from the surface (0-15 cm) and
varies from raw to semidecomposed peat-peaty
clay. Hydrogen sulfide is present from 0 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 asurface nbatt of 1-20 cm of peaty clay. 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 areas were naturally inundated until 
early 1974 when the necessary drainage facili
ties were installed. Following drainage, the 
areas 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 canal. Soils were sampled
at 0-15 cm and 15-30 cm for determination of 
physicochemical properties. 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 Uncle Mack) were believed to be 
indigenous to Guyana, one (Del Pais) was in
troduced from Puerto Rico, and the others 
(Llanera, M. Colombia 673, M. Mexico 23,
and M. Mexico 59) were promising varieties
from CIAT's collection. Planting material for
eight varieties was obtained from 6 to 9 month 



cassava cultivars. 

Anira 
peat Inki clay 

No. 20 No. 100 
Field capacity of plow layer (%) 299 59 
Bulk density (g/cn 3)0-15 cm 0.2 0.915-30 cm 0.2 0.9 
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Table I. Physicochemical characteristics at the time rows of 10 plants each. All observations wereof planting of the two soils used to compare the 12 made on 15-20 test plants taken from two 

pH 
0-15 cm 

15-30cm 
Total soluble salts (ppm)

0-15 cm 
15-30 cm 

Cation exchange capacity 
( -Smeq/ 1005g)


15-30cm 

Al (meq/100 gr2 


0-15 cn 
15-30 cmCa (meq/I00g) 
0-IScm 


15-30 cm 

Mg (meq/i.6g2 


0-I Scm 

15-30 cm 


K (meq/lO0g)
0-15 cm 

15-30 c3P (ppm) Truog 

0- cmn 


15-30cm 

N (1) 


0-I5 cm 

15 cr
15-30 cm 

0-15cm 

15-30 cr 


&Ca, Mg, and Al %ere 
cxtraci, K was determined 
extract. 

3.7 4.2 
3.6 4.1 

861 647 
932 830 

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 

i.5 0.5 
1.5 0.541.4 0.4 

31.4 8.1 
33.5 7.1 

determined using N KCI 
using 0.SN CH 3COOH 

old plants. These plants were established in the 
field nursery from two-node stem cuttings fol
lowing CIAT's rapid multiplication method.
Planting material of the remaining four varie-
ties (Bitterstick. Chinese stick, R. Singh, and 
Twelve month) were obtained fron 12 to 15
month old plants made available by the Central 
Agricultural Station. Mon Repos. A completely
randomized 5 replicate trial was used. Plots 
(9.1 X 4.6 m, 0.004 ha) were planted in 5 

central rows. Rows I and 5 were buffer rows. 
Where insufficient planting material was available the planting density (11955 plants/ha)
was kept constant 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 8-10 cm deep. Both trial sites wereplanted 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 
aragonite I aftermonth sowing. Fertilizers 
were applied at rates of 198 kg N (urea), 67kg P.,O.-, and 134 kg K.,O/ha. One-half of the 
fertilizer was applied with the lime, one
quarter 3 months, and the balance 5 monthsafter planting. Each application was bandedcircularlyni cm away from the plant and in
corporated 4-5 cm. To correct apparent cop
per and zinc deficiencies, 14 kg CuSo 4 and 12 
kg ZnSO 4 /ha were applied at 5 months as well 
as a prophylactic dose of 22 kg/ha of fritted 

trace elements. 
Plots were manually weeded 1, 4, and 9

months after planting. Serious outbreaks ofhornworm (Ernnis llo) were observed at 
both sites following heavy and continuous
showers in September, October, November,

and December. After the crop became infested

for a second 
 time, fortnightly applications of o eodtmfrtihlmonocrotophos (0.5 liter a.i./ha)plctosowere made,
 
resulting in effective control. 
 Moderatelysevere attacks of shoot fly (Silba pendida)were observed from the ninth month and persisted through harvest. Trichlorfon (Dipterex)
at I kg a.i./ha at 3-week intervals controlled 
this pest. 

Results 

Soil Properties
Some physicochemical characteristics of the 

two soils are presented in Table 1. Both soils 
were extremely acidic, and pH was not
ameliorated following lime application. Water 
holding capacity of the Anira peat (300%)
greatly exceeded that of the Inki clay (58%).
Conversely, bulk densities of the Anira peat 
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Table 2.Germination and plant height data for cassava variety trials." 

Variety 

Brancha butterstick 
M. Mexico 23 
Bitterstick 
Chinese stick 
Del Pais 
Four month 
Llanera 
M. Colombia 673 
M. Mexico 59 
R. Singh 
Twelve month 
Uncle Mack 

Grand mean 

S.E. 

C.V. (%) 

Anira peat No. 20 

Germination 
at 60 days

%) 

Plant height 
at harvest 

cm) 

96.0n 170.0c 
98.4 139.00 
92.4 216.0' 
95.6 153.0d 
98.8 154.0d 
97.6 124.0b 
91.6 120.0ab 
94.8 154.Od 
93.2 
88.8 

167.00 
115.0& 

90.0 180.0f 
98.8 136.0O 

95.0 152.2 
- 1.83 
- 2.7 

Inki clay No. 100 

Germination Plant height 
at 60 days at harvest 

(cm) 

94,8ne 198.00 
97.6 163.0allcd 
96.4 201.00 
98.0 183.0110 
98.4 168.0ahcd 
99.6 165.0abcd 
94.4 162.0abe 

98.8 148.0a 
94.0 181.0 otto 
92.0 169.0ied 
92.4 205.0 t 
98.4 158.0ab, 

96.0 	 178.6 
- 6.37 
- 8.0 

&Values followed by the same letter do not differ significantly (p = 0.05), ns = nosignificant dilfirence within column. 

(0.24) were about one-fourth those of the Inki 
clay (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
layer 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 Inki clay. Exchangeable aluminum was
fairly high for both soil types. Phosphorus
levels were low in both soils 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 harvest.

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. 

Germination 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
nated equally well on both soils. Plant 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 soils Bitterstick and Twelve month grew
tallest and were the most vigorous. Throughout
the trial, varietal differences in plant height
were statistically significant. Except for Del
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
nificantly among varieties. There was a tend
ency for early branching in the varieties
Four month, Llanera, and M. Colombia 673. 
All varieties had at least two branches at
tached to the main shoot and several indige
nous varieties produced three. Stem diameter 
at the first branch differed significantly among
varieties on both soils. Indigenous varieties had
the thinnest stems on both soils; plants on the
Inki clay had larger stem diameters than those 
grown on the Anira peat. 

Fresh Root Yields 
Fresh weight data are presented in Table 3.

Root yields were significantly different between 



agriculturally poor soils in Guyana.a 

n 
Anira 

Variety peatNo. 20 Inki clayNo. 100 

M. Mexico 59 30.5c 23.1 
M. Mexico 23 
Del Pais 
M. Colombia 673 
Twelve month 
Llanera 

19.3d 
19.3cd 
18.2,cd 
16.4bed 
153ed 

17.6Cedf 
20.O(Ie 
16.51,ie 
12.4ab ed 
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Table 3. Yields (fresh roots, t/ha) of 12 cassava t/ha). These varieties produced almost fourvarieties (11955 plants/ha) at 12 months on two times as much dry matter as Chinese stick. 

Uncle Mack 15.21d 22.lefBrancha butterstick 14.2abcd 15.3 
R. Singh 13.0as ed 14.7hed
Four month 12.1abe 17.4bcdef
Bitterstick 11.7ab Ii.la,
Chinese stick 7.6a 9.0nt, 

C 

Grand mean 16.1 16.3 
S.E. 2.0C.V. (C) 29.5 26.8 

'Values follo%%cd by the saime letter do not differsignificantly (p = 0.05). 

varieties 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 t/ha). 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.NMexico 
59 produced significantly higher yields (30.5
I/ha) than all the other varieties grown on the
Anira peat. It also ranked highest (23.1 t/ha) 
on the Inki clay but was not significantly 
better than Uncle Mack, which produced 22.1 
t/ha. Except for Four month, M. Mexico 23,
M. Colombia 073, Twelve month, and Uncle
Mack all the other varieties ranked similarly

on both soils. Uncle Mack rose 
from seventh

place (15.2 /ha) on the Anira peat to second 

on the inki clay, 


Dry Matter, Total and Useful Yield, 
Harvest Index,and Root Density


Values for some of these parameters are
shown in Table 4. Root dry matter was signifi-
cantly different between varieties in both soil 
types. Values ranged from 29 to 37% for the 
Anira peat and from 28 to 42% for the Inki
clay. Highest producers of dry matter were M. 
Mexico 59 (9.0 t/ha) and Uncle Mack (7.6 

16.9t'Cdte Useful root fresh matter content 

Total fresh matter production was significantly 
different between varieties irrespective of soil 
type. However, there was a greater concentra
tion of fresh matter in the shoots, stems, andleaves of plants on the Anira peat. Total fresh 

matter ranged from 19 to 41 t/ha for the Anira 
peat and 24 to 39 t/ha on the Inki clay. Again,
M.Mexico 59 produced the highest amount of
total fresh matter on the Anira peat, whereas
Del Pais was the highest on Inki clay. 

averaged
85% and did not vary significantly between 

sely
varieties on either soil. Consequently, those
 
varieties that had produced highest fresh root
yields, e.g. M.Mexico 59, Del Pais, and Uncle
Mack, also produced highest amounts of use
ful 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 were essentially the same 

(1.094) on the Anira peat. However, valueswere significantly betweendifferent varieties 
on the Inki clay. On this soil, Four Month and 
Brancha butterstick produced roots having
lowest (1.066) and highest (1.160) densities. 

Number of root tubers per plant differed
significantly between varieties on both soils. 
Also, root proliferation in the Inki clay ex
ceeded that in the Anira peat, for each variety.
Root tubers per plant ranged from 5 to 9 for 
the Anira peat, and 7 to 15 for the Inki clay.

Weights of tubers from plants grown in the 
Anira peat were consistently higher than for 
plants grown on the lnki clay.Average weight
 

per root tuber per plant ranged from 155 to332 g for the Anira peat and 84 to 223 g for theInki clay. 
Root tuber length differed significantly be

tween varieties on each soil. Longest root
 
lengths were exhibited by Brancha butterstick
 

measuring 44 cm on the Anira peat and 54 cmon the Inki clay. Shortest root tuber length was
also significantly different between varieties
and on each soil type. Chinese stick produced
the shortest roots irrespective of the soil. Ob
servations on length of the median root in
dicated that 50% or more of the root tubers of 
Brancha butterstick measured 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 peat No. 20 and Inki clay No. 100 after 12 months. 

Anira peat No. 20 	 Inki clay No. 100 
Equivalent Equivalent Equivalent Equivalent Equivalent Equivalent 
root yield total plant yield (t/ha) root yield total plant yield (t/ha)

(t/ha) fresh fresh weight of useful (t/ha) fresh fresh weight of useful 
Variety matter (t/ha) fresh matter matter (t/ha) fresh matter 

Brancha
 
butterstick 14.20-ohl 21.7ab 12.1ahe 15.3led 3).6a1e 12.8bcd 

27.3 athcd 	 17.6c tM. 	Mexico 23 19.3d 16.6) e def 27.901) 15.1cder 
a 

10.4a t  Bitterstick I1.7 25.1 A e	
I1.1a

32.910101) d 	 (0 9.2&b 
a
Chinese stick 7.6 22.6 abo 6.7 9.0 26.8a 77A 

Del Pais 19.3Ce 30.5cd 16.80 20.0det 38.7d' 17.2del 
- ' t rFour month 12.1ab e 22.5a 10.6t 17.41) 33.61bod 15.0erdi 

Llanera 15.31-d 19.3a 13.010 16.930)101 29.5he 14.6ceti 
eM. Colombia 673 18.2b) d 28.9be 

d 15.81)0 16.51-)010 29.4a)0 14.It)1ie 
M. Mexico 59 30.50 41.4a 24.8d 23.1t 36.1c) 19.3' 
R. Singh 13.0abed 19.1& 10.50 be  14.7801 ed 27.6ah 12.Stbed 

Twelve month 16.4b ed  31.1d 14.0ba 12.400 30.4aoe 10.7a e 
eUncle Mack 15.2)od 22.6 ah) 12.7ab e 22.1 et  35.41-)1 18.5 er 

Grand mean 16.1 26.0 13.7 16.3 31.6 13.9 
S.E. 2.2 3.t 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 were not consistent for a given variety har
clay. vested from both soils. 

Maximum root diameter measurements in
dicated that root thickness differed significantly 
between varieties on either soil type. On both Discussion 
soils, root diameter of Brancha butterstick was Total rainfall experienced (331 cm) during
lowest, whereas M. Mexico 59 produced roots the trial period exceeded the 105 year average 
of highest maximum diameter. (210 cm) for Enmore Estate by 58% and canAn examination of rooting depth pattern he described as adverse for Guyana conditions. 
showed that the maximum depth of root pene- Rain fell 62% of the trial days, and on 34 
tration on the Anira peat was 15 cm, whereas days (10%) precipitation exceeded 2.5 cm. 
with the exception of [lanera, R. Singh, and Months of lowest rainfall (15 cm or less) were 
Twelve month all other varieties on the Inki August through September 1975 and March 
clay penetrated to a maximum depth of 30 cm. 1976; and heavy rains fell from November 
Postharvest Storage Life through February (156 cm). In other words, 

during germination and stand establishment, 
On both soils, with the exception of M. and presumably during maximum root bulking,

Colombia 673 all varieties stored for at least the crop experienced excessive moisture. Also,
5 days before vascular streaking was noticed during the trial period, bright sunshine av
(Table 5). M. Mexico 59 harvested from the eraged just 6.5 h/day, which considered 
Anira peat stored longer (10 days) than all separately might have been detrimental to 
other varieties. However, this variety when yield.
harvested from the Inki clay showed vascular Soil proptrties at planting and following har
streaking at 5 days. Secondary deterioration of vest indicated high buffering capacities in both 
roots occurred at 10 and 1Idays on the Anira soils. This is consistent with the percentage of 
peat and Inki clay, respectively. Storage lives base saturation observed for the Anira peat 
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Table 5. Time (days) to onset of prinarya andsecondary" root deterioration of 12 cassava cultivars 

stored under ambient conditions., 

Anira peat No. 20 Inki clay No. 100 

Pri- Second- l'ri- Second-
nmary ary mary arydeterio- deterio- deterio- deterio-

Variety ration ration ration ration 

M.Mexico 59 10 II 6 10
Brancha 


butterstick 7 8 8 11Chinese 

stick 7 
 12 6 10 

Twelvemonth 7 10 9
M. Mexico 23 5 12 

1 
5 8

Bitterstick 5 II 6 8Del Pais 5 11 106
Llanera 
 5 II 7 II
R. Singh 5 II 8 IIFour month 5 9 6 10
Uncle Mack 5 8 ) 12 

bia 673 4 5I) 
Grand mean 5.7 I0 6.8 II 

"Primary deterioration was considered to have 
started with the appecarance o r ite blue-black streaksinthe root vascular tissueI'Secontlary deterioration was considered il have

occurred when the root tissues became soft.


'Storage conditions: Anira peat 7.15-83 
 F, R.il.78.3; Inki clay 74.4-84.5 F,R.1. 83.. 

(50%) and Inki clay (40% ). Indeed, the addi-

tion of lime (6.72 t/la) 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 at low pH values. 

Yield figures indicated that despite the un-

favourable climatic conditions that prevailed, 

the agriculturally poor peats 
 and peaty claysproduced average yields of 16 t/ha. Recalling
the sertoas outbreaks of hornwornm and shoot
fly that were experienced, it is possible that 
these pests coupled with the unfavourable 
climate depressed y'ields. M. M~exico 59 y'ielded
significantly higher (30.5 t/ha) than all other 

varieties on the Anira peat and also rankedhighest on the Inki clay (23.1 t/ha). Further,
all five of the introduced varieties ranked be
tween first and seventh on the two soils.At harvest, the tubers in the Inki clay plot 
were generally more numerous but thinnerthan those on the Anira peat plots. This was 

probably due to inadequate soil potassium inthe former soil. The enhanced yields of Uncle 
Mack (22 t/ha) on the Inki clay suggests thatthis variety is better suited to this soil.

An NPK program found to be best for cassava on peat soils in West Malaysia (Chew1970) was adopted for these trials. Yields offive varieties grown under the same climatic 

conditions and on unfertilized and unlimed
plots on the Inki clay averaged 5.3 t/ha fresh
roots in 12 months. Hence, the benefits derived
from lime and arefertilizers unquestionable
and may be further enhanced when optimum
quantities of N, P, and K for these particularsoils are determined. Neither plant height norbranching pattern appeared to have any rela
tion to yield. Partitioning of total fresh matter
diverted into the roots (harvest index) was 
greater on the Anira peat than on the Inki clay.It is plausible that due to low K in the Inki 
cy, shoot growth increased at the expense ofroot fresh matter accumulation. Correlation

coefficients (r) 
 for fresh yields against harvestindex were significant (p _-0.05) for both
soils and were 0.64 for the Anira peat and 0.85
 
for the Inki clay. Useful fresh and dry matter
yields were also significantly correlated with
 
fresh root yields on both soils (r =1.00, 0.99,
 
(I9, (.90).
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.G.. and Ramdin, H.N. Soil resources of
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Cassava Research in Nigeria Before 1972 
E. E. Unnanah' 

This review of cassava research achievements in Nigeria over a period of 20 yearspays particular attention to plant breeding, agronomy, chemical analysis, physiology, pestsand diseases, and cytogenctics. Breeding objectives and varieties recommended for thevarious ecological areas of the country are discussed.
A package of management practices as recommended from research results is given.On basic research, the karyotypes of sonic Alanihot species including cassava were determined, and it was suggested that cassava is an allopolyploid with chromotsome numberof 2n = 36 and a 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 recoi-
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 some 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: (I) high yield of tubers; (2) high
starch content; (3) high dry matter content;
(4) high protein content; (5) low hydrocya-
nide content; (6) good quality: (7) cassava 
mosaic disease resistance; and (8) improved
cultural practices, 

To achieve these objectives, cassava collec-
lions of varieties grown in different ecological 

'Federal Department of Agricultural Research,
P.B.M. 5042, Ibadan, Nigeria. 

zones in Nigeria and from foreign countries 
were initiated, and a selection of the highest
yielding types was made. These introductions 
included Manihot ghlziovii from Puerto Rico,
Afuniholt in'h,,obasis and Al. saxicola from
Surinam, and intcrspecific hybrids such as
58308, 58198, and 58212 from Amani in East 
Africa, which were resistant to mosaic disease. 
Variety 58308 was low ill prtussic (hydro
cyanic) acid, however it was also low in tuber 
yield. 

The country can lie divided into two broadlybased ecological zones on the basis of con
stimer preference. In areas north of Minna, 
consumers prefer "sweet" cassava, which is 
eaten raw or boiled and made into "ttio." In 
areas south of Minna down to the coast, the
emphasis is on gari production from "bitter" 
cassava. 

Samaru was selected on this basis as the 
centre for collectins and trials for the North
ern States. The area south of Minna was 
divided into four ecological and administrative 
zones for collections and variety trials. 

Hybridizations within the species Al. escu
h'nta were carried out to obtain high-yielding
mosaic tolerant/resistant types with desirable 
agronomic characters. Crosses involving the 
varieties 53101 and 42074 as parents and

53101 and 32031 as parents gave consistently

high yielding hybrids. Seedlings of these hy
brids were raised in ntrseries, and subsequent

multiplication stages 
 were tested in progeny
trials replicated at various centres and finally
in zonal centres, No one variety was consist
ently high yielding at all locations. This led 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 53101 were 
the highest yielding selections and were recom
mended for cultivations in the various ecologi.
cal zones, Table I. 
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Table I. Recommended mosaic-disease resistant cassava varieties and their qualities.
 

Mean 
increase over 

Variety 
Yield 

(t/acre) 
local variety 

(1,":) 
Recommended to be 
planted in (States) 

37065 (GCH7) 8.9 28.0 Eastern Nigeria 
44086 (Congo) 

(Sweet) 5.6 8.2 Eastern Nigeria 
53101 13.6 64.5 Western, Kwara, B/Plateau, 

Southern parts of N/West 
State 

Dan Wari (Sweet) 8.5 32.0 Cassava growing areas north 
of 10 'N latitude 

60444 16.3 95.3 Mid-West, East Central, 
South-East, Rivers, Lagos 

60506 15.4 78.0 Western, Kwara, B/Plateau, 
Southern parts of N/West, 
Mid-West, East Central, 
South-Eastern 

60447 15.0 55.1 Mid-West, East Central, 
South-East, Rivers, Lagos 

Starch 
content at 

15-18 months 
(%) 

23.0 

HCN 
(mg/100g) 

182.0 

22.0 135.0 

30+ 185.0 

30 145.0 

25-30 162.0 

30 162.0 

25-30 189.0 

Interspecific hybridization of clones, selected 
as described above, with other species of 
Manihot, such as Al. glaziovii, Al. saxicola, and 
A. neIttobasix, was designed to introduce 
characteristics for mosaic disease resistance 
and high protein content in cassava. Hybrids 
from crosses made between selected cassava 
varieties and Af. glazioiii usually 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. X1. esculenta 
has only about 1.6% crude protein in fresh 
tubers, but tubers of Al. inelanobasis and M. 
sexicola have crude protein contents of over 
10%. This necessitated the production of inter-
specific hybrids from Al. esculnta crossed to 
Al. inelanobasis. Cassava variety 50100 was 
crossed with Af. m'ehmohasis (58186). Back 
crosses were made to Al. tnelanobasis, but al-
though the protein contents of the back cross 
progen. 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 varieties. It was generally 
found that bitter cassava contained more starch 
than sweet varieties. The starch content of 
tubers also varied with age - the highest 
starch content being found at the age of 15-18 
months. Depending on varieties, 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% are common for 
tubers harvested at 15-18 months). 

The 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 effects of different ranges of 
temperature and scarification on the germi
nation of cassava seeds were carried out. Out
crossed seeds of cassava varieties 60444, 
58308. and 53101 were subjected to tempera
tures from 35 to 50 *C for 24 hours and then 
soaked in water at ambient temperature for 24 
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Table 2. Effect of time of planting on yield of different varietiesa
 

Time Yield of different varieties (lb/plot) Mean
(months) 53101 60444 60447 60506 (t/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 (t/acre) 9.1 9.8 9.9 8.8 9.4
 

aLSD (p = 0.05) = 18.1 lb/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 'C) 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 °C 
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 Ibadan 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 May plantings were shown 
to be as good as June. 
Harvesting Date 

Yield data and starch content of tubers at 
different times of harvesting were studied,
Significant 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 significant differ
ence between harvesting at 18 months and 15 
months. The same trend isshown in the starch 
content of the tubers (Table 4). There were 
significant differences in varieties X harvesting
times interactions although between varieties, 
the differences were not significant. 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 tip singly 
per stand. Erect or slanting orientation of singlecuttings 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 (I 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.& 

Time of harvest (months) Men 

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 

aLSD (p = 0.05) = 29.5 lb/plot or 1.2 t/acre. 

average spacing of 3 x 4 ft ( 12 ft-) 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 sole cassava 
crop (I 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 1967. revealed that the new cassava 
varieties were responsive to fertilization 
(Phillips 1973). It was therefore recommended 
that on acid soils (pH < 5.0) lime should be 
applied at a rate of 1590 lb/acre before plant-
ing. Then nitrogen as sulfate of ammonia and 
phosphorus as single superphosphate should 
be applied together 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 important 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 sole 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 

Several pests of the cassava plant exist, but 
most of them are not serious and some are 
seasonal, 

Bernisia nigcrien.sis (tabaci) or the white fly 
is the vector of the cassava mosaic disease. 
Golding (1936) showed that this insect trans-

mitted the virus from one cassava plant to an
other. The 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 killing 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 mites are more 
common during the dry season. They are very 
small and cannot be easily seen with the naked 
eye. They feed on leaf 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. Both 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 some cases 
reduction in size of leaves and stunting of 
plants occur. The vector of the disease is 
Benisia nigeriensis (tabaci) or white fly. 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 Ibadan, 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
 

Variety
Time of harvest 
(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 

ILSD (p = 0.05) = 5.2 (variety). 

varieties. Treatment of the cuttings by heating 
at temperature of 37-39 'C inactivates the 
virus and prevents primary field infection, how-
ever this does not prevent the secondary in-
fection. 

Brown leaf spot, caused by Cercospora hen-
ningsii, results in mature leaves becoming 
senescent faster than unaffected leaves. The 
effect of this disease on yield has not been 
assessed. White leaf spots, caused by Cer-
cospora caribeae, occurs along with brown leaf 
spot, but the lesions are smaller than the brown 
leaf spots. 

Die bhck is caused by Gloinerella cingulata 
in some plants. The disease is not wide-spread. 

Yellow rot is caused by the ftmngs PoIyporItsr 
bandoni, and is common in damp or water-
logged 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 wilting of leaves 
and stems. The disease is very serious and re-
quires intensified effort to eradicate it. 

Basic Cassava Research 
Cytogenetic studies of cassava M. esculenta 

and M. glaziovii were carried out (Umanah 
and Hartmann 1973). The chromosome ni-
bers of these two species were found to be 21f 
36. The karyotypes of the two species were 
similar. Two pair of satellite .hromosomes were 
reported for the first time for both species. 

23.2 
18.2 
16.0 
15.1 
16.1 

18.7 
18.8 
15.5 
17.5 
12.2 

21.9 
20.2 
17.9 
17.1 
16.0 

17.7 16.5 18.6 

Meiosis was normal in pollen mother cells; 
the 18 bivalents at M I disjoined regularly at 
A I.It is suggested that these Manihot species 
are allopolyploids with a basic chromosome 
number of X = 9. This conclusion confirms 
that of Perry (1943). 
Bek 
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Production of Cassava Foliage 

A. Montaldo and J. J. Montilla' 
Investigations were carried out on the production of foliage from cassava for use as 

protein in animal feed. The best results were obtained with successive cuttings of foliage 
at intervals of 3-4 months with plant densities of 31 250 and 15 625 plants/ha. The 
production rates obtained were: 14.5 t/ha of dry foliage in 12 months during the dry 
season, 19.6 t/ha in 12 months during the rainy season, and 35.2 t/ha in 17 months during
the rainy season. The protein content of the material (stems, branches, and leaves) varied 
between 13.8 and 22.3% with a maximum protein yield of 2.7 t/ha per year. 

The blades of the cassava leaf have a protein 
content of about 25%. This makes the crop a 
rich and cheap source of protein, which may 
be substituted for alfalfa foliage meal and other 
protein sources that are difficult and costly to 
obtain. Plant densities, crop management, and 
protein content of the total 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 densities were: (1) 3! 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 dilferent harvesting frequencies were 
used in the dry season: (I) foliage (leaves, 
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 (I 
harvest) and roots at 12 months. Three harvest 
schedules were also used during the rainy 
season: (I) foliage at 3, 6, 9, 12, 14, and 17 
months* (2) foliage at 6. 9. 12, 14. and 17 
months: and (3) foliage at 9, 12, 14, and 17 
months, 

Foliage was harvested by cutting the plants 
at ground level with a machete. The total 
foliage production per plot was weighed in 
the field (2 central rows), and this material 
was later ground in a hammer mill. After the 

1Faculties of Agronomy and Veterinary Ntedi. 
cine. respectively. Universidad Central, Ntaracay. 
Venezuela. 

material 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 °C for 48 h to de
termine the total dry matter of the foliage. 

Total weight, weight 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 significant effect on 
fresh foliage production. Frequency I (average 
yield 58.9 t/ha) and frequency 2 (average 
yield 55.0 t/ha) harvests were significantly 
different from the frequency 3 yield (39.4 
t/ha). The highest yields of fresh foliage (64.6 
and 63.6 t/ha) corresponded to a density of 
31 250 plants/ha, with harvests at 4, 8, and 12 
months, and at 8 and 12 months, respectively. 

Harvest frequency also had a significant 
effect on the production of dry foliage. The 
average yield for frequency I 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 significantly 
different from frequency I. The highest dry 
foliage yield was 14.5 t/ha, corresponding to 
frequency I at 31 250 plants/ha. 

Plant density did not exert a significant effect 
on the production of fresh roots. The largest 
production (18.0 t/ha) was in frequency 3 
(harvest at 12 months). This was significantly 
different from frequency I yield (8.7 t/ha). 
Since no significant differences were observed 
between frequency 2 and 3 yields, the cutting 
of foliage at 8 months did not significantly in
fluence 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 significant effect 
on the production of dry roots. The yield of 
frequency 3 (foliage and root harvest at 12 
months) was the highest (5.7 t/ha), and was 
significantly different from frequency I 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 t/ha for densities 1, 2, and 3, respectively,
Density I showed a highly significant differ-
ence from density 3, and a significant difference 
from density 2. 

Density 1 dry foliage production was highly
significantly greater than densities 2 and 3. 
There were no statistical differences between 
densities 2 and 3. Frequency 3 had the highest
yield (foliage 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 	 t/ha). 

In fresh foliage production, density I 
(31 250 plants/ha) yielded significantly more 
than density 2 (15 525 plants/ha) and density 
3 (10412 plants/ha). The highest yields of 
fresh foliage were 154.9, 165.7, and 147.7 t/ha 
for frequencies 1, 2, and 3 at density I. 

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, because there was a greater proportion 
of herbaceous material (leaves and sprigs) at 
4 montiis than at 12 months. The protein pro
duction values of cassava foliage were highest 
for density I and for frequency I, 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 and dry 
matter production, planting the crop in the 
rainy season is better. 

During the dry season, cutting frequency but 
not plant density exerted a significant 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 and ac
cumulated reserve material. 

Excellent dry foliage and protein production 
can be obtained by successive cuttings at 3, 6, 
9, 12, 14, and 17 months. 

It 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 develop a system to me
chanically prune the foliage and thus reduce 
the manual labour factor. 

The Effect of Various Levels of Cassava Leaf Meal 
in Broiler Chicken Rations 

J. J. Montifla, R. Vargas, and A. Montaldo' 
Cassava leaf meal was used as a protein source in the rations of I-day-old Vantrcss X

White Rock chicks. When rations were administered in meal form, body weight gain and
dietary efficiency were depressed at all levels of foliage addition up to the sixth week. 
This depression was noticeable during the last 4 weeks only at the top level of suhstitution.
Pelleting greatly improved the adverse effects that appeared when the feed was given in 
meal form. 

'Faculties of Veterinary Science and Agronomy, Univcrsidad Central, Maracay, Venezuela. 
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Table 1. Body weight and dietary efliciency gains in experiment 1. 

0-6 weeks 0-8 weeks 0-10 weeks 

Treatment BW DE BW DE BW DE 

0% 1049Aa 2.3Aa 1495Aa 2.6 1920As 2.8Aa 
10% 94OBb 2.6Bb 1395Ba 2.8 1845Aab 3.OAab 
20% 801Cc 2.8Cb 1262Cb 3.0 1699Bbc 3.lBb 

NOTE: Different lower case letters after values in acolumn indicate signilicant difler
cnces (p = 0.01); different capital letters after values in acolumn indicate signilicantdiffcr
ences (p = 0.05). 

Cassava foliage has a high protein content 
that may he as high as 22% when it is cut at 
2-month intervals. When cassava is plantcd for 
the sole purpose of harvesting its leaves, yields 
of up to 150 t/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 Eggumm (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-
miented with this amino acid. At the same time, 
nitrogen is increased from 2.04 to 3.02%. 

Ross and Enriquez (1969) fed poultry with 
rations containing meal from the leaves and 
stalks of cassava at levels of 3-20%. They 
found depression in growth and dietary cii-
ciency. This sittation was remedied by supple-
menting with 0.2'; methionine and 3% corn 
oil. They concluded that niethionine 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 
meal in broiler rations. 

Material and Methods 
Two 10.week tests were carried out. in a 

completely randomii/ed system, using a total of 
480 Vantress \ White Rock I-day-old chicks, 
The test unit in both experiments was 10 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 meal, balanced 
for all nutrients. 

The cassava leaves contained: 93.5% dry 
matter; 21.4% crude protein; 4.8% ether 
extract; 27.1% crude fibre; 36.9% nitrogen
free extract; and 9.9% ash. The meal 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 mill. 

The cassava leaf meal was added to the basic 
ration at levels of 10, 20. and 30%, substitut
ing the oil-seed (sesame and cotton) and the 
cornflour by 75 and 25%. respectively, for 
each substitution level. The rations with cas
sava leaf meal were supplemented with 0.15% 
methionine for every 10% of foliage added. 

In the first experiment, feed was adminis
tered inthe form of meal and. in the second, 
rations in the form of meal 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 weeks. The data 
were subjected to variance analysis and to 
Duncan's multiple comparison tests. 

Results and Discussions 

Table 1 summarizes the data for experiment 
I for body weight gain and dietary efficiency. 
There was a highly signiticant linear depression 
(p =z 0.01 ) for body weight gain at the second 
week. This situation continued up to the sixth 
week, when the broilers led on the rations with 
20 and 30, cassava leaf meal reached only 
83.5r, 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 meal as they grew older. 
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Table 2.Body weight and dietary efficiency gains in experiment 2.
 

0-6 weeks 0-8 weeks 
 0-10 weeks 
Treatment BW DE BW DE BW DE 
F-O% lll0a 2.1a 1469bc 2.1a 1987c 2.5aF-O%-P 1093a 2.2abc 1615a 2.5bc 2123a 2.8bcF-I0% 1002ab 2.3abc 1463c 2.6cd 1962c 2.8c
F-10%.-P 1026ab 2.4abc 1612a 2.5bc 2089b 2.7bcF-20% 886cd 2.6c 131 le 2.9ef 1774e 3.2lefF-20%.P 995ab 2.5abc 1511b 2.8de 1972c 3.1cdeF-30% 759c 3.2d 1190f 3.3g 1720f 
 3.4fF-30%-P 932bd 2.6bc 1387d 3.Of 1870d 3.3f
 

NOTE: F = foliage; 0,10, 20, and 30% 
= levels of addition; P = pelletized. Differ.ent lower case letters after values in acolumn indicate significant differences (p = 0.01). 

A similar situation existed with regard to
dietary efficiency. This was depressed at each
level of foliage addition up to the sixth week. 
At the eighth week, noticeable differences ex-
isted only between the ration with 30% foliage
and the other three. The fact that the relatively
large differences 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 that results in a high
degree of individual differences among groups.
This food spillage 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 leaf meal studied, with meal type rations,
at least 9 weeks are required for broilers to 
reach marketable body weight. At the tenthweek, the efficiency of food conversion was re-duced by 5.7, 12.1, and 23.2% when foliage
was added at levels of 10, 20. and 30%. 

Table 2 summarizes the information ob-
tained from experiment 2. It is evident that the 
meal preparation in pellet form improved body
weight gains and dietary efficiency. tip to the 
eighth week. This effect 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 differences shown between this and the
pelleted rations, with 10 and 20% foliage, al
though significant in sonic cases, were small 
and comparable to those recorded in com
mercial enterprises. 

On the other hand, the reduction in ration 
costs largely compensates for the reduction in
dietary efficiency. With the ration of 30% 
foliage in pellet form, weight gain was corn
parable with commercial levels, hut the dietary
efficiency loss was large. The economic effect 
must be evaluated before deciding whether to 
use foliage at this level. This would necessitate 
obtaining cassava foliage production cost data. 

Conclusions 

This preliminary work suggests that it is pos
sible to add cassava leaf meal, at relatively highlevels, to the rations of broiler chickens in pel
let form. Studies should continue in an attempt 
to clarify the possibility of using this material. 
Eggum, B. 0. The protein quality of cassava 

leaves. British J. Nutrition, 24, 1970, 761-768. 
Montilla, J. J., Garcia. I. A., and Revcron, A. E. 

Valor pigmentante de diver.mas harina.%verdeA 
agrupadasa las raciones para pollos de engorde 
y su efecto sobre el incrernento de peso.
Ciencias Veterinarias, 2,1973, 258-290.Ross, E., and Enriquez, F. Q. The nutritive valueof cassava leaf meal. 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. Covington' 
North Carolina has an excellent climate and soil for producing high yields of quality"yam-type" sweet potato cultivars. 'Jewel,' which stores well for over 9 months, originatedfrom this slate. Over the past 30 years, the combined efforts of research and extensionscientists and interested growers and persons in agribusiness industries have minimizedthe effects of diseases and insects, and introduced improved production, harvesting, curing,storage, and marketing techniques. North Carolina is the leading sweet potato producingstate in the United States and produces over one-third of the crop. Growers and shippershave a well-organized, cffective association to promote their products nation-wide and tosupport all aspects of the sweet potato industry. Sweet potatoes aretural commodity in North Carolina and 	

the leading horticulare sold in every marketing area east of theRocky Mountains. Discussion includes problems, current investigations, and future trends. 

The sweet potato (Ipomoea batatay) is consumer quality imagegrown commercially as an annual crop in the 	
and greater operational efficiency with the capability of relatingUnited States, even though it grows as a peren- to the needs of world markets in the future.nial in the Neotropics, its centre of origin. This Another aspect of the success story in Northcrop has been grown in North Carolina for

nearly two centuries and has been the leading 	
Carolina is related to the peculiar prominence
of tobacco, its allotment system, and the conhorticultural crop in this state for much of this solidation of tobacco allotments. The numbercentury. North Carolina has led all states in of farms in North Carolina is second only tosweet potato production since 1969, due in no the State of Texas. Many of these farmers aresmall part to its ability to produce efficiently 	 constantly seeking newand thereby compete effectively in tobacco 

crops to grow, sincemany production is essentially a "closedmarkets. shop" and ever larger farming units are neces-The success of the North Carolina sweet sary. Sweet potatoes and tobacco are somepotato industry is partly attributable to the 	 what complementary crops with regard to lamany contributions of a group of research and bour utilization and field operations.extension scientists at North Carolina StateUniversity, the members of support industries Cultivarsin the agribusiness community, plus growerswho are interested in developing better ways to 'Porto Rico,' and more recently 'Centennial,'grow sweet potatoes. An important factor re- were the predominant cultivars in North Carosponsible for North Carolina's success has beenthe keen interest of growers and shippers and 
lina until the early 1970s. In 1969, 'Jewel' was 

their formation of the 
released by the North Carolina State UniversityNorth Carolina Yan Agricultural Experiment Station. AlthoughCommission, Inc. in IQ6 1.This well-organized, poorly received by the industry at first, Northcohesive group of growers and shippers has Carolina growers andsuccessfully promoted research 	 shippers soon realizedand develop- that 'Jewel' was a highment, and 	 yielding (ca. 500the production and marketing of bushels/acre avg, up to 1000 bushels/acrequality sweet potatoes. Their voluntary assess-	 experimentally),

ment on 	 high quality, fresh marketthis product (20 per bushel fresh, 20 sweet potato with excellent storage, and goodper cwt processed) has provided funds to gain processing qualities. They found it to be widelymarket territories through merchandising, pro-	 adaptable, early sizing ("chunky" shape), softmotion, and advertising etforts. They have ira- fleshed, and resistant to several diseases (i.e.posed seasonal limitations on themselves on the Fusarium wilt, internal cork virus, and southernsale of freshly harvested, uncured sweet pota- root-knot nematode) and some insects (i.e. fleatoes. They continue to strive for an improved beetle). Its popularity has increased annually, 
and in 1976 over 75% of the acreage of sweet'Agricultural Extension Services. North Caro-linm 	 potatoes inNorth Carolina wereState Univcrsity, Raleigh, N.C. 27607, USA. 	 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 'Jewel' include its sus-
ceptibility to "souring" in wet soils (anaerobic 
soil conditions) and skinning. For these rea-
sons, some growers still plant some '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 work closely with the sweet po-
tato breeding program 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 more than two 
generations removed from certified stock, 

Presprouting seedstock at curing tempera-
tures (ca. 30 °C) for approximately 4 weeks 
prior to bedding results in more prolific sprout 
production (Covington 1962) and has become 
a standard practice in North Carolina. Unfor-
tunately, some growers do not fully compre-
hend that metabolic activity of the seedlings 
increases during presprouting, presenting a 
greater demand for oxygen and producing 
more carbon dioxide. Insufficient 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) and are most 
commonly about 3 ft (I m or less) in width, 
depending on the grower's operation. Due to 
the high cost of labour, careful hand placement 
of the roots has generally been replaced by 
pouring seed roots from boxes or pallet bins. 
Most seed roots are dipped in, or drenched 
with, a fungicide and the beds are treated with 
a herbicide. 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 rot are suspected, growers are 
careful to cut sprouts off above the ground to 
avoid transmitting these fungi to their fields. 
Rotting of roots in the plant beds and/or in
ferior sprout production is a problem, and de
serves attention. 

Considerable effort continues to be applied 
to develop effective systems for 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 are well suited for the production of 
quality sweet potatoes. Much of this is Norfolk 
fine sandy loam soil (typically containing 65% 
sand, 20% silt and 15% clay, with about I% 
organic matter), which has good internal 
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 heavier soils containing a much higher 
percentage of clay. Field selections are gener
ally made in the fall and the soil pH adjusted 
to 5.8-6.2. The benefits of greater fertilizer 
efficiency warrant liming, 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 important 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 ferti
lizer is incorporated into this ridge along with 
an appropriate nematicide. Several nematicides 
are approved and recommended (dichloropro. 
pene, EDB (Dowfume, Soilbrom), ethoprop 
(Mocap), and fensulfothion (Dasanit) (North 
Carolina State University 1976). 

Weed control is accomplished by cultivating 
plus the use of recommended and approved 
herbicides (diphenamid (Dymid or Enide),
DCPA (Dacthal), chloramben (Amiben) and 
vernolate (Vernam)). Vernolate must be in



148 TROPICAL ROOT CROPS SYMPOSIUM 
corporated prior to planting, but the others can mately 15 years with a carefully followed planbe band- or solid-sprayed 	over the transplanted of crop rotation, sanitation, and use of certifiedrows. 

seed. Pox (Streptomyces 	 impomnoeae) is notCrabgrass (Digitaria sanguinalis), ragweed present(Ambrosia arteniijolia), lambsquarter (Che-
in the major sweet potato growingareas of North Carolina. Southern blight ornopodiwn album), and cocklebur (Xanthium circle spot (Sclerotiumamericanum) 	 rol/sii) occasionallyare the major weed pests in causes locally serious problems. The fungus isNorth Carolina sweet potato fields, soil-borne and is widespread.Fertilization of sweet potato fields depends The root-knot nematode 	(principally Meloon the results of soil analyses, rainfall, and the idogyne incognita) is widespread in the sweetindividual grower's operations. Generally, it isrecommended 	 potato growing areas of North Carolina. Somethat 90-110 lb/acre (108-132 growers continue to sustain losses due to nemakg/ha) of nitrogen be applied; about 30 lb (36 todes even though excellent controlkg/ha) at preplant, 40 lb 	 pro(48 kg/ha) side- cedures, based on soil sampling and the use ofdressed at the last cultivation, and another 20 lb nematicides, have been proven effective. Losses(24 kg/ha) broadcast 4-5 weeks later. An addi- are compounded because yields reducedaretional 20 lb/acre (24 kg/ha) of nitrogen may beused any time following rainfall, 	

and quality is lowered.which may Rots of mature and/or 	 harvestedcause excessive leaching. Phosphorus (P.,O.) 	 storage 
required at about 60 lb/acre (72 kg/ha) and 

is 	 loots probably cause losses of over 15% annually. These rots are caused by several fungishould all be preplant applied. Potassium (KO) andis required at about 150 lb/acre (180 kg/ha), 30 
possibly some bacteria and viruses. In 

lb (36 kg) of which is preplant applied and the 
most cases, however, the indirect or predispos

remainder ing factors include: soils waterlogged for moresidedressed at the last cultivation, than I day, bruises, chilling below 10 *C,heat-Many growers have developed their own ferti-lizer programs. However, 
ing and drying in the sun. and poor curing cona typical schedule ditions. These rots continuemay resemble the following: 500-600 lb/acre 	

to be a problem
and control is based on(560-672 kg/ha) of 6-12-6 handed in the row 

proper field selection 
and handling of harvested roots.or broadcast as a preplant application, about

500 lb/acre (560 kg/ha) of 8-0-24 sidedressedat the last cultivation (mid-July) and 100-200lb/acre (112-224 kg/ha) 	of sodium nitrate ap-
Insects 

At the present time,plied as a topdressing 4-5 weeks after the last 	
insects do not causeproblems of major proportions in sweet potatocultivation (mid-August) and/or as required production in North Carolina.due to excessive leaching. 	 Numerous in-Since the physio- sects feed on the foliage but there isno evidencelogical storage disorder, "blister" affects somevarieties grown in North Carolina (i.e. 'Jewel'), 	

that they cause yield reductions. 
0.5 	 lb/acre (0.6 kg/ha) 

Wireworms (Condoerus falli, Condoerusof boron is also ap. vespertinus, and Melatiotus commulisin orderplied; usually it is formulated in the preplant
fertilizer as 	

of importance, respectively) can cause damageBorax or Soluhor if requested by by making 	 small holes inthe grower. 	 the storage roots.These insects are controlled by broadcasting a 
Diseases granular insecticide (i.e. fonophos or Diazinon)over the foliage when the storage roots begin 

Historically. sweet potato diseases have been 
to form.
 

a major problem confronting 
Various species of white grubs occasionally
the industry in damage sweet potatoes. Such damageNorth Carolina. but they are 	 can beunder reasonable minimized by avoiding soils that
control at this time. Internal cork (a virus 

are high in
 
disease) 	 organic matter and/or by broadcasting and inand blue stem (Fusarium oxysrporuin corporating a granular insecticide into the soilf. sp. bhatis) were extremely serious when'Porto Rico' 	 prior to planting.and other Cultivars were 	widely Flea beetlesgrown; 'Centennial' and 'Jewel' possess accept-	

(Chaefocne'na confinis) attacksweet potatoes causingable levels of resistance. Black rot (C'rato-	
damage resembling

"writing" on the surface of the storage roots.cystis fimbriata) and scurf (Monilochaetcs in-fuscans) This insect is best controlled by planting rehave been under control for approxi- sistant varieties, such as 'Jewel.' Fortunately, 
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no sweet potato weevil (Cylas jormicilarius
elegantulus) infestations presently exist in 
North Carolina. To prevent this most dcstruc-
tive insect from getting established, growers are 
careful to use only seed stock and plants from 
noninfested areas. 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 

Approximately 30% of the annual North 
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 7-10 
days at 29 °C 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. These consist of floorptatos i 

turned out of the ground by plow and hand-trnhsopovdhetadighudty 
Mostswet Noth Crolna r~~ trenches to provide heat and high humidity,
thegrondturnd ot o y plw ad hnd-fans for the necessary aeration (ventilation), 

graded into field boxes or 20-bushel pallet bins. 
This labour-intensive method requires con-
stant, close supervision to ensure that all of the 
sweet potatoes are "scratched out" of the 
ground and that they are graded accurately, 
and to minimize handling damage. 

Riding harvesting aids are popular because 
they keep labourers together and take some of 
the drudgery out of their work, although they
do little
to reduce the total labour 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
isbest suited for freshly harvested green sales,
but with careful handling with appropriate 
hydrohandling equipment, sweet potatoes har-
vested in this mannet"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, 

and adequate insulation. 
a 

The curing process is primarily one of 
wound healing (periderm 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 oa-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 inexcessive shrink
age in storage and losses due to rots. After 
proper curing, sweet potatoes are held at 13
15 °C 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 flakes, using 
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a flaking 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-
lion than any other single area of this crop. The 
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. 
Covington. H. N1. Pre-sprouting .sweet potatoes.

North Carolina Extension Service, Hort. Info. 
Leaf. 104, 1962. 

North Carolina State University. North Carolina 
agricultural chemicals manual. North Carolina 
State University, Agricultural Experiment Sta
tion and Cooperative Extension Service, 
Raleigh, N.C., 1976. 

Walters, W.NI.. Purcell, A. E.. and Nelson, A. M.Eflects of aunylolyti enzymes on "moistness" 
and carboh.drate change of baked sweet potato
cultivars. J.Food Sci. 40, 1975, 793-796. 

Sweet Potato Production in Hawaii 
J. S. Tanaka and T. T. Sekioka' 

This paper describes the general cultural practices of sweet potato production inHawaii. Presented are cultivars grown, method of planting, fertilizer application, pest
control, harvesting, and factors contributing to increased yield. 

There are two types of sweet potatoes
(Ipoiwca batatas) grown for the market. The 
type referred to as sweet potato in Hawaii is 
dry-fleshed with white to pale yellow or purple
flesh and is used mostly for boiling or frying.
The other type, popularly called "yam," is 
moist-fleshed with orange flesh and used mostly
for baking.

The sweet potato is grown all year round and 
isplanted 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 

'University of Hawaii. Honolulu, Hawaii 
96822. Paper publi.hed with the approval of the 
Director of the Hawaii Agricultural 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. 
Planting 

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 length with all except two or three of 
the terminal leaves 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 inthe 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, P205 70-110, 
and K 20 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 longer a 
problem. 

Insect Control 
The 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-
laciatus Furm) and the other is a larger metal-
lic blue-coloured weevil, with an orange-col
oured thorax called Cylas sweet potato weevil 
(Cylas lormicarius 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 diazinon. 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 some 
areas, leaf scab caused by Sphaceloina 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-prongcd potato hoe. 

Factors Contributing to Increased 
Yield 

CultivarImprovements 

Introduction 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: (I) better use 
of fertilizer; (2) timely irrigation in nonirri
gated fields; and (3) better control of the sweet 
potato weevils (Cylas lormicarius elegantus 
Sum and Eusccpes postlaciatus Furm). Further 
improvements in yield may be attained 
through: (I) reducing the growth period of 
5-6 months to 4-4.5 months (the incorpora
tion of early maturity with other horticultural 
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 labour). 

Joint efforts among plant breeders, phytopa
thologists, entomologists, agricultural en
gineers, and economists are necessary to ensure 
the progress of sweet potato production in 
Hawaii. 

IBPGR and FAO Programs for the Collection of Crop
 

Germ Plasm and its Long-Term Conservation
 

J. T. Sykes1
 

FAO's program in genetic resources started 
in 1961. Advised by the FAO 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. 

1975 that included recommended condition for 
storage of "orthodox" seeds. Institutions 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 collection 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, principles that the Board has adopted.
reduces the need for frequent regeneration of IBPGR has established two dimensions of 
accessions. Capital and operating costs of stores crops and regions as a matrix for its priorities.
at sub-zero temperature, thought to be not ex- Cassava, potato, sweet potato, and yam are 
cessive, need to be quantified and further re- among the tropical root and tuber crops to 
fined, which priorities have becn assigned in 10 of 

The International Board for Plant Genetic the 14 designated regions. The IBPGR is pro-
Resources (IBPGR) was established in 1974. moting germ plasm collections of tuber and 
Its basic objective is to promote an inter- root crops, grain legumes, millet, and rice in 
national network of genetic resources activities. West Africa; cereals in North Africa, India,
Free exchange of material and information re- and Pakistan; rice in Southeast Asia; and po
lated to it, the deposition of duplicate collec- tato, tropical forage legumes and grasses,
tions in their country of origin, and the duoli- maize, and groundnuts in Latin America. 
cation of "base" collections are three basic 

Summary 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 regions can form a base for
tropical root crop investigation. The root crops, unlike the cereals and many other 
crops that have their sexual organs as the usable parts, produce the source and fill 
their sink at the same time. This means that there is always a balance between pro
duction of source and filling of the sink, and any increase in source size will be made 
at the expense of the sink. 

This situation means that optimum leaf area indices for root and tuber crop
yields may not he very high (i.e. 3-4) and hence leaf angle and canopy structure 
may not be important. Work on cassava and sweet potato support this hypothesis
but in Tania higher yields are related to greater leaf area 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 area index build 
up and once this is formed it should be maintained by a long leaf life with nearly all 
new production of dry matter being used in the production of roots and tubers. 
This may he very dilicult as types in which leaf 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 I-AT will have 
a higher yield, due to better dry matter distribution, than a very high LAI crop in 
many cases. The medium [AI 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 limited crops, as has been tried in 
corn and soya. is obviously futile. 

Frequendly, workers are exhorted to produce high protein root and tuber crops,
but there is found to be negative eflect on yield due to the extra energy needed to 
produce protein when compared with starch. When starch is stored, it should be 



153 COCK: SUMMARY OF DISCUSSIONS 

stored in such a manner that its maintenance respiration is low. The whole relation
ship between photosynthcsis and respiration needs further study.

The use of models to describe plant 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 losses due to insect 
attack have been assessed very accurately by model. 

Translocation 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. 

It 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 
level 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 and E. R. Terry' 

For the purposes of control, cassava pathogens are classified as (a) those that attackvegetative propagating material, (b) those that attack foliage and green stern portions,
and (c) root rot pathogens that can induce preharvest and postharvest deterioration.Control measures for each of these categories are discussed and recommendationsmade. These measures, however, should be applied as part of an 

are 
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 important.
Cassava is allected by more than 30 fungal,
bacterial, viral, or viruslike and nvcoplasnal 
agents (Lozano and Booth 1974). These dis-
eases can affect plant establishment and vigour, 
inhibit photosynthetic elliciency, or cause pre
harvest or postharsest deterioration. Some 
causal agents are distributed worldwide. ap
pearing endemically in almost all cassava plan-
tations (leaf spots induced by C,'r1spor spp.
and Oidium spp. ) ( I.ozano 1976; Terry
19 75a). Others ire limited to geographical 
areas or continents (the causal agents of cas-
sava bacterial blight. American viruses. and 
mycoplasnal diseases) (Lozano 1972, 1975).
possibly because their dissemination occurs 
mainly through the use of infected planting 
material for propagation. 

African mosaic disease and brown streak 
virus are limited to Africa (Lozano 1972: 
Terry I175a), Asian mosaic disease to Asia, and 
superelongation disease to America (Lozano
and Booth I974: I.oano 1972). Apparently
the causal agents ol African ;ind Asian mosaic 
diseases are not present in America, although
the vector (lcnmisia spp. ) was recent ly ident]- im'lh'a.Sch'rotiniasp.. Sch'rotium rol!.ii, Penilied on this continent (Bellotti personl con-
nunication). Other widely distributed patho-
gens attack ca's,'a ol\ during tilecool and 
rainy periods of the year or ilarea% located at 
high elevat ions (nlore than 1200 in ),where 

'Centro Internacional de Agriculura Tropical
Apartado Aerco 07-13. Cali. Colombia, and Inter-
national Institute of Tropical Agriculture, P.M.B.
5320. Ibadan, Nigeria, respectively. 
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temperatures are below 22 'C (Phoma sp. and 
Cercospora caribaea) (Lozano and Booth 
1974; CIAT 1974, 1975). There arc 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 disseminated easily by
the movement of planting material from in
fected to uninfected areas. These pathogens 
can cause considerable damiage during the es
tablishment of the crop or at any time during
its growth cycle, including: (I) reduction in 
germination. (2) damping olf. (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
sties (Sphacenlona nanihoticola. Glocosporiton 
sp. ): facultative saprophites or parasites
(IRosllinia,'catriz, Fusariumspp.. Arn'illaria 

cilliumn spp.. Asptrgillus spp., etc.). These fungi 
are frequently found in the soil (Lozano and 
Booth 1974). Other pathogens include (I) bac
teria (Nanthonionas mani/otis, Lozano 1975; 
or Erwinia sp,. Lozano ct al. 1976: CIAT 
1976), (2) mycoplasma. and (3) viruses or 
viruslike diseases (L.ozano 1972;Terry 1975a).
Ihese 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- remain flooded for several hours after a heavyterial taken from infected plantations (Lozano rainfall.
1972, 1975), These soils may also contain highthe use of infested machinery or populations of organisms that can attack thetools during the preparation of land and while recently planted cuttings. Land that has beenplanting stem pieces, or infestcd soils. previously used for forest (woody trces, bushes,Control Measures coffee, etc.) or perennial crops (plantain, sugar 

cane, etc.) may also contain high populationsTaking the foregoing factors into considera- of root rot pathogens (e.g. Rosellinia necatrix,tion, the incidence of these pathogens in a Armillaria mielha, Fusarium spp., Sch'rotiu ncountry, region, or plantation can be prevented rolfsii, Rhizoctojia sp.. l'thitn spp., Fotnesby following these recommendations: lignosts, Phvtophthora dr'chs.hiri, etc.). which(I) A careful selection of all planting ma- normally attack cassava roots and woody stemsterial must be initiated by choosing the appro- (Lozano and Booth 1974).priate area and field for the collection of Adequate cultural practices to ensure goodpropagating material. Once in the field, plants soil preparation and drainage should always heand plant sections used for propagation should followed. Planting on ridges may also be etrecalso be carefully selected. Generally, it is not tive in preventing diseases.advisable to take planting material from Africa 
Soil must be well

plowed and drained. In regions where rainfallor Asia to America due to the presence of is high (more than 1200 mm), planting shouldmosaic disease in the former. Cuttings should be done on ridges to improve drainage andnot be taken from areas where CBB or super- reduce root darnage.elongation disease is present. The use of cut- Good quality cuttings, about 20 cm long,tings from plantations infected with the coin- should be planted so that half the cutting ismon mosaic or vein mlosaic virus and myco- covered by soil. Water should he appliedplasmal diseases must soonalso be avoided (IDRC after planting.
1975; Lozano 1976; Terry 1975a). Cuttingsshould always be selected from vigorous, ap- Foliar and Green Stem athogensparently healthy plants. The elimination ofany stem section with suspicious signs of dis-
ease Several fungi (Cercspora spp., Phoma sp.,is extremely important in the control of Oidiumn sp., Colltotrichtum gloesporioides,these diseases. Uromyces spp., etc.), bacteria (Xanthononas(2) Avoid damage to vegetative propagat- manihojis and Erwinia sp.). mycoplasma, anding material. Germination and establishment viruses or viruslike causal agents attack thecan also be improved by the careful handling leaves and green stem portions of the plant, orof cuttings during preparation, packing, ship- show the most characteristic symploms in theseping, and planting. which prevents injury to areas. Damage induced by these agentsboth the stem canand bud tissues. Some vascular lead to a reduction of photosynthesis, therebypathogens of cassava are disseminated by the decreasing the production and storage ofcarbouse of infected tools. When handling propa- hydrates. Reduction in phot osynlhesis can regative material, all tools and machinery should suilt from:be disinfected prior to each use 

(I) leaf spotting (chlorolic orwith a 5% necrotic areas) induced by cerlain fungi,solution of commercial formaldehyde. viruses, viruslike causal aigents, and bacteria;Fungicide "seed" treatment of cuttings may (2) blight and dieback induced by certain bacbe valuable. Germination and establishment 
 teria and fungi; (3) distortion and leaf stuntingcan be increased by more than 107 by dipping induced by certain mycoplasma, viruses, andcassava cuttings into a 5% solution of Demo- viruslike agents; (4) bud proliteralion indlocedsan (1,4 dichloro-2.5-dimethoxv'beizeile), by mycoplasma; and (5) hypertrophia causedArasan (tetraniethylthiuran disulfide).
lol (methoxyethylmcrcury 

Agal- by certain variants of mycoplasma (Costa andchloride) or Bras- Kitajinia 1972 ) and the superelongation causalsicol 75 (pentachloronitrobenzene) for 3-5 agent (Lozano and Booth 1974; Krausz et al.min before planting (CIAT 1974). 1976).(3) Selection and preparation of land are Several pathogens included in this group arealso important factors for successful cassava endemic in major cassava-growing areas (Locultivation. Heavy soils, with a high organic zano and Booth 1974; Terry 19 75a). Diseasematter content, are difficult to drain and may severity appears to be related to susceptibility 
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of the cultivar and climatic conditions in each 
area. 

Some 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 low. Cassava bacterial 
blight, superelongation disease, and African 
mosaic disease are also disseminated by in-
fected planting material (Lozano 1975; 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) Varietal resistance. Even though there 
are no resistant commercial cultivars for many 
cassava diseases, good sources of resistance 
have been identilied and promising hybrids are 
now being multiplied by IITA and CIAT (IITA 
1973, 1974; ('IAT 1974. 1975). Resistant 
genotypes for CBB, Cercospora leaf spots, 
superelongation disease, and Phioma leaf spot 
have been tested during several growing cycles, 
Good-yielding commercial lines, resistant to 
the major cassava diseases, should be available 
in the near future, 

(2) Disease-/ree 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-
clude 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 (Splac-
dona manihoticola. etc.). Methods for pro-
ducing CBB-free planting material have been 
developed at CIAT ( Lozano and Wholey 1974; 
Takatzu and Lotano 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-frec planting material. They could be 
used to supply basic stock for the rapid multi-
plication method recently reported by ('ock 
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 
tool surfaces be sterilized. 

(4) Cultural practices. Within a few days 
after planting, the cassava foliar system pro
vides a microclimate with lower temperatures, 
high relative humidity, and low air circulation 
between the ground surface and the top of the 
plants. The formation of this microclimate de
pends upon the variety planted (varieties with 
low or high leaf area index), as well as on the 
plant population. These conditions may favour 
the incidence and severity of fungal and bac
terial foliar diseases such as Cercospora leaf 
spots, Phomna leaf blight, cassava bacterial 
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 leaf 
area index of about 3 appears to be optimal 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 rainy 
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
stilt 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). 

Preharvest Root Rot 
The appearance of preharvest root rot prob

lemIs in a cassava plantation is generally a 
result of using poor-quality, diseased cuttings. 
Inadequate preparation of the land 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 bestrictly observed to prevent or reduce root rot
incidence. If root rots increase to levels higher
than 3%, which is considered to be economi-
cally important, 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-
tial of root rot pathogens; however, effective 
control of these diseases through the use of 
crop rotation or crop fallowing has not been
demonstrated. It is possible that longer periods
of rotation or crop fallowing are needed in
order to decrease the incidence of pathogens
that produce resting structures, such as sclero-
tia, chlamydospores, rhizomorphs, etc. It has 
also been observed that some cultivars are 
more susceptible to root rot diseases thanothers. The development of resistant cultivars 
could be considered for the control of these
diseases. 

Postharvest Root Rot 

Cassava roots cannot be kept in a fresh state
for more than a few days after harvest if cer-
tain precautions aire not taken. This presents
serious problems in the marketing and utili-
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. 

Several control measures to reduce post-
harvest deterioration have been suggested:

(1) Leave the roots in the ground until 
needed. Once harvested, the roots.should be
used immediately or dried for longer storage

life. This necessitates a scheduled program of
planting and processing. 


(2) The rate of primary deterioration varies 

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 important factors in 
the success of cassava storage is the conditionof the product to be stored (Booth 1975). Care 
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(4) Dteriosrfatce dela yead fungieseof various surface sterilajiiz and fungicides
(Booth 1975), refrigeration and waying (Singh 
and Mathur 1953; lIT, 1973). However, the 
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high cost and low efficiency of these techniques
severely limit their use. 

(5) Small quantities of roots can be pre
served for several 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 (Ingram
and Humphries 1972). Booth (1975) was able 
to store roots for tip 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 practical 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 research to produce
and release high-yielding multiple-disease.
resistant cultivars. This will take some time;
however, the foregoing recommendations 
should provide effective short-term control,
 
which should minimize the incidence and
 
spread of cassava diseases.
 
Booth, R. H. The storage of freih ca.wma roots.
 

In Proc. International Symposium on Tropical

Root and Tuber Crops. lbhadan, Nigeria, 1973
 
(in press).

Ca.isava storage. CIAT, Cali, Colombia, 
Bulletin FE.-16. 1975. 18 p.

CIAT Annual Report 1973. (I'AT, Cdali, Colom. 
bia, 1974, 260 p.

Annual Report 1974. CIAT. dli, Colombia,
1975, 253 p.Si.iteatns de produccin de vuca. In Inform eAntial CIAT 1975, CIAT, dali, Colombia, 1976, 
63 p.

Cock, 1. H., Wholey, D. W.. and LIozano. J. C.
A rapid propagation .%vtem for caiava.CIA'r,
(ali, Colombia, Bulletin -1-20,1976, II p.

Costa, A. S., and Kitajima. I. W. Sltdi.s on virits
and miopla, na dea-sem of the ravviva plantin Braz'il. In Proceedings IfR(/II'iA CassavaMosaic Workshop, International Institute of

Tropical Agriculture, Ibadan, Nigeria, 1972,
 
48p. 



160 TROPICAL ROOT CROPS SYMPOSIUM 

IDRC The international exchange and testing of 
cassava gerin pla.sn. Proceedings of an inter-
disciplinary workshop held tat C/AT, Palinra,
Colombia, 4-6 February 1975. International 
Development Research Centre, IDRC-049c, 
1975.74 p.

lIT La yuca parafinada. Revista dcl liT (Colom-
bia). 78, 1973, 131-148. 

lITA Root and tuber improvement program.
In Annual Report 1973. IITA, Ibadan, Nigeria,
1974, 39 p. 

Annual Report 1974. IITA, Ibadan, Nigeria,
1975, 199 p. 

Ingram. J. S.. and Humphries. J. R. 0. Cassava 
storage: a review. Tropical Science, 14. 1972,
131-148. 

Kartha. K. K., and Gamhorg, 0. L. Elimination of cas.sava nosaic disease by meristem culture. 
Phylopilthology, 65. 1975, 826-828. 

Krausz, J. The .%uperelongationdi.ase of cas.sava. 
PhD thesis, Cornell University, Ithaca, N.Y..
1975.81 p. 

Krausz, J., Lozano, J. C., and Thurston. H. D. A 
new anthracno.ie-like disea.we of cas.sava. Ann,
Proc. of the Am. I1hytopath. Soc. 1976 (in
press). 


Lozano, J. C. Status of virus and mycoplasna-

like disease of ca.%.sava. In Proceedings of the 
IDRC/il'A cassava mosaic workshop, Inter-
national Institute of Tropical Agriculture,
Ihadan, Nigeria. 1972. 48 p.

Lozano, J. C.. and Booth, R. H. l)iseases of cas-
saa (Manihot essulnta ('rantz). PANS (Pest
Articles and News Summaries), Centre for 
Overseas Pest Research, London, 20, 1974. 3t0-
54. 

L.ozano. J. C.. and Sequeira, L. Bacterial blight of 
'asmava ins('olomsbia: epidemiology and control,
Phylopalholog', 64. 1974. 83-88. 

L.ozano, J. C., and Wholey. D. W. The production 

of bacteria-free planting stock of cassava. World 
Crops, 26, 1974, 115-117. 

Lozano, J. C. Bacteria blight of cassava. PANS 
(Pest Articles and News Summaries), Centre 
for Overseas Pest Research, London, 21, 1975,
38-43. 

The threat of introducing cassava diseases 
and pests on propagation material. In Plant 
health and quarantine problems arising in inter
national genetic resources transfer. FAO (Food
and Agriculture Organization), 1976 (in 
press).

Lozano. J. C.. Belloti. A., van Schoonhoven. A.. 
Howeler. R.. Howell. D., and Doll, J. Field 
problems in cassava. CIAT (Centro Interna
cional de Agricultura Tropical), Cali, Colom
bia, 1976. 

Montaldo, A. Vascular streaking of cassava root 
tubers.Tropical Science. 15, 1973, 39-46. 

Singh, K. K.. and Mathur. P. B. Cold storage of 
tapioca roots. Central Food Technological Re
search Institute, Mysore, India, Bulletin, 2, 
1953, 181-182. 

Takatsu. A., and Lozano, J. C. Translocacin del 
agente causal del autublo ba'terial de Ia vuca
(AManihot esculenta ('rantz) en los tejidos del 
hospedero. Fitopatologia. 10. 1975. 13-22. 

Terry, E. R. Cassava germ plasin resources, 
diseas.e iniid'nce,and phyto.anitary constraints 
at 1IT.4. In Nestel, B., and Maclntyre, R., eds.,
The international exchange and testing of cas
sava germ plasm, Proceedings of an interdisci
plinar workshop held it CIAT. Pallnira,
Colombia, 4-6 February 1975. IDRC-049c,
1975a, 38-40. 

Cassava bacterial blight disease in Africa. 
In Proceedings of the IDRC/I1TA Workshop 
on Cassava Improvement in Africa. Interna
tional Institute of Tropical Agriculture, Ibadan, 
Nigeria, 1975b (in press). 

Field Control of Cassava Mosaic in
 
Coast Province, Kenya
 

K.R. Bock, E. J. Guthrie, and A. A. Seif' 
A series of simple observational trials to study the epidemiology of cassava mosaic

in the lield was undertaken at the Coast Agricultural Research Station. Mtwapa. during1973-76 on moderately tolerant cultivar 46106/27 and highly susceptible cultivar r279.
The result,, indicate that control of mosaic in the hield in coastal districts of Kenya ispossible by the use of mosaic-icce planting material, the roguing of infected plants, andby allowing a reasonable degree of isolation of clean plots from infected plots. They also 

Ilock and (iuthrie. Ninitr of OVer%as Development Crop Virology Project. East African
Agriculture and Forestry Research Oiganizttion, p.o. [lox 301148, Nairobi. Kenya. Seif. Departmenrit of Agriculture, Coast Agricultural Research Station, p.o. Box 16, Kikambala, Kenya. 
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suggest that under the prevailing climatic conditions, man is a more efficient vector, by
his use of infected cuttings, than a whitefly. Loss of yield due to mosaic in cv 46106/27 and 
cv F279 was 70 and 86%, respectively, and the drop in yield was significantly greater for 
cv F279 than for cv 46106/27. 

Over a vast area of East Africa, cassava is 
far more important than estimates of acreage,
Departmental Annual Reports, or export statis-
tics would suggest. It is a staple food of a 
significant 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. Several selections from the program are 
widely planted and are among the most popu-
lar varieties in East Africa; others, notably 
Manihot esculenta X M. glaziovii hybrids back-
crossed to M. esculenta. form the basis of re-
sistance in international breeding programs
such as at the International Institute of Tropical 
Agriculture, lbadan. 

None of the EAAFRO material can be de-
scribed as immune to cassava mosaic, nor with 
very few exceptions can any varieties be de-
scribed as highly resistant. For example, in 
1972 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 
several farmers' plots substantially free of mo-
saic, and tifs 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-
pie 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 

regime only (coastal districts of East Africa), 
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 long 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 'C and mean minimum 
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 esculentaderivative to esculenta)
and F279, an import from Java. Both 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 
level of resistance, and one that stood lip 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 iosaic symptoms. Any 
plant with possible symptoms was immediately 
removed and destroyed. When the population 
was free of visible sign%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 
apart. The plot was planted during the short 
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rains (9 November 1972), and recordings be. Plot Managementgan on 20 November. Each plant was inspected Management of plots was kept to a minifor cassava mosaic at weekly intervals; infected mum.plants Fertilizer at the recommended rate forwere not rogued. This study con-was cassava for Coast Province (150 kg/ha sulfateeluded 14 months later, in January 1974. of ammonia, 200 kg/ha double superphos

phate, 200 kg/ha muriate of potash) was ap-Rate of Spread into Mosaic-Free Plots plied at planting only.

One hundred mosaic-free plants each of
46106/27 and F279 were planted in 10 alter- Resultsnate rows of 20 plants; plants were I m apartwith 2 m between the double rows. Rate of Spread Within a PlotOne such plot (Plot i) was sited in open

grassland in December 1973; it approxi-
Spread from infected to healthy plants waswas rapid and continued throughout the growingmately 300 m downwind of cassava plots with season; at harvest (14 months) 84 of the 156high incidence of mosaic. Weekly records were plants (54%) were infected.taken of mosaic incidence, but, unlike the firstexperiment, infected plants were immediately Rate of Spread into Mosaic-Free Plotsrogued. The trial was discontinued in Decem- Spread into mosaic-free plots was very slowTer1974. t and did not

To build up at any time during theensure that reslts were not attributable season. The incidence of 46106/27 was: plot 1,to site ecology, a further four similar plots were 2/100; 2, 0/100; 3, 1/ 100; 4, 4/100; 5, 2/100;established during the long rains in April 1975 of F279: plot i, 15/100 (8 of these may havein four areas of differing ecology. These were been infected at planting); 2, 0/100; 3, 1/100;Plot 2: on the same site as plot 1, initially with 4, 2/100; 5, 5/100.
some degree of isolation 
 from other infectedcassava. Shortly after initiation of thisseveral plots of trial. Crop-Loss Assessment Trialcassava in which incidence of The mean yield per plant (kilograms)mosaic was moderately high forwere planted 46106/27 healthy 3.55, diseased 1.19, healthywithin 50 in of Plot 2; Plot 3: surrounded by 4.16; for F279 healthy 3.31, diseased 0.52,cashew trees; Plot 4: sheltered from the pre- healthy4.03. vailing winds by citrus, cashew, and coconut
trees; Plot 5: on a farm near Mtwapa Research
Station, surrounded by widely spaced coconut Discussionpalm and mixed cultivation. Our results suggest that control of mosaic inCrop-Loss Assessm~ent Plot the field in East African coastal districts ispossible by the use of mosaic-free plantingThe effect of mosaic on yield has apparently material, the roguing of infected plants, andnever been assessed or estimated in Kenya. al- by allowing a reasonable degree of isolation ofthough there are figures for neighbouring Tan- .clean" plots from infected plots. Theyzania, and other countries. To estimate alsothe suggest that. under the prevailing climatic coneffect of planting infected cuttings on
tolerant and 

yield of ditions, man is a more efficient vector, by hisa a highly susceptible variety
(46106/27 and 

use of infected cuttings, than is whitefly.1:279. respectively), a line of Whether these results apply to different cli35 plants derived from infected cuttings was matic regimes, for example where aiinual rainplanted hetween tMo lines ot 35 plants derived
from mosaic-fiee cuttings. 

fall is higher and more evenly distributed, orRows were 2 in where the growing period is 18 as opposed toapart with 1.5 in between plants. The trial was 12established in May 
months, remains to be seen. It seems that1975 and litted in February

1976. tolerance in 46106/27 is associated with a less 
severe reaction of above-ground parts to infec-The yield of each plant was recorded. Al- tion: the drop in yield due to disease is signifithough the design of the plot was not statistical, cantly greater (5% level) for F279 than forthe results were subjected

variance, data being 
to an analysis of 46106/27. In the untransformed yield data,transformed to logs for loss in yield in 46106/27 was and inaalysis. 70%,

F279 86%; it is thus questionable whether, on 

http:healthy4.03
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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 African Agriculture and 
Forestry Research Organization Annual Report,
1958. 48-55. 

Synonymy in Sweet Potato Virus Diseases 

J. Mukiibi' 
The literature pertaining to virus or viruslike diseases of sweet potatoes suggests thatthere are only two diseases definitely caused by viruses: sweet potato mosaic, with manysynonyms, and sweet potato internal cork. The other viruslike diseases are either causedby mycoplasma, mites, or are physiological in nature. 

Martyn (1968, 1971) and Smith (1972)
listed seven virus diseases of sweet potatoes:
(1) feathery mottle; (2) internal 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 difference between mosaic virus A and B. 

Sheffield (1957) distinguishes the two dis-
eases on the basis of severity. Virus A is a mild 
disease transmitted by Myzus persicae and not 
by white flies. Virus B. a severe disease, is 
transmitted to sweet potato by the white fly
Beinisiatabaci and not by aphids or mechanical 
means. I have frequently transmitted mechani-
cally the severe disease to sweet potato. The 
aphid Myzus persicae isalmost invariably asso-
ciated with the severe disease in the field and 
has also frequently transmitted the disease 
from affected 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, I have 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 I. 

]Department of Crop Science, Makerere
versity, P.O. Box 7062, Kampala, Uganda. 

Uni-

Discussion 

A total of 21 virus or viruslikc 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 are grown extensively
(Rosen 1920; Hansford 1944; Adsuar 1955;
Yoshii 1960). 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 
flexuous rods of 761. 767, or 844 inm (Nome
1974; Nome et al. 1974) or 850-900 n)
(Hollings et al. 1970). 

Descriptions of the diseases referred to as 
mottle leaf (Strydom and Hyman 1965), leaf 
spot (Martin 1970). ringspot. vein clearing,
and leaf pucker (Loehenstein and Harpaz
1960) are identical with descriptions of foliar 
symptoms of mosaic. These diseases are also 
transmitted by aphids or white fly. The diseases 
referred to as rosette (Noble 1935; Steyaert
1946), curly top and yellow dwarf (Ililde
brand 1958ab) ,re manifestations of severe 
symptoms of mosaic and their descriptions are 
identical with those of sweet potato mosaic 
virus B. Hence it appears that there are 10 
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 



Symptoms andDisease modifying factors 

Mosaic Vein clearing, vein 
banding, leaf distortion, 
small leaves sometimes 
wrinkled; short internodes 
and rosetting; may cause 
necrosis in tubers; 
symptom expression varies 
with temperature and 
cultivar 

Control 

Virus-free planting 
material; heat therapy
possible at I10°F; control 
with resistant cultivars 
possible; spraying against 
vectors did not reduce 
incidence in Uganda 

Not specified 

Not specified 

Not specified 

Not specified 

Not specified 

Not specified 

Not specified 

Celery Same as above; apparently Aphisgossypii 
mosaic 	 adisease of celery trans

ferred artificially to sweet 
potatoes 

Mottle leaf Yellow spots on foliage 

Leaf spot Small yellow spots almost 
like above but smaller 

Ring spot Conspicuous chlorotic 
spots plus stunting; 
symptom expression
varies between cultivars 

Vein clearing Similar to mosaic 
especially as found in East 
Africa; symptoms masked 
by heat 

White fly: Trialeurodes 
abutilonea 

Not specified 

Myzuspersicae but not 
Bemisia tabaci;also 
transmitted mechanically 

Grafting; Bemisia tabaci 
but not mechanically 

Leaf pucker Leaf mottle, vein clearing, Grafting but not aphids 
leaf wrinkling, folding and nor whitefly
reduction in size; develops 
better in cool weather 

Rosette Stunting and proliferation Not specified 
of branches from leaf axils 

Table 1. Notes on virus and viruslike diseases of sweet potato. 

Transmission 

Myzuspersicae, Bemisia 
tabaci. Grafting, mech-
anically, vegetative
propagation. Not seed 
transmitted, 

Causal agent 

Virus(es) several strains. 
Flexuous rods 761, 767 or 
850-890 nm. Serological
characteristics not 
reported 

Virus presumed 

Virus presumed 

Virus presumed 

Virus particles of unspeci-
fled size; some particles
similar to feathery mottle 
virus but differ from 
cucumber mosaic 
Virus presumed 

Virus presumed 

Virus suspected 

Distribution 

USA, Puerto Rico 
Venezuela, Uganda
Kenya, Tanzania, Malawi 
South Africa, Zaire 
Nigeria, ? Ghana 
?Australia 

Cuba, Florida (USA) 

USA, South Africa 

USA 

USA, Israel 

USA, Ghana, Israel 

Israel, Philippines 

Australia, Zaire 

Importance 

Very severe in East and 
Central Africa and in 
Southern USA as well as 
South Africa and 
?Australia 

Not specified 

Severe in combination 

with "yellow dwarf" in
South Africa 

Not specified 

Not specified 

Very severe losses in 
Israel and Ghana 

Minor loss 

Destructive in both areas 



Curly top As above 

Feathery Random bright yellow
mottle spots or streaks; vein 

clearing and banding; leaf 
yellowing, distortion, 
stunting; some aspects 
similar to East African 
-virus A"; also shown 
to consist of three 
components: yellow 
dwarf, internal cork and 
leaf spot; symptoms 
more apparent in shade; 
cultivars react differently

Russet Leaf symptoms same as 
crack mosaic and feathery 

mottle; roots with super-
ficial longitudinal cracks 
which may become corky; 
symptoms masked by 
temperature: cultivars 
react differently 

Internal Dark brown to black 
cork 	 necrotic spots in tuber 

flesh starting as collapsed 
cells: development of 
phellogen around spots 
progressi ely producing 
cork; also sunken corky
lesions on surface of tuber; 
cork may develop following 
mechanical injury; on 
fbliage Iein 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 internal cork: 
necrosis apparently renamed 

internal cork 

Not specified Virus suspected 

Grafting; mechanical; Virus; flexuous rods of 
Myzuspersicae(non- 800-844 nm; sub-strains 
persistent), Aphisgossypii, suspected 
Aphis apii, Microsiphum 
solanifolii,T. abutilonea 

Grafting; Myzus 
persicaeandA. gossypii 

Mechanical; AMyzus 
persicae, Aphis gossypii,
Macrosiphum solanifoli, 
grafting; vegetative 
propagation 

Not specified 

Virus; flexuous rods of 
800 and 876 nm seen; 
cross protection with 
feathery mottle 

Virus; viral RNA 
detected and polyhedral 
particles of 450-475A o 

seen 

Ptyhium sp., boron 
deficiency 

Australia 

USA, Japan 

New Guinea, ? Ghana 

USA, Tonga 
Australia, New Zealand 

USA, Tonga 
New Zealand, ? Uganda 

USA 

Destructive 

Potentially destructive 

Reduces market quality 
and yield 

Yield unaffected but 
market value drastically 
reduced; flavour not 
affected; greatest effect 
in storage at hightrage 

Severely reduces 
market value 

Not specified 

Control with resistant 

Not specified 

Spraying against vectors; 
storage at 55-60*F; 
resistant lines develope.d; 
tissue culture potcatial 

Application ofboron failed 
to control disease 



Table I. Notes on virus and viruslike diseases of sveet potato (concluded). 

Disease Symptoms andmodifying factors Transmission Causal agent Distribution Importance Control 

Internal root
necrosis 

Brown necrotic streaks in
tuber; not affected by 

Grafting failed Physiological Ne,.Zealand Not specified 
Not specilied 

storage at 75' F 

Little leaf Small narrow distorted 
yellow leaves; stunting; 
some necrotic streaks: 

Grafting; Halticus 
fibialis. Believed 
soil-borne 

Mycoplasma-like bodies 
seen; virus suspected 

Tonga, New Zealand 
Papua New Guinea 

Severe in Papua 
New Guinea 

Tetracycline; heat therapy 
45-65°F; resistant clones; 

rosette effect similar to 
roguing ineffective 

Ishukubyo 

Witches' 
broom 

Dwarf or 
ishukubyo 

As for little leaf 

Dwarfing; proliferation 
of %hootfrom axuils; 
small yellow leaves; stem 

Grafting Nesophrasyne ? Virus; mycoplasma-like 
ryukyuensis; not by aphids, bodies seen 200-250 um 
other leaf hoppers or seed in phloem 

Not specified ? virus; disease 
apparently same as 
Witches' broom 

Japan. Taiwan, Korea 
Java, Tonga, New 
Zealand 

Ryukyu,Japan 

Very severe on Ryukyu 
Islands 

Severe on Ryukyu Islands 

Tetracycline; terramycin, 
hot water 45-60°F; 
resistant clonm developed 

Not specified, but see 
witches' broom 

produces little or no latex 
Yellow 

dwarf 
Stunting. reduced leaf 
sie and similar to East 
African mosaic disease 

Grafting; Trialeurodes 
abutilonea adults only 

Virus suspected USA, Israel 
New Zealand, South 
Africa 

Very severe in parts 
of USA 

Heat therapy, water 
at 380C 

"virus B' 

Hard-core Hard regions of tuber, 
inedible after cooking; 
condition increases with 

Not specified Conflicting views: virus 
particles seen, flexuous 
rods 700 nm in roots and 

USA Reduce cooking quality Not specified 

Erinose 

cold, reduces with heat 
Little to extreme hairiness 
of vines and leaves, leaf 
size reduced, plants 

Spider mite Aceria sp. 
Not transmitted by 
grafting 

leaves; physiological 

Not known with 
certainty. Mites suspected 
more than virus. 

Uganda, Kenya 
Tanzania, Zaire and 
Rwanda 

Affected vines produce 
few tubers. 

Spraying with azobenzene 

stunted, necrosis of 
terminal buds; swelling of 
affected vines; varies 
with weather 

Bitter root Roots bitter to taste 
either raw or cooked. 
Sometimes there are 

Not known Not known Teso, Lango, West Nile 
and North Kigezi districts 
of Uganda. 

Affected tubers too bitter 
for eating. Yield appar
ently not affected 

Not known 

swellings on bitter roots 
possibly induced by insects. 
No external leaf symptoms. 
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1934, 1935) is apparently a disease of celery
which was transmitted artificially to sweet 
potato, 

The other common disease is feathery mottle 
(Doolittlc 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 diseases 
are identical. The virus particles identified in 
both diseases also appear very similar (Nome 
et al. 1974; Hollings et al. 1970) and both 
,iseases are masked by high temperature. 

Further, Alconero (1971) and Nome et al. 
(1974) have 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 internal 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 development of cork in the tubers 
(Nusbaum 1946a.b) which is associated with 
polyhedral virus particles (Salama et al. 1966).
A disease which in early literature (Harter 
1925; Harter and Whitney 1929) was described 
as mottle necrosis was apparently the same and 
was renamed "internal cork virus" disease 
when its etiology became known, 

Little leaf (van Velsen 1967), witches' 
broom (Murayania 1966). and ishuku-byo 
(Summers 1951) are all transmitted by leaf 
hoppers and are associated with mycoplasma-
like bodies (Lawson et al. 1970; Kahn et al. 
1972). They can be cured with antibiotics (So 
1973) and are therefore not virus diseases. 

Hardcore seems to be a disease of uncertain 
etiology. Daimes et al. (1974) have conducted 
experiments on it and concluded that it was 
related to chilling during the process of curing 
the tubers. When the tubers were cured at a 
temperature of 27 'C the disease did not de-
velop. But Harmond et al. (1974) noticed 
flexuous virus rod particles 700 nm long in 
roots and leaves aflected by hardcore. These 
workers do not specify whether or not the 
material they used contained a latent virus 
infection. 

Another disease affecting tubers is internal 
root necrosis (Nielsen and Harrow 1966). It 
causes lesions of a lighter colour than internal 

cork, isnot affected by temperature, and is not 
graft transmissible. Therefore it is probably a 
physiological condition. 

Erinose of sweet potatoes (Sheffield 1954), 
a common disease in East Africa, causes cx
tremc hairiness to vines and leaves of sweet 
potatoes and may lead to heavy losses in yield.
It is associated with spider mites (Aceria sp.), 
and Sheflield failed to transmit it by grafting. 
Affected vines recovered from the disease when 
they were fumigated with azobenzene. Hence 
available evidence suggests that the disease is 
caused by mites scnsu stricto. 

There is a disease in Uganda known as "bit
ter root" which makes the tubers unpalatable. 
The disease has not been investigated sufli
cientlv and its etiology is therefore unknown. 

Conclusion 

From the evidence, it appears that there are 
two distinct virus diseases of sweet potatoes: 
(I) 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) internal cork char
acterized by tubers containing necrotic regions 
surrounded by phelleni. 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; mites; physiological 
disorders; genetics (as in the case of bitter root). 

Information on sweet potato virus diseases 
has been derived largely from symptoniatology 
of sweet potato and other hosts, and from the 
mode of transmission. Only to a limited extent 
has this knowledge been based on electron
microscopy or serology. There is ai need for 
more electronmicroscopic and serological stud
ics of sweet potato viruses to verify the identity 
of each and to better understand the relation
ships between the diseases. 
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MUKIIBI: EFFECT OF MOSAIC ON YIELD IN UGANDA 

Effect of Mosaic on the Yield of
 
Sweet Potatoes in Uganda
 

J. Mukiibj' 
The sweet potato mosaic virus disease caused a 57% reduction in yield, both in termsof the weight and the number of root tubers produced by the sweet potato variety Kyebandula. The sample plots were grown at the Makerere University farm in Uganda. 

Sweet potato mosaic was first recorded in (c) 50%,Uganda by Hansford (I 944a) who noted that 
(d) 75% of the vines infected by

it was very severe in somc areas. Later he 
mosaic, and (e) plots planted with all infectedvines. The vines chosen for planting were 20published an account of his observations

(Hansford 1944b) 
30 cm long with 4-5 fully expanded leaves. Allon a trial of sweet potatoes the leaves infected vines had clear symponat Kawanda Research Station in which he toms of mosaic.noted that the effect of the disease was prob- The experiment consisted of four replicatesably high judging by the appearance of affected

plots. However he gave no data on the effect of 
and the plots were assigned within replicates in 

the disease on yield, 
a latin square design. The plots consisted offive rows 4.5 m long. The planting of the vinesSheffield (1953) surveyed the incidence of was performed as follows:the disease in Kenya, to obtain a propor-Uganda, Tanzania, tion of 25% infected plants, diseasedRwanda, and Zaire. While on onethis survey shewas informed plant was planted for every three healthythat the disease was probably plants, for 50%responsible for the degeneration of sweet 

every alternate plant was diseased, for threepotato varieties on peasant farms. This view 
75% infected plants were

planted, for every one healthy plant. The vineswas also expressed by Macdonald (1965) who were buried about 10 cm deep.thought that the rapid turnover of sweet potato
varieties in Uganda was probably due to virus 

The potatoes were harvested 150 days after
planting. During this perioddiseases. there was some
secondary spread by the virus ranging fromSheffield (1953) also learned that on a farm
in Eastern Zaire, 
11% for all healthy and 25% diseased, 16%
where sweet potatoes were for the 50% diseased, and 23%grown for 75% disto feed mine workers, yields had de- eased plantings.clined from 30 to 4 metric tons per hectare.
The growing of sweet potatoes on that farm
was later abandoned, apparently because ofvirus diseases. Results and Discussion 

Yet, The results are summarized in Table I,despite these observations, some cx- which shows that the average yieldtension workers feel that sweet potato virus per plot 
diseases did not cause much loss in Uganda. An 

was, as expected, lowest in those planted with
 
experiment was therefore conducted at the 

only infected vines and highest in plots planted
with only healthy vines. The disease causedMakerere University farm to establish the loss a
reduction in weight yield and number of tuberslikely to result from sweet potato virus infec-tions. of 57.1 and 57.3% respectively, in the totallyaffected vines. The yield was progressively re
duced as the proportion of the diseased vinesMaterials and Methods increased in the planting material. 

The sweet The fact that the percentage loss is aboutpotato variety Kyebandula wasplanted on ridges 90 cm 
equal both for weight of potatoes and numberapart and 30 cm be- of potatoes per plot indicates that the effect oftween plants. The experiment consisted of five the discase is to reduce the number of rootstreatments as follows: plots were planted (a)
with all vines apparently healthy, (b) 25%, 
which form tubers.
 

At the time of harvest, the incidence of the 
1Department of Crop Science, Makerere Uni-

disease had reached II c%in plots planted with
vcrsity, P.O. Box 7062, Kampala, Uganda. 

healthy vines alone. This level of disease musthave depressed the yield in those plots. This 
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Table I. Effect of planting various proportions of healthy and mosaic-infected 
sweet potato vines on the yield of sweet potatoes. 

Average 
weight of Average

";of mosaic potatoes per number of . loss , lossvines per plot plot (kg) tubers/plot in weight yield intubernumber 

0 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 89.5 47.3 36.7

100 8.9 60.4 57.1 57.3 

means that the true loss due to the disease was East African Agricultural Journal, 10, 1944b,
probably higher than 57%, perhaps about 126-127. 
60%. Macdonald. A. S. Variation in open pollinated

sweet potato seedlings in Buganda, East Africa. 
East African Agriculture and Forestry Journal,Hansford, C. G. Report by plant pathologist. In 31, 1965, 183-188.

Annual report for July 1943-June 1944, 1944a, Sheffield, F. M. L. Virus diseases of sweet potato5-7. in parts of Africa. Empire Journal of Experi-'A probable viru.%disease of sweet potatoes, mental Agriculture, 21, 1953, 184-190. 

Incidence, Symptomatology, and Transmission of a
 
Yam Virus in Nigeria
 

E. R. Terry' 
A Dioscorea spp. virus disease incidence was highest in field planting in lbadan on D.rotundata Ihohia variety. Field symptons included green vein-banding, shoestring, anddistortion. "he virus was transmitted mechanically, and by nymphs and winged adults ofthe cotton aphid .,tphi.%go,%.%ypii to seedlings of D. rotundata. Test plants in mechanical andvector transmission stidies 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 caused by a physiological imbalance in the 
reported mainly from West Africa and the plant.
Caribbean. but may probabIly occur in all yam- Some preliminary results on the incidence,
groving arcas of the \%olId (('oursey 1967). syliptoniatology. and transmission of a Dios-

In Nigeria, reports by Chant (1957) and COre'll spp. virus disease in Nigeria are pre-
Robertson (19'6 1) reported localized inci- sented. 
dences of avirus disease of 1). alata,cavenensis,
and rottindata. Infected pl.ants appeared
stutted, with proliferation of lateral buds
giving the plant a bu,,hv form. Foliar synlptonls Tubers harvested in 1974 from six varietiesconsisted of nmottling. vein-clearing. and some- of 1). roltundata ( .aoko, Boki, ihohia, Okumtimes lanceolation and distortion (Robertson ado. Iwo, and Uniudike) were planted at IITA161). in April-May 1975. Virus disease incidence

Robertson's ( 1961 ) attempts to transmit the \%as highest in Ihobia. with 51.9, 8.1 and 2.8%
agent b mechanical inoculattion were tsuc- of the plants manifesting green vein-banding,
cessful and he suggested that the disease was shoestring, and distortion respectively. There 

was considerable variation in varietal suscep-I1nternational Institute of Tropical Agriculture, tibility to the virus but it appeared that all
P.M.HI. 5320. ithadan, Nigeria. varieties were susceptible (Table I ). 
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Table I. Incidence of yarn virus disease on vegetatively propagated Discarea rotundara plants 
(IITA Ibadan 1975). 

Total GVi Shoestring Distortion and stunting 
Families No. No. % No. % No. C'I 

Laoko 20 I 5  -Boki 549 171 31.1 13 2.3Ihobia 2 0.36839 436 51.9 68 8.1 24 2.80Okunmodo 13 -  i 7.6  _Umudike 936 95 9.8 43 4.4 7 0.72Iwo 1154 278 24.0 5 0.43 6 0.51 

areas (Fig. 1); (2) shoestring and bushiness,
consisting of narrow lanceolate leaves 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.

Infected 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 iocuthnm 
Crude sap for mechanical inoculation was

prepared from infected plants manifesting ex
clusively one of the following symptoms: leaf 
mottling (MOT), green vein-banding (GViI),
shoestring (SS), or green vein-banding to
gether with distortion (iGVII/Dist). Inoculum 
from plants exhibiting each symptom type was
prepared by macerating 5 g of infected leaves 
in I ml buffer solLtion containing 01.05 Af,
p1-f 7.0 phosphate buffer and 0.01 M cysteine
hydrochloride (Ruppel ct al. 1966). Activated 
charcoal was added to the inoct lu during 
maceration. 

Test Plants 

Fig. I. Green vein-banding on Dioscorea Seeds obtained from female Iloki plants were
rotundata. germinated in petri dishes. Seedlings were latertransplanted in peat pots and grown under 

fluorescent light to the 3-leaf stage before 
Symlomtolgytratnsplatnting in sterilized soil in 5)015.The most consistent symptoms of virus in

fection during the growing season were: (I) Inoculation 
green vein-banding, which consisted of dark- Test seedlings were inoculated at tie 3-leafgreen leaf veins against light-green interveinal stage by rubbing carborundum-dusled leaves 
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Table 2. Mechanical transmission of yam virus to D. roiundata Boki variety 
(JITA Ibadan 1975). 

No. of tested No. of infected 
Virus source plants plants 

D. rotundra(GVIB) 

D. rotundata MOT) 
D. rotundata (SS) 
D. rotundata (GVB/DIST) 
Check 

with cheese-cloth pads dipped in the crude 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 'C, a mean 
relative humidity of 67-89,, and mean solar 
radiation of 57.4-89.2 cal/g cm-/day. 

Insect Transimission 
The cotton aphid, Ap'his gossypii (Glov.) 

(identified, courtesy of the Commonwealth In-
stitute of Intom1ology. London, England) was 
frequently observed infesting D. rotundata 
plants at IITA, and more often, a common 
weed (Cotnineina h)'n'ghah'nsix) growing 
anong ya in plants. A preliminary test to iden-
tify biological factois responsible for the rapid 
spread of the disease was Conducted by protect-
ing 25 disease-lice 1). rottundata 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 mottling sylmptols were observed on 
the tinprotected seedlings which were infested 
with A. go.i ypii 10 days after planting, whereas 
0 days after caging, all tile seedlings protected 
from insect infestation remained synlptom-
free. 

Nymphs and adults of A-.gosyvpii were 
reared on C. it'nahIcniv in cages. They' were 
given a .1-11 feeding ol infected D. ro-acces 
tundhi plants and then transferred to discase-
free secdling, for a 4-li inoculation feed. An 
elual numb-r of %iru-fice aphids were trans-
ferred to another set of seedlings from the same 
source anid allowed to feed for the sanie period. 
At the end of tle feedinig period they were re-
moved by a fine camel-hair brush. 
To determine the mininutm time required 

for inoculation by aphids after access feeding, a 

31 26 
31 2 
20 20 
23 15 
20 18 
47 0 

Symlptol 
expression 

G VB 
GVB/SS 
GVB
 
GVB
 
GIV1 

serial transfer study was conducted. Inocula
lion feeding periods were varied from I 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 clays. All of the untreated 
plants were s ,mptom-fre after 90 days. At
tempts to mechanically transmit the virus to an 
unidentified wild species, and also to D. pre
ti.sii andiD.dIta, were unsuccessful. 

Vector transmission studies indicate that A. 
iossylpii is a very eflicient vector of the virus 
(Table 3). All infected plants developed the 
characteristic green vein-banding symptom be
tween 7 to 15 days. In the serial transmission 
tests, only plants exposed to 1-min inoculation 
feeding developed typical sy'mptoms. The re
maining plants in the inoculation series were 
slptol-free. Both nynliphs and adtilts of A. 
govypii. were capable of transmitting the virus. 

In the mechanical inoculation tests, all in
fected test plants manifested the characteristic 
green vein-baiding between 7 and 13 days. On 
a few plants, however, leaf mottling preceded 
tile green vein-handing, and on two plants 
lateral shoot proliferation and shoestring were 
obscrved after 77 days. 

Under field conditions, leaf mottling is 
normally followed by green vein-lhanding, sug
gesting that the former is an early manifesta
tion of the disease btl 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 
(IITA Ibadan 1975). 

No. of tested 
Virus source phnts 

D. rotundata (GVB) 37 
D. rotundata(GVII) 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. cotuposita and D. fIori-
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. be-
ghalhnsis was relatively easy. Attempts have 

been made, however, to rear them onnot hen made, h e e th on caged
D. rotunlata.The ease svith wvhich A. gossvpi 
transmits the virus, and the level of field in-
festation of yam by this aphid indicate that it 

Inoculation 
period No. of infected Symptom
(rain) plants expression 

240 17 GVB
 
I 7 GVB
 

240 0 
1 0 

may play a role in the field spread of the dis
case. Transmission of the virus by nymphs after 
I min inoculation feeding, after which they 
appeared to lose infectivity in subsequent serial 
transfer, suggests a nonpersistent relationship 
between the virus and the aphid. 

Investigations are in progress to identify 
other yam-infesting insects that may also be 
vectors of the virus. 

Cliant, S. R. Ainnual Report, Federal Departnent 
of .4griciltiral Re.warch, Nigeria, 1954/55. 
1957. 

Coursey, D. G. Yams. l.ogni:ns Green & Co. 
L.td., London, 1967, 230 p. 

Robertson, D. G. ,ltiniual Report, Federal De
partnent of elgricultiral Re.warS, Nigeria, 
1959/60. 1961. 

,tnnual Report Federal Department of .gri
cultural Rem-ar/h, Nigeria, 1962/63. 1964.Ruppel, F. G., Delpin, I!., and Marlin, F. W. I're
liminary .Attdiesof a virus disee of.apogenin
producing Dio.worea.species in Puerto Rico. J. 
Agric. Univ. luerto Rico, 50, 1966, 151-157. 

Lipid Metabolism in Mosaic-Infected Cassava 
C. A. Ninan, Susan Abrahamt, L. Sandhyavathi flai, 

P. N. Chandrasekharan Nair, and Philomena Kuriachn' 
Two varieties of cassava. N14 and I1 165 (accession nulnbers M.67-01 and M.72- 10),

were selected for sludies on the lipid mciitab isni in cassava mosaic-infected plantk. There 
was a decrease in total lipids, pliuspholipids, and triglyceridcs in the leaves and petioles of 
both infected varieties. 

Diseases exert a profound influence (in the peach leaves. Accumulalion of asparagine was 
metabolism of the host plant. Diener ( 196(1) ao reported in maize plants infected by maize 
reported a high concentration of asparagine rough dwarf virus (flarpaz and Applebaum 
and glutamine in virus-infected cherry and I)61 ). Previous stutlics have shown that in 

mosaic-ii fected cassava, carbhhydrale and 
'Department of Botany, University of Kerala, nitrogen mclabolism are altcred due to the 

Trivandrum, India. 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 cassavaleaves. There was less magnesium and iron
than in healthy leaves, 

Materials and Methods 
Two varieties of cassava, N14 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 weredetermined. 

The tissues were extracted twice at 60 *C 
with ethanol-ether (3:1 v/v) for 2 h followedby chloroforln-nethanol extraction ( I : I v/v,
also twice). The extract was centrifuged each 
time at 15t0 g for 30 Themin. combined 
supernatant was matle up to a known volume 
with ethanol and samples usedlion of tile lipids. for the estima-

Total lipids were estimated by the gravi-
metric nelhod ( Brand 1963). Phospholipids
were determined by the Ackermann and Toro
(1963) methods. Triglycerides were estimated
using florisil colunn 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 14,
7.5 and 12.2"; : !. 165, 4 and 8.5" ). The 
percentage reduction in phospholipids in leavesand petioles %%a%: 14, 18 and 54.6%; 1-1.165,
1 and 72";,. There was a reduction in triglyc-
eride of I I and I QQ.in the leaves of N4 and11.1065 respectively, and of 39 and 28% in
petioles. 

Tlhe reduction in lipid metabolisml in cassaa
mosaic.infected cassava plants observed in this 
study may be tdue to the decreased synthesis or 

T'i IHandel, F.. and Zilversmit, D. B. Micronethod for direct determination of serum tri.
glycerides. J. Lab. Clin. Mcd. 50, 1957, 152
157. 

increased breakdown of lipids. Carbohydrate
metabolism is closely interrelated to lipid
metabolism: it is possible that the reduction incarbohydrate metabolism in cassava mosaic
infected plants may also be responsible for the
reduction in lipid metabolism. 

This study has been made possible through the
efforts of Prof A. Abraham, University of Kerala 
(now in the FAO) who had assembled a vast collection of germ plasm of root and tuber crops inthis department. We are grateful to him for access 
to this material. We are thankful toStates Department of Agriculture for 

the United 
a generous

grant which enabled us to maintain this valuable 
germ plasm for study. Thanks are also due to
Prof P. A. Kurup, Head of the Department ofBiochemistry, University of Kerala, for providing 
necessary facilities. 
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LEU: CASSAVA BACTERIAL BLIGHT IN TAIWAN 

Cassava Bacterial Blight in Taiwan 
L. S.Leu' 

Common bacterial blight, the most important cassava disease in Taiwan, was probablypresent before 1945. The disease is systemic in nature and transmitted primarily bycuttings contn.nminated with bacteria and secondarily by wind.borne water. Angular leafspots, wilting, defoliation, gum exudates on leaf lobe, stipule, stem, especially on the lattertwo, and death of plants are caused by vascular-invading bacterium Xanthionas nani.hotis, which confines itself to the genus Manihotis and shows poor survival ability in thesoil. The disease was induced by using bacterial suspension, dipping of healthy cuttings,injecting into young stems, spraying of whole plants, cutting leaves of young plants withcontaminated scissors, and pouring into injured roots of young plants. 

Cassava Manihot 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 arabic land is 915 000 ha.Cassava is the 8th largest crop in Taiwan next 
to rice, sweet potato, sugar cane, peanut, soybean, tea, and corn. Cassava is grown mostly
on marginal lands in mountain hills and slopes,
or in flat without irrigation. The totalareas 
yield is close to 330 000 tons annually with an 
average yield of 16 tons/ha where the crop isgrown 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 adhesive for eel feeding materials, textiles,
paper, and paperboards, or as raw materials forproducing glucose, antibiotics, and sodium
glutamate. The requirement for cassava starch
is still growing, 

Some parasitic fungi (Cercospora cassavae,
Colletotrichun ianihoticoa, Guignard1ia na-
niholticola, Irpex lacteus, Macrophoina cas-savae, Pellicidaria rol/sii, lPhoma mnanihotina, 
Phyllostiita cassavae, and Sch'rotinia scero-tiorum) of cassava have been reported (Sawada
1919, 1955). These and possibly others areprobably present in Taiwan. However, most donot cause serious damage except common
bacterial blight (CIAiB), asknown bacterial
wilt or "gumming disease" locally. Virus dis-eases do not cause any damage although occa-

sionally mosaic-like symptoms 
 can be seen 
on some introduced varieties, 

Serious damage from CAB was first noted 
at Puli, central Taiwan, 1963, though the dis-
case probably existed before 1945 (Malu 1951).Since then the disease has become island-wide, 

tPlant Pathology Division, Plant Protection
Center, Wufeng, Taichung 431, Taiwan, Republicof China. 

and some fields have been abandoned. The discase was caused by Xanthonon(as 1iianiholtis 
(l.eu and Chen 1972). 

Materials and Methods 

The diseased plants were collected mostly
from Puli and various other areas. The bacteria 
were isolated from diseased tissues or gum substances present within tissues on potato dex-
Irose agar (PDA) at room temperature or at26-30 "C in the incubator. After bacterial
colonies grew out 1-2 days later, they were
further streaked. Colonies which developed
from single cells were then transferred toPDA. The culture was renewed by new isolates 
or sometimes from the culture stored in thelaboratory or in a refrigerator or the bacterial 
suspension was absorbed by small brick pieces
and then kept dry in a refrigerator. 

Symptoms were described both from naturally infected plants and those of arlificially
inoculated ones. The materials were also usedfor histological studies. loth paraffin and free 
hand sections were observed. 

For inoculation, a thick bacterial suspension
prepared from the culture on PDA was intro
duced to cuttings: (I ) by dipping the clttings
for 1-2 niun, draining and planting; and also for

l-2-month-old plants, (2) 
 hy injecting below
the apical meristem; (3) by spraying on leavesal dusk: or (4) by pouring the bacterial suspen
sion into an injured root. "Wtu-('hi," the llost
widely cultivated variety, was used exclusively 
except as otherwise mentioned. Cutting ofleaves by contaminated scissors was also !ried.

Survival of the bacteiia in the soil was de.termined by planting healthy cuttings into flats 
prepared: ( I) by pouring the bacterial suspen
sion into wet soil; and (2) by mixing soil wilhsliced diseased plantlets.

For morphological studies, the hacteria were 
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shadowed with chromium tungstic oxide and of injection and then spread to upper parts ofobserved by clectronmicroscopc. The samples stems and stipules. Infection was high andwere prepared from those inoculated on PDA usually reached 100%.at 26 °C for 24 h. Physiological studies fol- After spraying, wilting and Rumming oflowed standard methods. Thermal depth point plants occurred in 10-20 days. AL ut 10% ofwas determined by pipetting bacterial suspen- the inoculated plants left uncovered died, andsion into a I-mm diameter glass tube, scaling 90-100% of those covered with plastic bagsthe end, and treating in a temperature-adjusted died after inoculation.water bath for 10 min. Water soaking symptoms were not observed 

when very young plants were uncovered, and 
Results were not conspicuous even when covered with 

a plastic bag. However, water soaking lesionsMore than 80% of 150 pieces of tissues grew were clear when robust growing plants weremucoid and colourless colonies on PDA inoculated and covered with a plastic bag. The1-3 days after isolation. After single cell cul- lesions developed to angular leaf spots a fewtures, more than 30 isolates were tested for days after inoculation (Fig. 3). Gum exudatestheir pathogenicity by injecting the bacterial also occurred from angular spots when hususpension near the apical meristem. No ditler- midity was high. Angular leaf spots sometimesences in pathogenicity were observed, coalesced and formed necrotic bands. Gum.After the dipped cuttings sprouted to 1-6 cm ming on stipules and stems followed and wiltor 10 cm high, the leaves wilted and the plant- then occurred. Plants grown in rich soil showedlets died in a few days. Before death, gum was recovery after a few leaves wilted and deexuded on the stipules and the stem, being foliated; however, gum exuded heavily onwhite at the beginning and changing to golden 
the 

stem tissues. Recovery of diseased plantsyellow and then brown. The gum exudates 
also 

took place in newly planted fields rotated withswelled and turned "spongy" and white when summer radish. Heavy manure had been apwater was available ( Fig. 5). The bacteria plied and resulted in less disease.
within "spongy" exudates were 

wind-borne rain to 

thus spread by Pouring the bacterial suspension onto thenearby plants. The tissues injured root caused wilting and death of thewhere gmn protruded were sunken, irregular, plants 3-4 weeks after inoculation in the sumspindled hut enlarged longitudinally, turned to mer. Only I out of 5 plants was infected inpurplish and finally blackened and caused thedeath of tile 
each of two tests. Symptoms developed mostlyplants by girdling the stem. The near apical young tissues even in rather small 

same syndrone was observed when tileplant plants (15-20 cm high).
was derived from bacteria-contarin ated cut-tings. Leaf blades cut with bacteria-containinatedscissors wilted and defoliated without gum-In larger plants, wilting occurred totally or riing. The leaves later wilted, sometimeslaterally. \Vhcn dcalh of cxplants was not so tiding gun on stipules and sterns. Plantlets diedacite, luds fron each iode sprouted in sitLi bilt in 1-2 ionths after inocuation. However,then Willed. died, and tlsuallv exuded gum1.

(iulirn cxudatc colild .luso 
death occurred faster in sonic varieties, correbe observed on green lating well with their degree of resistance in thecapsules, but seeds were gun-free. t)iscolora- field.lion of Vascullr tiNsues could be observed on For screening resistant varieties, cuttings ofthe steln ,ildalso on vascular lissues o1 swollen dilferent varieties wNcre dipped into the bacroots ( Fig. 6). Iliose\ er, no destruct'ion of root terial suspension aid then planted. All 21and gum Ctlialtes was olbscved,. tested varieties showed 50-100% infection. On'he diseased plants could be obvCr\'ed average. 75.21'thr'oughoti all scilsonls, although epidemnics 

of plants wilted and died, al
oc- though 67% of the widely cultivated varietycur shen plants are .olng and the \cat her is "Wu-Chi" wilted and died. For some other tinwarn and \tcl ,i\ltich-,Nmosember). In wari tested ''arielics. all showved symptons and high\O.inter, guirn cxuudMite could be obsei\ed oii disease incidence including Brazil No. 4,Inlatured lislcs of the Steil, particularly ill lost range of the bacterium was confined toBrazil No. 4 satiiety. cassava. Injections near the apical meristem ofWhen plants were injected with bacterial the seedlings of tonlalo. waternielon, lettuce.%uispension,gtullisially eLuded from the point cicumber, sorghuml, and lima bean, and also 
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Fig. 1 Free-hand section shosts black-coloured sub.itanlcis filling soin of tiu' litegrate'd veissels. Fig, 2.Free-Iad section s/iou's black-coloured siubstances.filling vv.l.vlA (andparanllvinhlus cellsi. Jig. 3.Angular leaf spots on ra.%sava leaf; note guon exudow i'n the *yots (iuiated by alrrow)j. Jig. 4. Polaruniflagellated cell.%of Xantlio,,,onas inanihotis. Fig. 5. huin exrudate Allowing ';spongy" area. Fig. 6.Vascular bundles turned black in root of diseased plant (D) but itilite in hlealthly plant (II). 

into trees (Bischofia trifoliata, Codiacuiin rie- chopped anid mixed with thle %oil. f l)wever, itgaluni, and Euphiorbia plclu'rrima) all failed the cuttings were planted I or 2 weeks later, noto show symptoms. Negative results were also symiptoms appeared. '[hfe experiences in tiheobtained by pouring the bacterial SUSpension field also demlonstrated that not all replantedinto the injured roots of the above-mientioned cuttings oil thle rogoned sites of tile wilted plantsscedling plants. showed symltoms.
Ability of the causal bacterium in thie soil to CullJ could be transmitted primarily by bacinduce the disease showed that either 3 out of 9 teria-coltaminated cuttings and secoindarily hyor 2 out of 12 plants wilted and died respee- wind-borne water carrying bacteria, H-owever,lively, soon after cuttings were planted inl thle somte insects may tranismit the disease, such asflat. The bacterial suspension was poured and bees.

mixed with soil and infectcd plants were LosseS Caused by CB differed from field to 
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Fig. 7 Paralfin section shows "pocket" in the 
stipules. 

field. In the most severe cases, the field had to 
he abandoned. Some 30% loss was experienced
where the disease was endemic. Control icas-
ures such as precaution in selecting healthy
cuttings and roguing of the young liscased 
plants were practiced. 

Histological studies revealed that vessels 
were attacked, with brownish black substances 
filling some of them and nearby parenchyma
tois cells in the vicinity of the pith (Fig. 2). In 
phlloem cells similar substances were also ob-served. Some vessels disintegrated and dis-
solved (Fig. I ), presumably by enzymatic
action, The dissolution of the tissues ini-was 
tially along outer ve.scls but then expanding
and forming a pocket. Several pockets were o)-
served in the same cross section (Fig. 7). As 
tht pocket enlagetl, the epidermis erupted and 
guln substances containing polysaccharides and
the bacteria were excreted. litlh tissues were 
free from infection and remained inlact (Fig. 
1-2). 

The bacteritn is rod-shaped with round 
ends, unillagellated at polar (Fig. 4), no cap-
sule, grain-negalive but tended be positiveto 

when aged. Avcrage measurement 
was 0.9-1.5 
x 1.8-3.2 pin. 

The bacteriun grew poorly on nutrient agar,
circular, convex, entire, and filiform on agar
stroke, no odour, wilhoutl iuiorescence, milkv 
wvhite in colour, and slickv. 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 left 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% 

Very weak growth and a slight acid produc
tion were obtained with dextrose, sucrose,n-xylose, D-fructose, arabinose, and cellobiose. 
Lactose gave no growth, and the starch was 
hydrolyzed. In litmus milk, growth was slow 
and a slight reduction occurred. Liquefaction
began on the ninth day. Indol was not formed 
even being cultivated for 15 days, but hydrogen sulfide formed in 6-7 days (opposite re
stilts were obtained by C. T. Chen, from different isolates; personal communication 1975). 
Nitrates could not be used. Catalase reaction 
was positive; also positive for cytochrome
oxidase; Voges-Proskauer reaction was nega
tive. 

No visible mutants, or changes in patho
genicity, were noted. Older (1 month to several 
months) cultures in the laboratory, and recul
tures (1-4 years), all induced the same degree
of disease incidence as those of freshly isolated 
cultures. 

Discussion 
There have been four bacterial diseases in 

cassava in the world (Elliott 1951). Symp
tomatology of the disease and morphology and 
physiology of the bacterium all indicated that

the disease studied 
was caused by 1". nmanihotis,
thus the name common bacterial blight was
 
applied. CBB has been reported in Central and
 
South America, and some 
 parts of Africa
(L.ozano 1975). Detailed studies on this dis
ease have been reported (Lozano and Sequcira 
19 74a, b). 

Since no resistant germ plasm is present in 
Taiwan. we are unable to control the disease by
usinc resistant cultivars. Through the courtesy
of ('IAT. we introduced some cassava seeds in
eluding those with resistance from crosses with 
M Col 647 in August 1975. Seedlings were 
raised and screening for resistance is tinder 
way. Recommended control methods such as
using bacteria-free planting materials, roguing
the diseased plants, rotation with other crops,
avoiding the overlapping of the I- and 2-year
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old crops, are all difficult to practice effectively, 
except roguing. Distribution of the bacteria-
free planting materials is scheduled to he 
planted by using the tip rooting method for 
local varicties. 

Microbial gum composed of D-glucose, 1-
mannosC, D-glucuronic acid, acetic acid, and 
pyruvic acid (Chen and Tsou 1974) is pro-
duced by X. nianihotis in a sucrose medium. It 
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 gume proably puRots he l bacteriaThe gum probably protects the live bacteriawhen it is dry and releases the bacteria when 
it is wet. 

This systemic bacterial disease is the biggest 
problem for cassava growers in -aiwan at the 
present time. 
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Factors Affecting the Incidence of Cassava
 
Bacterial Blight in Africa
 

E. R. Terry' 
Cassava bacterial blight (Xanthonionas manihotis) is a widespread and damagingdisease in Africa. Its severity in Africa varies with locality and climatic conditions.

Factors that may alfect its severity are soil type. climnute, cultural practic,:.i, and varieties. 
Distribution and economic importance of ('1111 in Africa, and results o.' epidemiological
studies, are included. 

Cassava bacterial blight (CII), caused by 
Xanthomonas manihotis, is a widespread and 
damaging disease in several countries of South 
America, Africa, and Asia (1Lozano and Booth 
1974). In Africa, it was first reported in Ni-
geria (Williams et al. 1973) and stt settently 
in Zaire (Hahn and Williams 1973), ('ameroon
(Terry and Ezutmah 1974), and Ghana and 
Togo (Persley unpublished data), 

The extent of damage caused by ClIII varies 
with locality and climate. The regions most 
severely affected are probably Zaire and mid-

linternational Institute of Tropical Agricullure,
P.M.B. 5320, lbadan, Nigeria. 

western and eastern Nigeria. In West Africa, 
it is more prevalent dtring the rainy season 
(April-September). 

The epidemiology of a disease may be 
affected by several, often interrelated, factors 
including soil type, climate, cultural practices, 
and crop variety. 

'Ihe following terms are used according to 
definitiots proposed by the Federation of lrit
ish Plant Pathologists (1973): Incidence 
frequency of occtirrence of disease, expressed 
as the proportion of plant affecled in a given 
population; Severity ----intensity of disease in 
an inlividtal plant expressed as a rating on a 
numerical scale, 
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Table I. Effect of soil type and fertilizer application on CBB incidence in 
box experiment. 

% Plants infecteda % Plants deada 
Soil type Control Fertilizer" Control Fertilizerb 

Egbeda 
 74 45 63 35Ogbomosho 90 90 70 63Warrie 74 74 74 63 
ATwko replic tcs, tO tits per replicate."Fcrtilizer: N(Urea): 200 ppil N. S(SSP): 100 ppm P; K(KCL): 100 ppm K.Clime added to Warri soirat rate of I ton CarO1-)2/ha. 

Soils 
Field Observations 

Surveys conducted in Nigeria and Zaire sug-
gest that moreCBB is severe on cassava
planted on infertile, sandy soils (Ezunah and
Terry 1974). Glaser and Ogbogu (1974) also 
report that in Nigeria the disease causes greater 
crop loss on sandy soils and in fields under 
continuous cassava. 

Effcis of Soil Toposequence 

Cassava variety Ojunkaiye was planted at 
I1TA in mid March 1975 on six 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 platits ,ec infected naturally wyith C1IB 
and by August they showed severe symptoms.
individual plants w%-ere then rated for severity 
on a 0-5 scale: t). no symptons: I. angular
leaf Spots: 2. leaf wili. gutm exudation: 3. de-
foliation; 4. soome tip die-back; 5. death. The 
mean rating of totur replicae, wa, taken as
tie disease index for eatch toposequence. 
Groundwater le\cls \erc monitored at several 
positions on the slope at 4-da' intervals dur-
ing tie seasoll. 

Resuls 
There is a s tatlistically :,ignilicant ditference 

(p ().tll)illdisease incidence between 
platts growing iti \\aterlogged soil at the bot-
tom of the slope (disease index 2.2) and thosein better-drained soil irtlher up tile slope
(4.4). Plants iii waterlogged soil were smaller 
and le,vigorous, bt t liere was less defoliation 
and death die to ('1. Soil niloisturc changes
along this slope were confounded with soil tcx-
ture; wet soils near tilebottom w\'ere sandy 

oarns whereas the drier soils near the top were 
loamy sands. 

Greenhouse Experiments 
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 10 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 
:n indicator for ('13B. 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 significant dif

ferences among soil treatments in the pot ex
periment. However. there was a trend towards 
less infection and death in fertilized than in

nfertilized soil for all soil types, especially in
 

\Varri soil.
 
In the box experiment (Table I). there were


significant differences (p 0.01) among soil
 
types and NPK treatments. There were 
fewerinfected and dead plants in the Egbeda soil 
than in the Oghomosho and Warri soils.
Sitnilarly, 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 growvtn iii low-nutrient soils.
[he indication that tie addition of NPK fer
tilizers may decrL.,se the number of plants
killed by CBB has implications for disease
control and eflicient resistance screening, and 
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Fig. 1. (a) Seasonal distribution of leaf spots on 
Isunikakiyan; (h) nimohy rainfall at IlTA, Tbmhow; 
(c)dew deposit disiribilion,at I/TA, Tadan (dta far
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, 

Climate 
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

and dew deposit were recorded. 

Results 
The seasonal distribution of CBB is illus

trated in Fig. la and 2a. The total monthly 
rainfall (Fig. Ib), dew deposit (Fig. le),
monthly relative humidity (Fig. 2b), and 
monthly mean temperature (Fig. 2c) are com

with the disease distribution. 
There was a decrease in the incidence ofangular leaf spots after the rains subsided in 

November. Leaf spot incidence remained low 
fo . Mrh.from November until March and then beganto increase in April, and continued to do sountil August of the following year. This cycle 
appears to be correlated with rainfall distribution, although the disease did not increase until 
about I month after the rains began in March. 

the dry season (Novemher-March), 

dew deposit is an important source of leaf wet
ness (Fig. Ic) and is probably a vital factor 
in providing sufficient moisture for some bac
teria to remain viable during this period. 

Cultural Practices 

effects of culturol practices on the de
of CBB were investigated. The practices considered were: (I) planting material: 

disease-free plants were raised by rooting shoot 
tips under mist, using the Lozavo and Wholey 
(1974) method. These were compared with 
plants grown from infected cuttings, both being
established in the field 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 kg/ha of each, was applied 
to the soil before the disease-free plants were 
transplanted. For cuttings, a mixture of 
"Lasso" (Alachlor) and "Cotoran" (Fluome
turon) at I and 1.5 kg/ha, respectively, was 
applied to the soil as a preemergence 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 (11i1 incidence was 
compared with that of hand-weeding. 

Results 
An average of 9.7 plants out of 24 per plot 
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raised from disease-free material showed CBB 
symptoms 55 days after planting, compared
to only 3.6 rai~ed from infected cuttinF ,.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 initially more susceptible
to infection than cuttings and should first be 
established in an area free of CBB if they are 

be used as a source of disease-free planting
material. 

the hoe-weeding treatment performed 50 
days after planting, there was a significant dif
ference (p = 0.01) in CBB incidence beforeweeding and 6 days after. A mean of 4.5 plants 

symptoms the day before weeding, whereas 6 
after weeding, the mean had increased to8.8. No such differences were observed when 

the plots were weeded 80 days after planting.
0This high incidnce of CBB after weeding wasprobably due to mechanical spread of bacteria 

during weeding. 
versus non-mulching and hoe

versus chemical weed control had no 
significant effects on CBB incidence. 

Varieties 
The incidence and severity of CBB on three 

(Isunikakiyan, 60444, and 53101) 
were compared. All three varieties were 
planted in October 1974 in a 3 X 3 Latin 
square, with 8 replicates and 15 plants per plot. 

Incidence was measured as the number of
infected plants per plot. Severity was assessed 
on a 1-5 scale, where I represented no symp

2 angular leaf spots; 3 extensive wilting; 
4 defoliation and partial die-back; 5 death. 

Ratings were made 5, 7, 9.and II months 
after planting and root yields were recorded 
after 12 months. These yields were compared
to the average yield obtained from these
 
varieties at IlTA in October 1972 after 
 12months growth, during which time the incidence and severity of bacterial blight was low. 

The disease ratings recorded in September(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 

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 least partially responsible. 

Resistance Screening 
Varieties were rated on a 1-5 scale of in
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Table 2. Effects of CBB on yield. 

Yield YieldInci- Sever- (1975) (1972)Variety dence& ityb (t/ha) (t/ha) 

Isunikakiyan 13.8 2.8 12.2 19 
604444 14.7 3.2 8.8 2153101 13.6 2.9 9.7 20 

Mean number of infected plants out of 15 per plot.b -5 scale of increasing severity (see text). 

creasing severity after natural infection at four 
sites in Nigeria and one in Za'ire.The ratings of selected clones at three 
Nigerian sites are recorded in Table 3. At 
Warri (midwestern Nigeria), 7, 36, 45, and12% 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 IITA and M'Vauzi (Zaire) during
the 1975 season are summarized in Table 4. 
More than one half of the IITA families were
rated I (no symptoms) and 2 (angular leaf 
spots only), suggesting that breeding has con-
siderably improved the resistance of thesefamilies to CBB. 

Discussion 
The above results indicate that soil type and

fertilizer levels 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 bacterial wilt of tomatoes (caused by
Pseudomonas soltacearion) 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. 

% Clones
Disease Mokwa Warn Umudike 

rating (north) (midwest) (east) 

I 10.0 3.6 0.0
2 82.5 72.6 64.13 5.5 17.4 30.54 2.0 5.7 5.0
5 0.0 0.7 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. 

Applications of high levels of nitrogen or
unsuitable combinations of N, P, and K in
crease the severity of bacterial leaf blight of
rice, caused by Xanthuniomns orvzae, while 
potassium decreases it (Mizukami and Waki
moto 1969). This decrease is more severe onsandy loam or clay soils than sandy soil, in 
contrast to the situation with cassava bacterial 
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 effecthas been seen in a resistance trial (Jennings,
personal communication). The less vigorous
plants may be less attractive to insect vectors;
however this observation needs to be more 
closely investigated. 

Reports by Rotem 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. Ic) 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 bacterial blight resistance screening, 1975 season 

Location Source 

Nigeria 

Zaire 

Exotic 
Crosses from advanced yield trial
Open-pollinated preliminary yield trial 
Low HCN 
Zaire locals 
IITA families 

No. 
families 

73 
115 
310 
107 
187 
164 

Disease rating
 
I 2 3 4 5
 

- - - 89.8 10.9 
0.8 2.6 19.1 76.5 0.8 
1.2 4.1 18.0 76.4 
- 0.9 6.5 92.5 
- 2.6 28.5 39.1 29.6 

13.4 40.8 35.3 10.3 
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viding a source of moisture for any bacteria 
surviving on the leaves. 

During hot and dry conditions, the micro-
clinate in the field becomes the decisive factor 
alfecting disease development, since thle less 
favourable the microclimate, the more impor-
lant becomes the macroclimate (1Palti and 
Rotem 1973). 

It is ditlicult to isolate a single climatic fac-
tor when considering its effects on disease de-
velopment because the optinun conditions 
for the disease depend upon a complex of 
climatic factors. Extensive studies over several 
years with Xi'. orv:ei~ on rice ia 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 (Mizukami and 
Wakimoto 1969). An analogous situation 
probably exists for ('1111 with some 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 elfects of environmental 
factors on ('1li incidence an11d severity, the 
variability of tilepathogen, anId dilerences in 
varietal reaction of cassava to tilepathogen. 
A better understanding of these factors isto enable us to modify the farmingnecessary t l t a rin gfllab o p 
system so as to favour tie crop aind not its 
pathogen. 
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Effect of Potassium and Bacterial Blight on the Yield and
 
Chemical Composition of Cassava Cultivars
 

G. 0. Obigbesan and E. 0. Matuluko 
Studies on cassava cultivars having different levels of susceptibility to bacterial blightcaused by Xaithoonasmanihotis revealed that the infection exerted differential influence on the mincral nutrient and starch contents of the cultivars. The disease caused a reduction in the nacronutrient content, led to a higher accumulation of micronulrients in thediseased leaves, and adversely affected the tuber quality by lowering the percentage starchcontent, Despite the relatively greater tolerance of tile60506 cultivar, bacterial blight

significantly reduced its tuber and starch yields. 

Cassava is an important source of food Materials and Methods 
energy for millions of people in the tropics,
and there is an ever-increasing demand for Our observations were made on a cassava cassava starch in the textile and chemical in- fertilizer experiment Willi potassium starled illdustry. It is also used as livestock feed. To 
maximize yields it is imperative to have ade-
quate knowledge of the factors limiting pro-
duction. Thus concerted erorts are being made 
to better undersland the nature and action of 
cassava bacterial blight, the most devastating
of the several bacterial diseases of cassava. 

CBB is now recognized as one of* the most
important factors limiting cassava produclion.
It was first recorded in Bra/il (ilondar 1912)
and has since been reported in sevsesral other 
countries in South Amterica and Africa 
(Lozano 1973). Its occurrence in Nigeria was 
first observed in 1971. and has since assuled 

southern part of the country, especially in the 
East Central State. IBetveen I972 and 1973 
loss of crops due 1t)this discase was slimatted 
at about 25 million Naira (abtit $39 million 
US) (Ene and Agbo 1974). In Nigeria and 
Za're, where cassava produiction is highest itt 
Africa, bacterial blight is . potentially more 
serious disease than mosaic, which might inot 
result in complete loss of the crop. 

The symptoms were similar everywhere the 
disease had been observed, inclding angular
leaf spotting and blight, wilting. tip dieback, 
copious gun exudation and vaiscLlar necrosis 
of sten and roots (Alnon 1973 ).('assava blight
bacterium is host 

1973. The detailed procedure was described 
by Adeniji and Obigbesan (1975). It involved 
two cassava cultivars, 53101 and 6)506, of 
varying stsceptibility to bacterial blight. Oh
servalions Were made and records were taken 
bclwcer October and November 197-1 when 
the incidence of infeclion was most severe at 
the site. 
The following symptons are chariterislic 

of the disease: angular leaf spolitng, willing, 
gtllicxLdalii Itlltle itthe base ofo itode 
petiole. def diattion a ti tlPie back. 'Ihese were 
used in assessing the degree of infection. Sitnce 
mainly the top portions of the planis were alepidemic proportions in certain areas of tile fected, observations were mtade beginning at 
the second poiint of bifttrcation of each stem. 
1lhe number of infected branches on each 
plat, as well ;is the lotal iutib:ter of bratnches 
1)cr plait, were recorded. Ihere were a total 
of 32 plots. The treatmints were flour levels of 
pola,,sh (0. 6(0, 90, anid 120 kg K(O/ha with 
two cassava ctlltivars and four replications. 
Pcrcentagc infcction o11filte each pltPlllts ill 

was calctulated. 'lie degree tf iifcctiot iintle 
ftour replicates ofl each ireatliicitwas then 
copteld to ohtaiii tile fiial icaum estinmate of 
infection. Ifieplants were hat vested in I)cccn
her 1974 (age 15 
slemiis. aid lease in 

specific (foLnd olly oil 'fihe ntirient content 
cassava). Its spread may be related to rainfall ctnt"tiit of the tubers 
patterns (Arctic 1974), but the epidetiology veotlionlal mtieliods.
in Nigeria is as yet unknown. Since the disease 

mioilhs) ainl tie tihers, 
cach pl,1twere weighed. 
in the leaves aid starch 
sscc dcterniiiied by con

is laiily new illNigeria, 
it is not clear what litiieis the mutst appripriate'Department of Agronomy, University of to collect data. We thercfore concentrated onIbadan, Ibadan, Nigeria. areas where infection was most severe. ),ur
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Table 1. Influence of CBB on starch content and yield of two cassava cultivars.
 

Degree of 
infection (';) 

62 
66 
69 
70 

53101 

Starch Yield 
content (I") (t/ha) 

24 25 
22 24 
21 20 
22 20 

ing the 2-week observation period, we noted 
that some infected plants developed new leaves. 
We assumed that branches with new growth 
were infected. 

Results and Discussion 
Tuber Yields 

cassava cul-
tivars in relation to the severity of bacterial 
infection. The dta1 reflect the obvious greater 
susceptibility of the 531011 (iean infection 
67.2% ) compared with 0506 cultivar (mean 
infection 43.9'; ). as well as the relatively 

higher tuber yield potcntial of tile latter (nican 
yield 33.8 t/ha) compared with the former, 
53101 (mean yield 22.2 t/ha). The negative
correlation cocilicient between the intensity of 

bacterial blight and tuber yields (r -0.13 for 
53101 and r -0.60 for 00506) with a pooled 
average of r -0.70, indicate that increasing
bacterial infection signidicatly depressed cis-

sava yields. 
In the absence of cassava bacterial blight. 

mosaic disease probably reduces cassava yields
by about 30)% in Nigeria and by up to 43%in last A3ric;a ( erckand ('ayt 19ti8). Cur-

renlly cultivated cassava varieties in the coun-
try are not free from mosaic disease but yield 
losses through baclerial infestation could still 
he determined since mosaic disease is a com-

mon factor aniong them. Tuber yields of 53101 
were not signilicantmtv reduced by blight al-
though the plants showed a higher percentage 

of infection than the 60506 cultivar. 

Starch ContentTile starch content of tile cassavaltubers in 

60506 

Degree of 
infection (";) 

Starch 
content (';) 

Yield 
(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% level in 53101 while it was 
not significant in 60506 (po.o5 = 0.4973). 
Under the circumstances, tie relationship be
tween the bacterial blight infection and percent 
tuber starch content (Y) was given by the 
linear regression equations, 

qt,
Y 28.15-0.08X (53101) and 
Y 22.34 -0.03X (60506), where X is the 

percentage of plants showing characteristic 
blight symptoms. 

Further evidence that tile bacterial blight in 
elfect lowered the percentage starch content of 

cassava tubers it 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, 

;rad reaches its maximum after 15-18 months 

(Obigbesan and Agboola 1973; Rosanow 
1973). There was an average reduction of be
tween 5"; (53101) and 7% (60506) in 
tuber starch content of ('B-infected plants 

(Table 2). 
The effects of potash and bacterial blight on 

tile starch yields of the cassava cultivars har
vested at 1 2 aiid 15 months after planting are 

presented in Table 2. Tile decrease in percent 
starch contenit tiltimiatelyv led to a reduction in 
starch yields (Table 2). The data in this table 
also show that onily at 90 kgK.,O/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 

The tarh o essaa tber ~n('lilt could be reduced.cntet tle 
relation to baceterial infection is shown ill Table 

1. There were negalive correlation coefficient s,
 
r -0.5') (53101) and r -0.24 (60506)
 
between the percent infection and tuber starch The mineral contents of randomly sampled
 
coltent, thus indicating that bacterial blight healthy and diseased leaves showed that
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Table 2. Influence of K and potash and CII1 on the starch yield of cassava cultivars. 

Age at harvest: 

Cultivar: 

Incidence of infection: 

0kgKzO/ha 
60 kgK 20/ha
90 kgK O/ha
120 kgK 2O/ha 

Influence of K on percent starch Influence of potash on starch 

content of peeled tuber yields (kg/ha) 
12 months 15 ,tonths 12 monthis 15 months 

53101 60506 53101 60506 53101 60506 53101 60506 
None None 67.2'; 43.9";. None None 67.2' ; .1.9'; 

29 28 
29 29 
26 28 
24 27 

the healthy leaves contained higher amounts 
of macronutrients (N-P-K-Mg) but lower 
amounts of micronutrients (Fe, Zn, Mn) than 
the diseased leaves. 

Lower concentration of macronutrients in Anonymous. Bacterial wilt di.se.e of co..m'a. Ad
the infected leaves should obviously he ex-
pected since the acropetal transportation of
nutrients would be disrupted, among other 
things, by the gum exudates oozing out of tie 
node at the base of the petiole. More work is 
needed to explain the higher concentration of 
micronutrients in the same diseased leaves.* 
Both phenomena, however, point to the physi-

plant itslf. 

Conclusion 
The observations reported in this paper are 

in no way exhaustive. They do illustrate tie 
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 ie
starch and chip industries require tubers with 
high starch content. The disorder in nutrient 
status (nu rient imbalance) of infected leaves, 
resulting from a drastic redicti n in tihe con-
centration of macronutrients (N content was 
reduced by about 12%, 11by 24 ;.K by 17; 
and Mg by 7%,) and higher accumulation of 
micronutricnts (e.g. Zn content by abiitutrose 
23%. Mn by 7 r ). may lead to toxicity and 
decreased resistance to other diseases. The dif-
ferent cultivars exhibit different degrees of 
tolerance to blight. Thus a conbiniation of 
blight-tolerant (resistant ) varieties a nrddisease-
free planting material would reduce losses in
large-scale cassava production. 

21 20 3770 5610 3505 5.130
22 21 4260 6020 3658 5955
24 23 4360 6t025 4886 7350
22 19 4690 559 4300 1)10 
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World l)istribution, Identification, and Control
 
of Cassava Pests
 

Anthony C. Bellotti and Aart van Schoonhoven'
 

Numerous insect and mite pests have been identified as attacking cassava. These pests 
represent a1wide range of insect fauina; more than 100 species have been recorded. Many 
of these ie minor pests and cause little or no economic losses. lowever recent research 
has shown that sevelal pests can cause crop losses and must te classified as major pests. 
These include niiles, thrips. steiboers. whitellics, hornworms, scale insects, and white
grubs. Many pests. such as mites. whiteflics. scales. whitegribs, stemborers. ants, termites. 
are distributed world wide. Others arc local pests or limited to one or two continents. 
Chemical control of ca ssava pests is uneconomical in many aicas where it is a low value 
crop. Pesticides aire expensive and their continual ise is impractical for a long season crop 
such as cassava. iEm1plhasis should bc directed loward the use of resistant varieties, biologi
cal control. and ilproved ctlliural practices. Strict qulrmanti tic practices should be enforced 
to prevent the spread of cassava pests into areas where they are not present. 

Insects ind mites are limiting factors in 
cassiva production. "1hew recent introduction. 
and consequent out bteak. 01 the mile Alorno-
ny-chellh. tanojoa in Vest Atrica has caused 
seriotis crop losses. [his is ample evidence for 
the need for extenlsie research on cassa'a 
pests, knowledge 01 their geographic distribt-
tion and the dallage they cause. and the estab-
lishment of ain ellective pest-management 
program. 

CI AT has been able to collect much of the 
available literatutre on cassam a, and it is now 
possible for its to get a global view of pest 
problems. ihelte are nutmecrotlis pests that attack 
cassav'a :and thev represetnt a wide range of 
insect Manityna.ireNa of minor itnportance 
and callse little or lno ecomllic losses, while 
others can cause considerable damage. 

Insects Attacking Vegetative 

Planting Material 


Cassava is propagated by vegetaltive stem 
cuttings. The planting ol insect-free and un-

t Ccntro Internacional de Agricultura Tropical, 
Apartado A~reo 67-13, Cali, Colombia. 

damaged ctttings is most imporlant. 
Infestation of cuttings by white scale 

Aotnidomytilux alhus can reduce germination 
up to 5t)';,. Il cstCd cuittings were dipped in 
insecticide solutions. but they still germinated 
poorly. Ve recommend that scale-infested cut
tings not be utsed as propagation material. 

The cassava fruitllies A nastrepha pickeli and 
A. maiihoti cause damage to stems by intro
ducing secondary bacterial rots, which may 
cause reduction in yield and the loss of stake 
planting material. Infested stakes are easily dis
tingttishable by the darkened and rotted pith 
region of the stem. Infected cuttings should not 
be Used as propagating miaterial. 

Pregerniination and Postgermination
Damage to Cuttings and 

Young Plants 
Stem cuttings and young germinating plants 

are subject to attack by several insects. includ
ing whitegrubs (Leuto p holis roridlaand Phvl-
Iophaga sp. (Colcoptera Family Scarabeidae, 
Cerabillycidae) ). 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/1112) ap-
plied below the cutting in the soil. Insecticidal 
dip treatments have not proved as successful as
soil application. A mtiscardine fungus Aletar-
rhizium anisoplia, is pathogenic to the grub
and there is evidence that this inlay be ii ef-
fective control nethod. 

Attacks occur frequently when the cassava 
crop is rolated after pastures. 

Cutworms 
Cutworms can injure young plants in three 

principal ways: (I) The surface ctitwornis,
such as the black cutworn A grotis *vp.ihm eat 
off plants just above, at, or a short distance 
below the surface of the soil leaving the pallt 
lying on the ground. The larvae are greasy gray
to brown, with faint lighter stripes: (2) The 
climbing cutworms sulch as the southern army-
worm Prodenia 'ridania clinb the stems and 
eat buds and foliage and may girdle sterns 
causing plants to wilt and (lie. The full-grown 
larvae are dark gray to nearly black and 
marked with lateral yellow stripes; (3) The still-
terranean cutworms remain in the soil to feed 
on roots and underground parts of the stems, 
causing a loss of pianting innaterial. 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 plaits above or at 
ground level may he controlled effectivelv with 
poison baits (I0 kg of bran or sawdust, 8-101 
of water. 500 g of sugar or I-I of molasses and 
100 g of Dipterex for f,.mto !, ha ). For under-
ground cutworms soil applications of" Aldrin 
or Furadan arounid the cuttings are effective. 
Termites 

Termites will attack cassava in the lowlad 
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 seasonrs. 

Insecticide treatments may give effective 
control. 

Crickets 
Crickets damage cassava plants by clipping 

young shoots after emergence. They can also 
damage the base of the cassava plant, render
ing them nore suscptihl to lodging hy wind. 

Insects Allckiiig
Foliage and Buds 

'trips
Several species ( l"rnrliniela-william.%i, 

Coryniril .d'noph'rux, and ('aliothripsma'
cllites) of thrips, all belonging to the fanliy 

h'iripidae, attack cassava. 1Ihrips are major 
pests in ('elntral and SOlt I Amucerica and Africa. 

The niost important species is F. nilliaisi 
which damages the terminal buds of the plant.
The leaves do not develop noranlly. leallets 
are deformed and show irregular chlorotic 
yellow spots. Stylet danige to tile leaf cells 
durihg expamsion causes de formalion and dis
tortion, with parts of leaf loibes miss ing. Brown 
wound tissue appears in the stiiis anid petioles 
and iirter'node, are shortened. The growing
points iliay die. causinig growth of lateral htds 
which also may he attacked, giving tire plants 
a witches' broon-like appealraicce. 'lhe attack 
is mIrost fcq lieit dhirinlg dry periods aind plans 
will recover when the rain staris. 'Ibrips can 
cause a 15-2W0% yield loss. 

('ontrol is best achieved through the use of 
resistant varieties which are readily available. 
Resistance is based on leaf-bid pilosity and 
nearly 5()% of 
(2300 varieties) 

tie (CIAT getni pJain 
are highly rcsislant. 

hank 

Mites 
Mites. one of tlie iimost serious dry season 

cassava pest, cause serious danmiage. The green 
cassava mile Mnonychellis fanaljoa, native to 
the Americas, causes considerable yield redtic
lion in parts of East Africa. It is spreading to 
other parts of A frica, 

The mile Teiranil is universalvcls mtihac 
but appears toIbe a signiicanlt pest in parts of 
Asia. 0lgonvchu pertiviam is limited to theAnrericas and East Africa. 

Mites canie fcimi d in grca tinibers on the 
undersides of leaves dttring ipliniti environ
mental conditions. Usually older plants are 
more susceptible to attack. 

AMonn'chellus tliajoa is green and de
velops in the apical huds, feeding of) young 
leaves and stems. Leaves are splashed with 
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Table I. World distribution of cassava pests. 
 Galecron (Fundal), and other organophos-

The phaltes at commercial doses is effective. 
Insect Americas Africa Asia Cassava Horuworm 

ThripsMitles X X 
Ilornwor X x x 
Fruitfly X 
Shooltly 
Whitellics 
Stemborers 
Whitegrulis 
Cutworms 

x 
x 
X 
X 
X 

x 
X 
X 

X 

X 

(;all midgesLacebugs x 
X 

Grasshoppers x 
Me;ll)tlgs 
Scales 
Leafcutter Ants 
Crickets 
Tlernies 

Xinstar 
x 
x 
x 
X 

x 
X 
X 
X 

X 

X 

yellow spots, lose their normal green colour
and develop deformilies. The alacked stems 
become rough and brown. Steins and leaves
die fromiu lop to bottom. Severe attack results 
illdeath of the growing point caulsing execs-
sive branc!uing. 

l)amiage from f'toanychus first shows as
yellow dots along tile midiib of te leaves. 
evenltually spreading 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 plaits.

rhe atlack of 0. pi'ttvianu is characterized
by white dots along leaf veins and margins on
the undersides of leases. These dots are web-
bings under which tile adult Ifcinale places her 
eggs, and wher ie Iarsae aild nyiphs de 
velop. 1Ifhese locatio is firsiappear as yellow
and later brown dotls on tiie leal uppersur face.The basal leaves ame more readily attacked. 

Yield reductioils of 1t)'; have been ieported
in Africa for M. tiaja.IAll three species
mentioned 
suilting in a 2t"i, yield loss whlen tle mile 
allack occuriiled tI'olntie 5thi to the 71h inoith
of plant growth, 

The ('IAT gei ilasim has a Itos resistance
level to T,'ialiychVaid illodelale resistance 
levels to f411n vchlh'llu aid O) 'vlehu..
 

There are several elective biological control 
agents for supplessing mite popuilatoils.

Control with Nlonocrotophos (Asodrin), 

here infested lite CIAT'faumi, ie- the soft tissue and evenlualIlv kill the growing 

The cassava horn%%orm Erinnyis elio ismost serious cassava pest the ain Americas. 
High populations of hornworm larvae can 
rapidly defoliate large cassava plantations. De
foliation during the initial months of plantgrowth can kill plants and cause yield losses.The ash coloured, nocairnal females deposittheir large, light green eggs on the tipper surface of cassava leaves. The larvae are poly

morph andgacolour varies: yellow, green,
black, dark gray, and tan are common. Fifthlarvae may reach It-I2 cm in about 12
days, and migrate to tie soil where they form a chestnut brown, black-lined pupa. The adult
moth emerges in about 2 weeks. Outbreaksgenerally occur after the beginning of the rainy 
season, bit are erralic and may be absent for 
years.

A biological control program is an effective 
means of hornworl control. .gg parasitisl
by Trichogratmma sp. can el'ectively reduce
populations. The paper wasp (IPolistes sp.) is
aji iinportant larval predator and Apantelhs sp.
(Hymenoptera) is a larval parasite. Elfective

control with the bacterial disease Bacillus
 
thuringiensis has been obtained.
 

Dipterex is eflective against young larvae

but the use of pesticides should be avoided

because it interrupts the biological control
 
system.
 

Calssa5'va Shooifly

Shootly (Silba 
pendula, Carplonchacaechal,gc'a) damage occurs throughout most of

Americas.tile Loss of yield is not yet known,
but artificial shoot removal (tip to 100% at
periodic int to siintilate shoot ly attack,ervaIls) 
did not affect yield.

The dark metallic blue adult shootfly ovi
posits bceen tile unexpa nded leaves in the
growing points. The 'ou ng larvae tunnel in 

point. Several whitish larvae may be found in 
tie afleeted growing point acconlipaiiied by a
while to brown exudate. The mortality of the 
growing point retards growth of young plants
and causes side btiuds to gerliiale, vhiich may
also lie attacked. Younger plants are more 
susceptible to attack aiid mjost outbreaks occur 
ifi the beginning of the rainy season. Planting
dates can be adjusted so that the younger 
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growing stage is passed during low shootfly Leafculter Antspopulations. Larvae areSystemic difficult to control.at 	 Several species (AliSystemic organophosphate 	 speciessp sp. and Acronnrnexsuch as Basudin sp.) have (,411 sp. 	andasudininbeen reported(diazinon), Diostop (dimeroatc), Azodrin an 	
rapidly defolialing

cassava whenBidrin (dicrotophos) at commercial doses are move 
large numbers of worker ants

into a crop. A semi-circular leaf cutrecommended only for large populations, 	 is 
Whiteflies 	 made and carried off to the nest. During severeattack (he buds may also be removed. Attacksfrequently occur during the earlyNumerous species of whiteflies (Beinisia months of 
tuberculata, B. 

the crop. The effect of this damage on yield istabaci, Aeurotrachelus sp., not known.Trialeurodes variabilisand Ah'urothrixuts sp.) Insecticides are the most effectiveattack cassava. No direct damage due to feed- means ofcontrol. Nests caning is known but high populations may 	
be dcstroyed by fumigationcause with carbonbisulfide,mottling, yellowing, and drying of the leaves. 	

smoke of sulfur orarsenates. GoodWhiteflies can be detected by provoking adults 	
results will be obtained by

applying Aldrin as a powder orinto flight or by observing in solution in 
nymphs on the 

the pupa and or around the nest. Granular inirex haits apundersides of the leaves. A plied along the antblack sooty mold fungus is often found in as-
trails will be carried intothe nest by the ants and will givesociation with 	 effectivewhitefly attack. High popula- control.

tions are usually associated with the rainy 
season.


The whitefly lIemisia tabaci is a vector ofthe cassava mosaic disease which 	
Gall seidgescauses yield Several species of gallmidges (Cecidolosses in Africa and Asia. This disease is not myiidae, airophobia sp. ) have beenfound in the Americas. 	 reportedon cassava.Varietal evaluation for 	

These fragile flies oviposil on theresistance to theAleurotrachehus sp., found in high populations 	
leaf undersurface and the emerging larvae cause abnormal cell growthin Colombia, shows 	 in the leaf andmoderate resistance for gall formation.varieties CMC-72 and CMC-57. 	 Leaf galls on the uppersurface
are yellow-green to red andControl of whiteflies, if needed, 	 when opened, 

achieved with 
may be 	 show a cylindrical tunnel withRoxion. 	 the larvae in-Diostop, Metasyptox, side. Gallmidges may retard growth of youngand Dimecron. 

plants but are considered of little economic 
importance and genervlly do not rcquireGrasshoppers 	 control. Destruction of atfectetd leaves at weekly

Grasshoppers have been identified as a pest 
intervals is recommended
lions. to reduce popula

on cassava only in Africa. There are two prin
cipal species; Zonocerts el'gans, the elegantgrasshopper, and Z. variegatus, the variegated Insects Attacking Maturegrasshopper, 


Both species cause damage or Green Stens
in the dry sea- Approximately 35 species of stemhorersson when their alternate hosts are reduced. In have been id ntiid fe
Africa heavy defoliation and stripping of the 
eing on ad danging
 

bark have re.ulted in yield losses up to 60%. 
sten nd feedngo n an Mgn
 

Grasshoppers can 
stems and braces ofthe cassava ian t. Most
be controlled bysecticides Gamalin 20 and Temilrothion.the in- (Coeoreritar spp.,lepidopterous agrhIruva sp.tg, hutand hyIeiopteroi sonestemhorers 

Cassava Lacebug 	 are also reported. They generally causesporadic or localized danage.Yield losses due to laccbug (Vatiga mani- Larvae vary in size (up tohotae) are not known, but considerable foliage 	 30 nn long)
damage can occur. 	

and shape depending on the species. LarvaeThe whitish nymphs and are usually while t) yellowgray adults (3 nim) can be found in great 	 o taoi and tunnelthrough the aerial partsnumbers 	 of the plants. Slemscn the leaf underside. Damaged and branches may break or be reduced to sawleaves show yellow spots which eventually turn 	 dust. During dry periods, tinder heavy infestlato reddish brown, resembling mite damage. 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 oil the ground. Pesticide 
control appears impractical since adults are 
diflicult to kill and larvae feed within plant 
stems. Populations can be reduced by removing 
infested plant parts and burning. 
Caissava 	Fruiffly 

The cassava fruitfly (Anastrepha pickeli,
A. inaniholi) has recently been identified as 
a pest on cassava. It frequently attacks the 
cassava fruit and causes economic losses. 

It attacks the stem about 10-20 cm below 
tie apex, making a small entrance/exit hole. 
The yellow to tan female inserts the egg in 
the stem tissue and after hatching the white to 
yellow larvae bore into and down through the 
pith region of tie stem. 

A bacterial pathogen is often found in as-
sociation with tilelarsae and this can cause 
severe rotting of stemi tissue. Often a white 
exudate is found flowing from tilelarval tul-
nel. Severe attacks may cause collapse of the 
growing points. growth retard atioli prolifera
tion of lateral buds, and linally death of the 
plan t 

The extent (if'crop losses til to this sec-ondary rotling is not known but younger plants 
(2-5 months) are more stusceptible to damage. 

The use of tracialns or poisoll baits as 
controls appears promising. A -lviiienoptera
parasite (Opitus sp.) has been identificd. The 
insecticide llaycidlr ill(Fetlthionl) gives goodcontrol of ile a tilestem. 


Scale Insects 
Several species of scales (Aonidomy'tilis 

Whius, Sai%.(tia slip. ) attack cassava sterns. Ex-
ccpt for localiled incidellis they do not appear 
to cause anly signiicanlt reduction ilyield.

In severe attacks leaves may yellow and 
drop, tileplants are stunted. and sterns can 
dehydrate causing plant deathIi. The greatest
dalniage appears to lie tileloss of planting nia-
terial. When heavily ilfe"ted cuttiings are 
plarited gerrilniat ion is greatlv reduced and 
roots will be pool Iyde%eloped and unpalatable.
The adult scale of A. ai/ttv is rii,,,sel-shiaped 
and covered wilh a white waxy secretion. It 
attacks the branches, especially in the dry sea-
son. thl 	 aggravating drought stress. 

The most effective neans of cortrol is 
through the use of healthy planting material, 
aid cutting and blrning infested plalts. Chem-

ical control on growing plants with Metasystox
(0.1% ) and Malathion (0.1 %) is effective. 
Me 

alybugs 
Mealybug (Phencoccis gossypii) damage 

has recently been reported from Brazil, 
Colombia, and parts of Africa, but effect on 
yield is not known.

High populations of the insect give a cot
tony appearance to the green portion of the 
stem and on the leaf undersurfaces. Leaves 
will turn yellow and dry and stems and buds 
may also be killed. 

Conclusion 
Insects 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 
principles ald utilizinlg the adaptability of cas
sava. As well, strict quarantine measures 
should he adopted to restrict the spread of 
insects into areas where they are not now 
present. 

Crop Adaptability
(I) Cassava is a long-season crop; the con

tinlual use of pesticides is impractical.ifuan ist wl ctuall i l the 
(2) Few ifany insects will actually kill the
 

plant. 
(3) The 	cassava plant has fhe ability to re

,.tpera-te from insect damage.
(4) The 	cassava plant canout lose foliage withdecreasing yield: A high eco

nomic threshold. 

Basic Principles of an Integrated
Control System 

(I) 	 Cassava is ideally suited to a biological
 
control program.
 

(2) 	 High levels of pest resistance are not
 
needed :rid resistance to some pests
 
already exists.
 

(3) 	 It is Inecessa ry to understand the insect
plallt-crnviroient 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. 
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Population Dynamics of the Greea Cassava Mite and 
its Predator Oligota 

Z. M. Nyiira' 
The green cassava mite, Alumonvyculus tanjot (Bondar) (Acarina: Tetranychidae),also known as the cassava leaf mite, is a fairly new pest in Africa. Its potential threat to cassava proluction 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 leaves. 
Denser populations are recorded during dry spells and more are found in the lowerhalf of the leaf. The ratio of active mites, eggs, males, and females in the apical and basalhalves of the leaf are discussed. Cassava plants between 3 and 10I months old were moredensely infested than the younger and older plants. Some varieties of cassava supportedfewer mites than others suggesting a degree of resistance. Reduction in the nunber ofmites was associated more with absence of leaves than weather conditions, although rainand possibly relative humidity had negative etrects on population buildup of the mite.
The Staphylinidae Oligota was the dominant and widespread predator. It appeared insufficient numbers and at the same time as the green cassava mite. The population fel!

sharply when the host population started diminishing.
The results point out the potential ol varietal resistance in cassava and biologicalcontrol as possible effective considerations in integrated control of Al. tanajoa. 

The green cassava mite Mononychellus
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 importatnt 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 (lid not 
demand serious intvestigation until its discovery
in 1971 in Uganda (Nyiira 1972). Since then, 
detailed studies have been done (Bennett and 
Yaseen 1975; Nyiira 1975a). 

'Department of Agriculture, Kawanda Rc-
search Station, P.O. Box 7065, Kampala, Uganda. 

The structure of tWe population (dispersion)

of the green ca:,,va mite on cassava in the
 
nicotropics was dc :ribed by Bennett and Ya
seen (1975). They discussed the influence of 
age of the plant, its physiological condition, 
and environmental factors on levels of in
festation and damage. 

Nyiira (1972, 1973) showed that heavy in
festations and damage to cassava in Uganda
occurred during the hot dry spells. This was 
later accompanied by premature leaf fall and 
sometimes tip die-oll'. Major damage was sup
pressed by the cool rainy season. Similar ob
servations in Brazil were reported by lBondar 
(1938) and by Da Costa (1973). Such sea
sonal tluctuations of the mite population were 
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Table 1. Mites recorded on 10 leaves per sample at low, 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 factors such as the condition
of food and availability of nutrients. The
weather may have had some influence as well. 

A similar population trend was observed 
among its predators, particularly O'igota
species. Oligota is the most common and 
dominant predator of the green cassava mite 
in Uganda and Trinidad (according to Ben-
nett and Yaseen 1975). The population of 
density-dependent predators tendE to decline 
as numbers of their prey decrease and vice 
versa, 

Therefore, the population dynamics of both 
M. tanajoa and its predator Oligota were 
studied with the practical objective of sup-
pressing the green cassava mite in Uganda. 

Materials and Methods 
The effect of plant age on the population

of mites was studied by counting the mites on
fifth leaves of plants of different ages. Leaves 
were placed in jars, labelled, and placed in 
styrene boxes, and brought to the laboratory.
The leaves 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 petri 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 leaves per locality per age-
group. 

Assessment of tie effect of age of foliage on 
mite population was done by counting mites 
on leaves tagged at the start of their develop-
ment (i.e. front the time the leaf stalks 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). Assessment of the population
fluctuation of mites was done on fifth and 
seventh leaves using similar collection and 
counting techniques.

To study interleaf distribution and abun
dance of mites, weekly samples of first and 
subsequent odd-numbered leaves up to eleventh 
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. It was done by direct counts of pred
ators from cassava leaves in the field. The 
leaves were collected, labelled, and the mites 
counted under a binocular microscope. All leaf 
index expressions were counted from the apical 
end. 

Results 
Ecolo."?ql Habitat 

At low densities, the green cassava mite 
prefers to inhabit areas along the midrib and 
the veins of vassava leaflets. Colonies generally
start in sheltered areas on the leaves either on 
folds or at the base of the leaves. No webs 
are formed. A higher density of mites per leaf 
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 their eggs on 
the leaves is presented in Table 1.When 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 higher basal half ratios at low in
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foliage condition in three varieties of cassava 

500. 	 on mite stages revealed that there were sig-
Mukedi 	 nificantly fewer active mites and their eggs 

400 	 on the very young and the very old leaves 
300 -	 (p < 0.1%). The maximum density of eggs 

was recorded on 3-week-old leaves in Mukedi 
200 	 (985) and Mpologoma (459) varieties, where
loo. as 	 in Bitamisi, egg densitic: were high on 

0 	 leaves 10-21 days old (219-225). The popu
lation of active stages of the mite was most 

. 200- Bitamisi dense on leaves 12-21 days old in the two 
2 100- varieties (332 on Mukedi and 123 on Mpolo

0 -goma). 

. 200. 5044-16 	 Fluctuation Trends 

Between August and December 1972 theC 100.
S0 __--__ -I_ weather and crop conditions were optimal for 

Nfumu severe infestations of cassava by M. tanajoa in 
200. -Uganda. 	 There were more mites per leaf dur
100. .ing September and the last half of October 

0 _ J rand first quarter of November (Fig. I). Lower 
Mpologoma mite densities were associated more with ab

, .,,, sence of leaves on plants than with presence 
100.- or absence of rain. For instance during mid 

August 1972 in Uganda, there was a lot of 
27 8 1421284 11 1825 2 10 18 2330 6 1320274 111821 rain and low mite densities. However, heavy 

AUG SEP OCT NOV DEC rain in October of the same year corresponded 
with high mite population on two cassava 

Fie. I. Mean nunther of adull mites per leaf varieties (Bitamisi and Nfumu) although it re
(1972). 	 duced the mite population on Mukedi. The 

trend of mite egg density followed closely that 
of adult mites. 

festation and mean ratio of 1:2 during heavy Nyiira (1975b) discussed the influence of 
infestation. 	 physical factors on the biology and ecology of 

M. tanajoa, suggesting that factors such as
Effect of Plant Age 

relative humidity and temperature could 
M. tanajoa almost exclusively feed on the negatively affect the reproduction rate of the 

undersurface of cassava leaves. However, in- mite. He further observed that migration and 
festation was recorded on flower stalks and dispersal are partly triggered by high popula
young green seed. All age categories were at- tion density. Therefore, the reproduction rate 
tacked. The density of mite infestation on in- which is influenced by the physical condition, 
dividual plants varied greatly. Newly germi- would also partly influence the commencement 
nated 10-week-old plants had insignificant and rate of dispersal. It would also influence 
numbers of mites compared to plants between distribution of the mite within and outside a 
3 and 6 months. Denser infestation was unit. Biology of the mites as well as meteoro
recorded on plants between 6 and 9 months, logical factors are, therefore, useful considera-
Plants 9-12 and 12-15 months old had few tions in the ecological analysis of green cassava 
mites. mite populations. 

In all age categories, a higher number of Rate of oviposit by M. tanajon was higher at 
mites was recorded on either top leaves in the relative humidities between 50 and 70% 
very young plants or leaves 5-8 in the older (maximum 4.7 eggs per female per day at 
plants. 60%). Most eggs were laid at 32 'C, and the 

rate was 3.8 eggs/female per day. Develop-
Effect of Foliage Condition ment of instars at different relative humidity 

The results of investigations of the effect of levels was slightly different from that recorded 
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Table 2. Population of Oligota predators and corresponding host population on 
cassava during October through December 1972 at Kawanda Research Station. 

Mites/Leaf 

AdultsDate and 

sampled 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 Dec 1027 424 

28 Dec 1162 390 

Total 13126 4989 

Me'.n 1193 454 


in a free laboratory environment. A duration 
of 9 days was recorded from commencement 
of larval to end of deutonymphal periods at 
relative humidities of 50-70% cumpared to 
10-11 days at 20-40% and 11-13 days at 
80-100%. The green cassava mite was capable 
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 
day. 

Oligota Predator Population 
The results of a study of the seasonal abun-

dance and correlation with host density are 
presented in Table 2. During scarcity of host 
mites, Oligota 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 
mites on these leaves. This correlation was con-
sidered favourable and sufficiently effective 
particularly during the dry season when the 
population of the host mite was high. Ninety-
five percent of Oligota recorded were adults. 
No pupae were recorded on leaves, although 
some were found in debris and the soil surface. 

Discussion 
The green cassava mite probably chooses 

sheltered places as protection against harsh en-
vironment and excessive light. However, as the 
number of mites per leaf increases, they in-

Predators/50 leaves Infestation 
Larvae Adults status 

0 47 Heavy
 
0 22 Heavy
 
0 7 Heavy
 
0 24 Heavy
 
3 20 Heavy
 
0 43 V.heavy
 
2 22 V.heavy
 
2 21 V.heavy
 
0 4 V.heavy
 
0 6 V.heavy
 
0 2 V.heavy
 
7 218
 
0.6 20
 

habit the overall area of the leaf. The ratio 
of the number of mites and their stages and 
that of the different sexes in the apical half to 
that of similar components in the basal half 
decreases from 1:4 at low infestation to 1:2 
or 1:I at high infestation. This implies that 
at low infestation levels there is a tendency of 
mites 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 the initial 
point of infestation on the leaf. 

The density of the 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 and 40 weeks of 
age are densely infested with active mite stages 
and their eggs. This was observed in other 
varieties (Nyiira 1975a). where, after 36-40 
weeks the population of At. tanajoa was re
duced so low that economic control measures 
were not desirable. 

Aging of cassava leaves has a varied effect 
on population density of Al. tanajoa. The 
population builds up until leaves are 35 days 
old, when the number of mites on them falls 
sharply probably due to depletion of nutrients 
and overpopulation. The tendency is for the 
mites to migrate within the plant onto the 
younger leaves or from heavily infested plants 
to less infested ones to form new colonies. The 
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foliage condition is, therefore, a critical deter-
minant of rate of migration and dispersal. 

Many factors are involved in regulating mite 
populations. However, the data presented in 
Fig. I 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 resistant 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 (Nyiira 1975c). 

Oligota species in Uganda appear in syn-
chrony with M. tanajoa. Table 2 shows, how-
ever, that during heavy infestation by the host 
mite when the population 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 before the predator population builds tip 
again. However, the reappearance of Oligota, 
and the combined relative effectiveness of 
other predators of the host mite, appear to keep
down mite populations. An integrated program
utilizing fast-maturing resistant/tolerant vari-
cties 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 Oligota 

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 

GREEN CASSAVA MITE 

total effect of predators on the green cassava 
mite, an effect not otherwise explained when 

individual predators are considered. 
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Distribution, Biology, and Population Dynamics of 
the Green Cassava Mite in the Neotropics 

M. Yaseen and F. D. Bennett' 
Investigations on the biology and ecology of the green cassava mite Mononychellus

tanajoa and its natural enemies, as well as those of other cassava mites, to evaluate the 
latter for trial in Africa have been conducted in the Neotropics since April 1974 by the 
Commonwealth Institute of Biological Control, Trinidad. In Trinidad, densities of M. 
tanaioa are closely related to rainfall; dry periods are conducive to the development of high
mite populations. The age and physiological condition of the host plant also greatly in
fluence mite densities. Mite dispersal is influenced by wind. Regular observations on several 
cassava varieties during 1975 did not indicate any of these to be resistant to mite attack. 

'Commonwealth Institute of Biological Control, Gordon Street, Curepc, Trinidad. 
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Predators play a significant role in regulating population densities of the mite. Of the 
several predators recorded, Oligota ininuta, the dominant predator, and Typhlodroinalus 
lirnonicus and T. rapax, two important predaceous mites, merit introduction against 
M. lanajoa in Africa. 

The Neotropical green cassava mite Motf. 
nytchellus ,anajoa was reported recently from 
Uganda (Nyiira 1972). The mite spread 
rapidly and is already causing serious damage 
in several parts of the Ethiopian region of 
Africa. Heavy infestations result in retarded 
plant growth and leaf shedding (Lyons 1973). 
Because chemical control under African con
ditions is not practical, other measures includ-
ing biological control are being studied. 

As Al. tanajoa is not considered a serious 
pest in the Neotropics very little information 
is available about the mite and its predators. 
Investigations on the biology and ecology of 
the mite and its natural enemies, as well as 
those of other cassava mites, to evaluate the 
latter for trial in Africa were initiated at this 
laboratory in April 1974. The results obtained 
to date are presented here. 

Investigations and Results 
Distribution of M. tanajoa 

The mite occurs in Brazil (Bondar 1938) 
and Paraguay (Aranda and Flechtmann 1971 ), 
and is now widespread in Trinidad and 
Guyana. It 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 several areas 
in Central and South America and the Carib-
bean, and several other tetranychids infesting 
cassava were encountered. While special visits 
were made to survey for cassava mites in 
Colombia, Mexico. Panama, and Peru, other 
records were obtained from Antigua. the 
Bahamas, Barbados, Guatemala, Jamaica, 
Montserrat, Nicaragua. St. Kitts. and Surinanm 
in connection with other work. Records of At. 
tana/na and other tetranychids on cassava en-
countered during the surveys are given in 
Table I. 

Of the three tetranychids attacking cassava 
in Trinidad, At. tanaioa belongs to the carib-
branae group characterized by Paschoal 
(1971), and can be easily recognized. Both 
T. tumidus and 7'. urticae females are carmine 

but the former is easily separated by the well
developed mediodorsal spur on the empodium 
which is tiny or absent from 7'.urhicae (Prit
chard and Baker 1955). 7'. tuidus is usually 
a greenhouse pest while '.urticae attacks 
senescent leaves with depleted nutrients. M. 
tanajoa is not common on such plants. 

Biology 
The biology of M. tanajoawas investigated 

in the laboratory (temperature 26.8±-t2.2 °C 
and relative humidity of 82% in the morning 
to 55% in the afternoon). The preoviposition 
period lasted 1-2 days. The duration of the 
egg, larval, protonymphal and deutonymphal 
stages were 3-4, 1-2, 1-2 and 2-3 days, re
spectively. Each active stage was followed by 
a quiescent stage lasting less than a day and 
the total egg to adult period was 11-13 days. 

The males which mature first remain near the 
female teleochrysalis ready to mate with the 
emerging females. Females laid 21-65 (avg
38.5"L15.8) eggs during 8-14 days; they lived 
up to 18 days. 

Under field conditions eggs are laid singly 
on the sides of the midrib or other veins or 
in concavities on the lower surface of the leaf. 
Most of the eggs are laid on the basal half of 
the leaf. 

Population Studies 
Regular observations from April 1974 to 

date have shown that densities of Al. tanajoa 
are closely related to the pattern of rainfall. 
In Trinidad the average daily temperatures do 
not fluctuate greatly during the year. The an
nual rainfall varies from 2100 to 2500 mm. 
The main rainy season extends from the end 
of May or early June to December or mid 
January; about 80% of the annual precipita
tion occurs from middle of July to December 
despite a comparatively dry period of 4-5 
weeks in September-October. The relative hu
midity varies from about 8WO'in the morning 
to about 55% in tileafternoon during the dry 
season and remains generally high, around 
90%. during the wet season. 

Data, based on weekly counts, indicate that 
dry periods are conducive to the development 
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Table I. Tetranychids collected on cassava during surveys in 1974-75 (localities in parentheses).a 

Tetranychids 

Mononychellus (Ectetrany-chus) caribbeanae (McGregor) 

M. mcgregori (Flechtmann and Baker)
M. tanajoa (Bondar) 

Ollgonichusperurianus 

Tetranychus cinnabarinus (Boisduval) 
T. tumidus(Banks) 
T.urticae (Koch) 

T. sp. probably urticae 
Tetranyclus sp. 

&SeeFlechtmann and Baker (1970) and Jeppson ct al. (1975) 

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 dropped suddenly with the 
onset of heavy rains. A minor peak developed
during the short dry period in September-Oc-
tober. Weekly counts on 10 cassava varieties 
in an experimental plot during 1975 indicated 
that 56.1-66.5% of the mite 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 influenced mite densities. Very 
young plants usually harboured few mites; the 
few newly flushed leaves not only provide only
small surface areas but the nutrients are not 
fully synthesized. Similarly 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 largest numbers being on 
leaves 5-10; the top 3-4 newly flushed leaves 

Distribution 
Barbados, Nicaragua (Carazo), Panama
 

(Aquadulce), Peru (Chiclago), St. Kitts (Sandy

Point) and Bahamas (Andros)
 
Colombia (Jamundi)

Brazil (State of Bahia), Colombia, Guyana
 
(Georgetown), Paraguay and Trinidad
 
Colombia (Cauca Valley)
 

Montserrat, W.I. 
Mexico (Yucatan State) and Trinidad 
Colombia (Cauca Valley), Peru (La Molina and 
Mala) and Trinidad 
Colombia (Palmira) and Peru (Mala) 
Bahamas (Andros Island), Mexico (Yucatan 
State) and Nicaragua (Granada) 
ror additional distribution and host records. 

carry few mites. After the tenth leaf the num
bers fall sharply apparently due to the deple
tion of nutrients. 

Several tetranychids disperse under the in
fluence of wind (van deVries et al. 1972). Fe
male mites suspend themselves on silken
threads and are carried away by wind cur
rents. This activity usually occurs during the 
hot and comparatively calm periods between 
9 and 10 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 
I May and 23 July 1975. 

Montaldo (1972) reported cassava varieties 
resistant to tetranychids 
Nyiira (1972) noticed 
tanajoa infestations and 
susceptibility related to 
Uganda. Regular counts 

in Venezuela. Also 
varying levels of M. 

differing degrees of 
cassava varieties in 
were made on four 

cassava varieties from May to September 1974 
and, while different 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 Curep, 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
nificant differences in mite densities on some 
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 Al. tanajoa and related cassava mites encountered during surveys in the 
neotropics, 1974-75. 

Predator Distribution 

Phytoseiidae 
Euselus hibisci (Chant) 
Phytoseuilus macropilis(Banks) 
Typhlodronmalus limonicus (Garman and McGregor) 

T. rapax (DeLeon) 

Cecidomyiidae
 
Feltiella sp. 

Unidentified 

Feltia sp. 


Coccinellidae
 
Stethorus sp. 


Staphylinidac
 
Oligata barbadlorum (Frank) 

0. centralis (Sharp) 
0. mnuta (Cam.) 

Thysanoptera 
Unidentified 

major and the minor peak populations the 
other varieties were not very consistent. 

Natural Enemies 
While spider mites are regularly attacked 

by predators they have no arthropod parasites. 
Predators belonging to the families Phyto-
sciidae, Cecidomyiidae, Coccinellidae, Staphy-
linidae, 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 several fields as well as in 
plots especially set tip for this purpose in Trini-
dad. Elsewhere surveys were brief and quali-
tative data only were obtained, 

Oligota ininuta is the dominant 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 larvae 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 showcd that it was scarce or absent from 

The Bahamas (Andros Island) 
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 Island), Colombia, Montserrat, Peru, 
and Trinidad 

Trinidad 

cassava when mite infestations arevery low dur
ing July to late February. It appears in March 
when the mite commences to increase and it 
becomes z oundant when host populations reach 
peak levels in May to July. The abundance 
is highly correlated with the mite densities on 
individual plants with the largest numbers 
occurring on heavily infested plants. The num
bers of the predator also vary in relation to the 
infestation levels on leaves of individual trees; 
larger numbers were encountered on leaves 
6-10, the largest numbers occurring on leaves 
7 or 8 where adults and large nymphs of the 
mite are usually most abundant. Adults are 
usually more abundant on densely infested 
leaves in the early morning hours than during 
the hotter period between 10 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. It 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 0. minuta migrates to plants infested 
with other spider mites, 

The two phytoseiid mites Typhlodromalus 
linionicusand 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;when 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 Oligota 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. 

Effects 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 rcquired 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 
level. 

The mite populations in the untreated plot 
exhibited the normal pattern of seasonal in-
cidence (2691 in June, 355 in November, 1077 
in January) 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 Oligota and also the cecidomyiid 

predator appeared to a minor extent with the 
resurgence of the mite in June-August, Typh-
Iodromaluhs spp. which were the main predators 
later in the season did not. Recovering from the 
effects of chemical pesticides, M. tanajoa builds 
up rapidly in the absence or scarcity of pred
ators on the treated plants. 

Predatory mites and M. tanajoa were sup
pressed by the pesticide applications but popu
lations of the latter fecovcred and built up 
very rapidly before the former reinvaded the 
plants. 

Effects of Fertilizers 
Since densities of mite populations are as

sociated with nutrient levels, studies on the 
mite response on 10 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
lated to both fertilizer treatment and variety. 
While on variety Black Stick higher popula
tions occurred in the P treatment, the K treat
ments on varieties Fromogene and Tobago 
Special supported the highest populations. The 
trends on other varieties were not consistent: 
initially the 1Ptreatment on variety Around-the
world supported higher populations than those 
of N and K, whereas populations on the N 
treatments on varieties Dan, DanBlue, and 
Butter Stick were higher than on the other 
treatments. However, the K treatments for 
these three varieties later had the highest popu
lation. Similarly, 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 Af. taamjoa for most of the year 
remains at very low population levels due to 
heavy rains. During dry periods it may reach 
epidemic proportions hut predators play a sig
nificant role in regulating the population den
sities. 
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0. minuta is the dominant predator. It is 
adapted to prey on tetranychids and is known 
from mites from several hosts (Frank 1972). 
The species, being dcnsity-dependent, survives 
the periods of low-host density on cassava by 
moving on to other hosts. 

Both Typhlodrotnalus spp. are in constant 
association with the host on cassava. They have 
good searching ability and are present whether 
the numbers of the hosts are high or low. T. 
limonicus survives the periods of host scarcity 
by feeding on pollen (McMurtry and Scriven 
1965). Both the phytoseiid predators and 0. 
minuta merit introduction against M. tanajoa 
in Africa. 

Of the other predators, the staphylinids
Oligota babadorun and 0. centralis and 
phytoseiids Euselus hibisci and Phytoseuilus 
macropilusneed 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 S.o 
Paulo, Brazil, for the identification of mites. J. H. 
Frank, Florida Medical Entomology Laboratory, 
Vero Beach, Florida, identified Oligota spp. These 
investigations were financed by the International 
Development Research Centre, Canada. 
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Susceptibility of Cassava Chips to Araecerasfasciculatus 

K. S. PiaP 

Studies were made to ascertain the relative susceptibility 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-312, H-97, H-2059, and H-1310 were used. H-226 
and H-2304 were the least susceptible. 

Because raw cassava tubers cannot be stored 
indefinitely, the common practice is to slice the 
tubers and sun-dry them before storing. The 
slices (chips) are also 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 
cating. Chips are attacked by more than a 
dozen storage pests, the most important one 
(Aracceras fasciculatus) 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. fasciculatus eats a wide variety of foods and 
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Table 1. The means of insect population and 
quantity of cassava chips damaged in different 

treatments (varieties). 

Mean population of Mean quantity of 

Varieties test insect chips damaged (g) 

H-226 39.3 154.3 
H-1687 101.1 217.7 
H-165 85.0 209.3 
H-2304 64.0 147.0 
H-38 88.3 209.0 
H-3641 97.3 207.0 
H-312 99.3 201.0 
H-97 100.0 200.3 
H-2059 90.0 194.7 
H-1310 106.3 205.0 

infests such crops as cassava, maize, pulses, 
ginger, and arecanut (Raghunath and Nair 
1970). Though it is a serious pest of stored cas-
sava chips, little work has so far been done on 
the extent of damage and the relative resist-
ance/susceptibility of different cassava varie-
ties. Raghunath and Nair (1970) reported that 
cassava is the preferred host material of the 
insect, 

Materials and Methods 
Mass culture of A. fasciculatus on cassava 

was maintained in the laboratory from the in-
noculum obtained from the storehouse. Fresh 
sun-dried chips (250 g) of uniform size from 
each of the 10 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 conta'in-
ing host material and test insects were dipped 
and kept in the laboratory for 45 days. The 

bags were then opened, and the number of 
adult beetles and the quantity of chips pow
dered were recorded. The data collected were 
subjected to analysis of variance. 

Results and Discussion 

The data presented in Table I record the 

mean number of adult insects from 39.3 of 
H-226 to 106.3 of H-1310) obtained and also 
the mean quantity of cassava chips powdered 
or damaged 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 to 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 significant differcnce between 
H-226 and H-2304 and H-226 has the highest 
resistance to this insect. 

In quantity of chips damaged, all varieties 
except H-2304 and H-226 are susceptible and 
significantly inferior, but between these two 
there is no significant difference. 

Thanks are dae to Dr N. Hrishi, Director, 
Central Tuber Crops Research Institute, Trivan
drum, for his kind help and for providing neces
sary facilities. Smt K. R. Lakshmi assisted in the 
statistical analysis of the data. 
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Utilization of Potatoes in the Tropics 
N. R. Thompson, R. T. Wurster, and K. D. Sayre' 

Research at the International Potato Center in Peru has demonstrated that excellent 
potato yields can be obtained under both intermediate- and low-elevation tropical environ
ments. The potato clones that arc well-adaptcd to these conditions mature quickly (65-90 
days). This characteristic allows more flexibility to introduce the potato into current farm

'On leave from Michigan State University, USA; Regional Research and 'rining, International 
Potato Center, Lima, Peru, and Department of Plant Physiology, International Potalo Center, l.ima, 
Peru, respectively. 
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ing systems in intermediate- and low-elevation tropical areas. The potential for high
carbohydrate production plus the sizable amount of high-quality protein that the potato can
produce in short time p;.,,ods clearly indicates that it can play a very important 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 
travelled a circuitous route and undergone
considerable change before 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, 

The Spanish seafarers who carried the potato 
to Europe made a greater contribution to 
mankind than those who carried gold and 
silver. When first introduced into Europe, the 
potato was poorly adapted to the long days of 
the temperate zone and was grown as a curi-
osity in botanical gardens. However, in the next 
century, through breeding and selection, its 
value was realized and production reached a 
peak in the nineteenth century (Salarnan 1949). 

The potato was classified as a crop of the 
temperate zone, primarily hicause of its adop-
tion and use in Europe and North America. 
Its versatility permits it to be grown under very 
diverse environmental conditions. The "potato
season" can be adjusted to the time of year
which provides the most suitable temperature 
and moistuire conditions. It is the most exten-
sively cultivated "root crop" (293.72 million 
metric tons in 1974). It is grown in a very wide 
range of climatic zones in over 100 countries, 
In the Western Hemisphere, it is cultivated 
from Alaska down through Mexico, Panama, 
Colombia, Peru, to southern Chile. Because of 
its frost tolerance it thrives at altitudes too cold 
for maize. Adaptation to this wide range of en-
vironments was achieved by genetic alteration, 
It is now possible to define the characteristics 
that will prolote its adaptation to tropical and 
subtropical environments where root crops are 
important sources of food. 

Our results show that excellent yields in the 
San Ranon area can be produced in a tropical
environment (Table I ). Yields as high as 2850 
g /plant have been recorded. Some produced 
over 1000 g/plant in 90 days: one clone pro-
duced Il00 g/plant 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 
etfort to double potato production in the next 

5 years. Kenya and the Cameroons are vigor
ously improving their potato programs. The 
potato is coming into its own in the tropics and 
has already gained considerable popularity, 
particularly among the affluent. However, too 
often the demand is satisfied by import, so it 
is essential that research be carried out to adapt 
the potato to the tropical environment. The 
addition of this very nutritious food item will 
help diversify the diet of a large segment of 
the world's fastest-growing populations. 

The importance of potatoes in the early so
cicties of South America and Europe is history. 
Langer (1963) attributes the European popu
lation explosion of the 18th Century to the 
introduction of the potato. Production from a 
small plot of ground provided sufficient food 
for a family and usually a surplus to sell. Ac
cording to Salaman (1949) this made the in
dustrial revolution possible. 

Early South Americans were the first "potato
processors." Chuflo, probably the world's first 
freeze-dried food product, originated in the 
altiplano of Peru and Bolivia and reached its 
peak during the Inca regime. Ever since, the 
potato has been among the most reliable foods 
to ensure man's survival during periods of food 
shortages. Its use during wartime is well docu
mented. Fresh potatoes are a durable food not 
easily destroyed by fire, either in the field or in 
storage.


Unfortunately, man is just relearning the
 
exceptional value of dehydrated potatoes as a 
product to store, along with cereals, for periods 
of emergencies. Peare (1973) made a high 
quality concentrate with 33% protein by re
moving the large starch grains from potato 
tlour. This Center has initiated research into 
storage and processing at the village level to 
preserve the potato for longer periods of time. 

The potato is a succulent storage stem con
taining 70-80% water. This high water con
tent must be considered when potatoes arc 
compared to such foods as wheat, rice, or corn
which are nearly dry. For instance, potatoes 
with 2-3% protein would appear inferior to 
rice with 7%. However, few cereals are eaten 
in their natural state. Rice when cooked and 
prepared for eating contains approximately 
2% protein, very similar to potato. In a like 



205 THOMPSON ET AL.: POTATOES IN THE TROPICS 

Table 1. Adaptation trial yields in 1974. 

San Ramon 

Clone Metric tons/ha 

657A-5 60.06 
CGN69-1 49.33 
69-47.2 43.89 
Antarqui
72/Mast-164
N512-50 

39.50 
35.97 
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 Avery (1969) found the nu-
tritive value of potato superior to that of rice. 
Jekat and Kofranyi (1970) demonstrated, by 
human bioassays, complementary effects of 
egg protein with potato, soybean, algae, rice, 
maize, bean, and wheat protein. The minimum 
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 best 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 fr'om 
various crops, including potatoes (23.5 com-
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 plant
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 the four most important 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 I'; 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
tical 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. Over half of the people
of developing countries (more than 1000 mil
lion) live in climatic zones where the potato 
grows very well. A large portion of the popula
tion of countries normally considered tropical 
or subtropical such as Pakistan, Mexico, 
Brazil, and Tanzania live in areas 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 
(Table 2). The longer-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 conditions. 

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 anticipate 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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Table 2. Yield of selected clones grown in 1975 
(in La Molina).1k 

Yield ' 
Clone (kg/ha) solids protein" RNV, 

5D41-41 45870 34.3 8.1 68 
313 80-43 36102 33.8 7.5 66 
51) 370-41 321(r) 25.5 15.5 73 
31) 100-2 31878 30.9 6.9 83 
31) 376-41 2970W 25.7 11.3 75 
3D 80-50 25047 30.9 10.8 85 
3D 80-37 23628 30.8 7.6 66 
3D 80-23 19734 36.3 4.9 74 

"Courtesy Dr F. de li t'uente. 
bProtein - N x 025. 

"RVN = Growth of Streproccocus :.rmagenes as a 


percentage ofcascio. 

of drought to decrease diseases and insects, 
Once production problems have been identi
lied, seed programs can be initiated. Inl theearly stages seed may have to be imported 

from traditional production areas. Also po-
tatoes must "lit" established cropping systems. 
A potato, to complement total production per 
hectare in a multiple cropping scheme, pro-
vides tile variation so necessary to many diets. 

Potatoes from CIP's breeding programs are 
grown in 1cru in a range of environments 
from Y s in the hi'd tropics to Punofroirigni h hnd tropis uno 
in tIle alliplano to anticipate their adaptation 
to similar environments in other countries. 
Botanical seed and segregating tuber families 
are available for any potato program wishing 
to test then. Adaptation to the environment 
(yield and maturity) influences the produc-
lion and food value of' the potato. It would 
appear froml recent studies that protein pro-

duction parallels total yield per hectare and 
is strongly influenced by environment. 

Yields, by tradition, have been reported on 
in area basis, i.e. hundredweighl/acre or tons/ 
hectare. Ill a temperate climate this was satis-
factory as. for the most part. only one crop 
was produced each year. However, in the
tropics where land call lie cropped conlint-

ously, tile time element becomes very impor-
tant. It is misleading it) compare the yield of 
a 90-day crop to the yield of a 300-day crop 

on a per hectare basis. For tropical agricul
ture, a more reasonable measure is yield per 
unit area per unit of time. Maturity as meas
ured in temperate zones may not be essential. 
Production of a usable food product is the 
major criterion. With early-tuberizing cultivars,
three to four crops are possible in one year 

tripling or quadrupling the yield per hectare 
and providing a continuous harvest to avoid 
storage problems. On this basis the potato out
ranks all of the major world food crops in
eluding corn, wheat, and rice. Only three short
season crops, soybeans, beans, and peas, out

rank the potato in protein production per unit 
area per unit time. Growing potatoes in the 
tropics will necessitate major changes in the 
thinking of scientists from temperate regions 
as well as for the students of tropical countries 
trained in temperate regions. 
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Mealy Bug Attack on Cassava in Amnazonia' 
Milton D.Albuquerque2 

A severe attack on cassava by a mealy bug (later identified as P/uen'oaccUA sp.) occurred in 1975 in the Amapa Territory of Brazil for the first time. The insect is described,
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 dce Pesquisas Agro-
pecuarias do Tropico Umido, in the counties of 
Belen and Macapa (Amapa Territory), Brazil. 
This mealy bug differs from Psetudococcus 
spp. common to Amazonia and which causes 
negligible damage. It 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 150-
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 trea:ing
the unattacked portions o, . e stakes with in-
secticides. The collection was moved to 
Tracateua, a farm situated 200 !:i from Belen. 

After carefully surveying the Amazonian 
area, it was apparent that the pest was re-
stricted to the EMBRAPA 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, 
CIAT, Cali, Colombia.

2 frazilian Agricultural Research Institute 
(EMBRAPA), Humid Tropical Agricultural Re-
search Centre, Beldm, Brazil. 

Guiana or Surinam. 
Adults are about 2.4 mm long and 1.5 mm 

wide. They are white and their bodics are 
covered by a whitish dust. They move slowly
when disturbed. Females lay 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. It 
appears mainly during the dry season, when the 
attack is especially severe. It settles on leaves 
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 nakc;can 
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% effective insecticide was found hut 
two were identified a; being ellicient in m,re
than 95% of the case:. These were Parathion 
and Citrolane, at I % concentration of active 
principal. 

The treatment of stakes with these in
secticides, crop rotatioj where attacks took 
place, and the elimination of wild cultivar 
hosts are also ellicient control measures. 
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Summary of Discussions 
Preharvest and Postharvest Losses 

Rapr'orteur:J. C. Lozano 

Discussion Leaders: 
J. C. Lozano, H. D. Thurston, R. H. Booth, and L. B. Rankine 

The lead paper by H. R. Shuylcr, R. H. Gonzalez, W. I. Moiler, J. Faure andE. Rc-.sse entitled "Pre- and Postharvest Losses of Tropical Roots and Tubers andTheir Reduction" was presented by H. A. AI-Jibouri.1 The prepared abstract was:"Pre- and postharves! loss of tropical root and tuber crops is reviewed. Causesof loss in the preharvest period include numerous diseases and insect pests. Ingeneral, losses are not considered to be as severe as for other tropical crops althoughinvestigation of the problem, comparatively, has not been extensive. Losses due toweeds 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. Reductiun ofpostharvest loss centres currently around cultural practices. Chemical controls arenot widely used in pre- or postharvest loss reduction.
 

"Conclusions concerning necessary action 
 to further reduce pre- and postharvest losses in the next 5-10 years include the need for wider use of improvedcultural practices. Emphasis first on cassava losses is recommended, then on sweetpotatoes, and yams. Priority in reduction loss work should be for the subsistence
ga'ower. These suggestions lead to a need for extensive training to strengthen exten
sion activities. 

"Cultural practices recommended for the preharvest period include croprotation and improved mass selection for propagation. Integrated pest management
should be possible in sonic cases with biological control as an important component.Plant breeding research is a continuing need. Further reduction of postharvest
losses requires wider use of the best cultural practices in storage; improvements inprocessing 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 foodproduction. The following summary covers the major considerations: 
More than 160 bacteria. 250 viruses, and 8000 fungi are known to cause plantdisease in addition to mycoplasma-like organisms and viroids which have recentlybeen added to the list. Sonic include nematodes as disease-producing agents. There 

are many classic cases of catastrophic plant diseases in history which have wiped outentire crops, often resulting in widespread famine and human disease. Examples arethe late blight epidemic of the I840s in Ireland, coffee rust which last century wipedout cotree in Ceylon, and in 1970 was introduced into Brazil where it has causedgreat economic loss. As recently as 1942 an epidemic due to brown leaf spot causedthe failure of the rice crop in West Bengal and an estimated 2 million people died.Many other examples can be cited. but fortunately the great n'.1jority of plantdiseases are not catastrophic. Estimates of losses due to plant disease vary widelyand much of the information is simply not believed by administrators, the public,and politicians. Most figures found for losses in tropical (developing) countries aredouble those found for the temperate countries of North America and Europe. 

'The complete text of th,s paper is available on request from the Cassava Information Centre,
CIAT, Cali, Colombia. 



LOZANO ET AL.: SUMMARY OF DISCUSSIONS 209 

Table 1. The importance of an integrated approach to increasing effective or utilizable production of 
root crops. 

Sweet 
Model Potatoes potatoes Cassava Yams Aroids Misc. Total 

A. Present situation (millions metric tons) 
I. World production
 

(FAO 1974) 100 294 134 105 
 19 4 3 560 
2. 25% postharvest losses 

(Coursey and Booth 1972) 25 73 34 26 5 11 140 
3. "Utilized Production" 75 220 101 79 14 3 3 420 

(100-25%) 
B. Possible "Utilizable Production" following research and development (millions metric tons) 
4. Following 5%increase 78.75 231 106 83 15 3 3 441 

in production (105-25%) 
5. Following 5% reduction 80 235 107 84 15 3 3 448 

in postharvest losses (100-20%) 
6. Following 5%increase in 84 247 113 88 16 4 3 470

production and 5% re- (105-20%)
 
duction in postharvest
 
losses
 

In addition to the direct losses that occur from plant diseases, the threat ofintroducing diseases into new areas - 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 beneficial to man, but it has resulted in 
increased movement of diseases around the world. The threat of introducing new
diseases is perhaps greatest in tropical areas. Examples of diseases that could move
from continent to continent are the Asian downy mildews of maize, the Asia
bacterial diseases of rice, African cassava mosaic, moko disease of bananas, lethal 
yellowing and red ring of coconut, and soybean rust. 

Traditional agriculture in large areas 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
lenis. The 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 wihe
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. However, they are aware of these dangers
and have extensive activities to monitor changes in pests and pathogens to reducethe chances of potential disasters. A worldwide cooperative effort to monitor the 
world movement of pathogens, perhaps including other pests, should be established. 

All plant protectionists, entomologists, plant pathologists, nematologists, andweed scientists should work together to develop pest management systems. The 
problems that the world faces in crop protection are too challenging not to work 
together to solve them. 

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 financial 
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was equivalent to theloss in 1975 was estimated at over 75 billion dollars which 
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 

temperate and tropical zones. He emphasized the following factors: the greater 

availability of susceptible host material and the existence of a continuous favourable 
of the diseases which jointly result in moreenvironment for the development 


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 1. 
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.Christiansen and N.R. Thompson'
 
This report is part of a study started %ah"bitter potatoes" in 1971. It was completed

in the Physiology Department of the International Potato Center in 1976. The purpose of
the investigation was to identify: (1) the yield potential of "bitter potatoes"; (2) the 
nutritional value of "chufio" (dry potato); and (3) its use as a source of protein and 
calories in the countries of Latin America. 

Potatoes are an important part of the diet 
in the Andean zone. The per capita consump-
tion in Peru reaches 142 kg/year. In the high 
mountain plains, the consumption of potato in-
creases to 288 kg/year, including the use of 
chufio. 

These high mountain plains are considered 
to be the centre of origin of the potato and 
it is in this area that the greatest variability 
of cultivated and wild potato species is found. 
Among the cultivated species are found the 
bitter potatoes, Solantn juzepczukii and S. 
curtilobum, a group in which little work on 
genetic and nutritional aspects has been done. 
They are planted at altitudes of 3500-4500 m, 
in areas of deep frost, 

The bitter taste of the roots results from their 
high glycoalkaloid content. Bitter potatoes are 
resistant to low temperatures and are used by 
farmers only for making chufio. Cultivation 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 chufio was well 
known by the Inca culture. They used ittheir main assource of protein and calories. In 
ther mCinza de Le6n wrote that many
1550, ea de by tat any
Spaniards became wealthy by transporting and 

'Visiting Scientists from Ministry of Nutrition, 
National Potato Program, Lima, Peru, and from 
Michigan State University. Department of Food 
Science, East Lansing. Michigan. USA, respec-
tively, to The International 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 chuiio in the Potosi mines of Bolivia. 
Cobo, in 1653, mentioned that there were bit
ter potatoes that were not acceptable for con
sumption fresh, but that they were good for 
chufio and were so hardy that even though 
they were stored for many years they did not 
rot or deteriorate. In 1925, Saffort reported 
that he had found chufio. in perfect condition, 
in some pre-Inca tombs in the coastal region. 

Pre-Spanish Peruvians had a very rich diet 
from plant sources, consisting of 88 g of pro
tein and 2400 calories/capita per day. Included 
in this diet were both fresh and dried potato. 

The possibility of storing "bitter potatoes"
for several years in the form of chufio makes 
them an important source of proteins and 
calories. They are therefore more important 
than corn and wheat, which cannot be cul
tivated at high altitudes. Chufio, stored from 
the previous year, may make tip close to 80% 
of the diet of the inhabitants of the high 
Andean zone if heavy frosts damage other 
crops. 

Preparation 
pChunio preparation requires the climatic con

ditions that exist in the higher plains of theAndes, with very low night temperatures (-15
-20 °C), very high daytime temperatures 

(20-25 °C), and a low relative humidity (30
40%), especially during the months of June 
and July. 

After harvesting, the potato is allowed to 
freze and tha 
re w alternatively, during 3 nights

and 3 days. The roots are then squeezed to 
extract as much water as possible (eliminating 
a large percentage of the harmful gly
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Table 1. Effect of fertilizer on the yields of white chuflo, black chufito, and 
dry potato from clones 702445, 702443, and 702444. 

Fertilizer 
(N-P-K) 

702445
 
0-0-0 
80-80-50 
160-160-100 
240-240-150 

702443
 
0-0-0 
80-80-50 
160-160-100 
240-240-150 

702444
 
0-0-0 
80-80-50 
160-160-100 
240-240-150 

Fresh White chuflo Black chuflo Dry potato 
potato 
(t/ha) (t/ha) (%)' (t/ha) (%) (t/ha) (%) 

12.5 2.5 20 2.6 21 3.0 24 
23.0 4.6 20 4.8 21 5.5 24 
28.4 6.0 20 5.9 21 6.8 24 
34.0 7.0 20 7.1 21 8.1 24 

8.0 1.8 20 1.9 24 2.0 25 
18.0 4.0 20 4.3 24 4.5 25 
20.0 4.4 20 4.8 24 5.0 25 
21.0 4.6 20 5.0 24 5.2 25 

8.8 2.5 29 2.6 30 2.6 31 
20.5 6.0 29 6.1 30 6.3 31 
23.4 6.8 29 7.0 30 7.3 31 
24.0 7.0 29 7.2 30 7.5 31 

&Percentage 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 chufio is obtained. It is a dried, brown, 
almost black, root with a very strong flavour, 
To obtain white chufio 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 chufio. 

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 usc. 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 I shows the effect of fertilizers on 
yield. Fertilization does not influence the rel-
ative proportion of the production of chufio 
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 chufio there was a loss in total 
protein of 67-83%, in black chufio 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 exception of white chufio. 

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, ;i 
can be seen that all three have a considerabi
amount of dry matter, but in crude protein, 
black chufio and dry potato have four times 
as much as white chufio. All three products 
have more than 3000 calories; however, in 
usable protein, white chuflo has a low content 
(14 g), whereas dry potato has a high con
tent (66 g). To obtain 37 g of protein daily, 
one must consume 1502 g of white chuflo, 414 
g of black chufio, or 376 g of dry potato. Dry 
potato and black chuflio are the products that 
have the best balance of nutritional value al
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Table 2. Chemical analyses of processed bitter potatoes. 

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 chullo 
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 chuflo 
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 entry 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.Kjcldahl; crude protein - total nitrogen x 6.25; true 
protein - residue of alcohol washing at 80% of total nitrogen; and biological value 
obtained by the Stroptococcus zrmogenes microbiological method taking as reference the 
biological value of casein (100).' 

Table 3. Nutritional value of I kg freeze dried sample of products processed from bitter potatoes. 

Amount (g)
Dry Crude Usableb needed for 

Biological 
value 

matter 
(g) 

protein 
(g) Calories, 

protein 
(g) 

dietary 
requirementsc 

Fresh potato 49 250 79 840 14 1231 3571 
White chuilo 56 900 25 3597 14 1502 834 
Black chufto 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.)1100).

eDietary requirements - 37 g of protein and 3000 calories.
 

though dry potato has the largest protein losses of between 14.4 and 22.2 mg gly
content. coalkaloids are recorded. 

The processing of potatoes. cheaply and at Table 4 shows the total glycoalkaloids con
the small farmer and community level, is cx- tent in milligrams per 100 grams fresh potato 
tremely important in cold tropical regions to contained in each of the products processed 
help relieve the problems of storage. trans- from bitter potatoes. The low content of gly
portation, and marketing, and consequently of coalkaloids in white chufio and dry potato is 
food supply. The nutritional aspect of these shown. Considering the maximum tolerance for 
products is very important in the culd regions human consumption. fresh potato of this 
of the tropics because the intake of proteins species cannot be eaten. Even black chufio 
and calories must be increased. would barely be palatable. On the other hand, 

In the processing of white chufio, losses of dry potato is well within the limit of palat
7.7-14.7 ing of total glycoalkaloids occur dur- ability. 
ing freezing and thawing. During soaking, During the processing of black chufio, losses 
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Table 4. Total glycoalkaloid contento in products 
processed from bitter potato clones, 

702443 702444 702445 


Fresh potato 30.4 34.3 30.0 
White chuflo 4.2 4.4 2.5Black chuflo 18.0 16.5 14.9Dry potato 6.0 6.6 6.1
Dry__potato_6.0 _6.6_ 6.1_ 

Expressed as milligrams of total glycoalkaloids per 
100g or fresh potato. The maximum tolerance for
human consumption is 20 mg glycoalkaloids per 100g
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 chufio 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. Itthus 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. McCann' 
Cassava is an ideal crop for use in agro-industrial systems, where agriculture andindustry 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 potential are discussed. If research and development on 
both the "agro" and "industrial" fronts can proceed together, then 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, IITA, 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 

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 petrochemicals derived from oil. 
Many of these processes also require large 
amounts of energy, normally provided in the 
form of fossil 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
tries where there are little or no indigenous
fossil fuels. 

t Department of Chemical Engineering (and The processing of cassava by utilizing crop
Energy Research Centre), University of Sydney, residues to provide the energy leads to the con-
Sydney, Australia 2006. cept of an "agro-industrial system." Here there 
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is a close relationship established between in- protein extraction from cassava although
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. 

Processes
Agro-lndustrial Ption 

In Fig. I some possibilities for a cassava 
agro-industrial system are given. Although all 
of these industries could ultimately be inte-
grated in the one area, it is unlikely that this 
would ever be achieved. Development is most 
likely to occur on an individual basis corn-
mencing with the least capital intensive process
that is economically viable. Many of the pro-
cesses in Fig. I could be developed on either a 
medium/large scale or village scale, the ap-
propriate level depending upon the socioeco
nomic structure of each country. Some of these 
processes are discussed below. 

Leaf Protein 
Cassava leaves are rich in protein, B-caro-

tene (the vitamin A precursor), and vitamins 
BI, B2, and C. The leaf and leaf stem may con-
tain up to 30% crude protein (dry weight
basis) so that a yield of 15% crude protein may
be possible from the foliage. 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 (1971) was 
designed to be used at the village level and com-
prises a hammer mill and endless belt unit. The 
hammer mill breaks the tops into afibrous pulp
that drops onto the inside of the belt and is 
squeezed over a perforated or grooved cylin-
der. The juice is then coagulated by the injec-
tion of live steam, which also destroys any 
cyanogenic toxicity, and the coagulum is 
filtered.washed, and dried to a leaf protein con-
centrate. Differential fractionation into cyto-
plasmic and chloroplastic concentrates is pos-
sible with steam and this is one way of iemov-
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 

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 diets 
should be commenced as soon as possible.

The fibrous residue from leaf protein extrac
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
filtrate) 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 lies 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 (17%) than other starches 
giving it characteristics not unlike amylopectin 
starches e.g. waxy maize or waxy sorghum
(Knight 1974). It is in this area that cassava 
starch could make a significant 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 
he 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 10 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 cones 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 MJof primary fuel is required per tonne of roots 
processed. To this must be added a steam re-
quirement for drying, giving total primarya 
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 1100 MJ of methane gas,
which is sufficient to provide 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 large tank with sufficient volume 
to allow 15 days detention time (or less),
Methane is collected and stored in a gas hold-
er and used directly to generate steam and 
electricity. The residue from the digester still
contains all the nutrients present in the waste 
feed and can be utilized in an aquaculture
system to food inprovide high protein 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 leaf 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 
will provide an extra 2200 MJ. This may be 
desirable if methane is required for other uses 
- either domestic, industrial, or agricultural.
For example in the growing, harvesting, and 
transport of cassava about 7% of the farm
gate crop "energy" is required as input via the 
farming operations (McCann and Saddler 
1976). This energy, mostly in the form of 
diesel fuel 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

tural 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, 
butanol, and alcohol were once the major 
sources of these important industrial chemi
cals. However, with the development of a 
petrochemical industry based on cheap oil 
these processes soon fell into obsolescence. It
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 current pro
duction methods. Unfortunately developments
in fermentation technology have tendcd 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
icad 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 alcohol by the anaerobic 
action of yeast (Saccharomyces cerevislae). 
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Purification of the alcohol is then accomplished 
by distillation to yield either industrial alcohol 
(95%) or absolute alcohol, which may be used 
as a solvent or fuel substitute. 

Currently, alcohol fermentations are carried 
out mainly from molasses using batch fermen-
tation equipment. This usually consists of a 
number of large fermentation tanks where the 
sugar solution is held at about 32 *C 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 particularly attractive 
fermenter, which has not yet been applied to 
industrial alcohol manufacture, is the tower 
fermenter currently used in some brewing pro-
cesses (Greenshields and Smith 1971). This 
consists of a vertical tube in which flocculating 
yeasts are maintained in a stationary position 
by the upward flow of fermenting medium. 
The adaptation of this 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 $A215/t (including 25% 
return on capital). This compares with an al-
cohol from petroleum price of SA275/t. If cas-
sava yields could be further increased to 90-90 
t/ha costs would decrease to $AI75/t or 
SA5.9/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 derivatives could 
be produced. Thus there is considerable in-
centive for the development of a new con-
tinuous tower fermenter process based on cas-
sava. 

Butanol and Acetone 
The butanol/acetone fermentation of starch 

dates back to before World War I. Initially 
acetone was the main product, but with the 
development of nitrocellulose lacquers, butanol 
eventually became the main product. Clos-
iridium acetobutylicum is the organism used 
and it is capable of producing a 30% yield (on 
dry weight starch) of mixed solvent containing 
butanol, acetone, and ethyl alcohol in the ratio 
6:3:1. Distillation then yields the pure solvents. 
With current world market prices of $US400, 
$US320,and gUS300, respectively, a process 

based on cassava seems very attractive. Very 
little research was ever c rried out on butanol 
fermentation of cassava so that there is con
siderable basic experimental work to be done. 
The successful development of a continuous 
culture process would be a distinct break
through for medium to large processes and 
could result in a very simple plant, particularly 
as Clostridium acetobutylicum has its own 
amylase 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
fled to either carbon dioxide or hydrogen (for 
use in the hydrogen economy?) or convcrted to 
methanol by passing the gases over a suitable 
catalyst. Hence the "butanol fermentation" is a 
very powerful Irocess producing a variety of 
products capable of use as direct energy sup
pliers or indu #!-al chemicals. 

Sugars
 

Glucose 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 become available, cassava starch could 
be an important raw material, since the pre
ferred source is largely a matter of economics. 

It is,however, slightly easier to hydrolyze cas
sava starch because of the low protein content. 
liquefaction of the starch slurry is first carried 
o:t at a temperature of 90-100 'C using a bac
terial amylase: saccharification by an amylo
glucosidase at a temperature of 60 'C then 
takes place. Acid can also be used for the 
hydrolysis, but is less desirable because of the 
introduction of unwanted ions that tend to 
contaminate the process solution and must be 
removed before crystallization. Finally the 
syrup is cleansed by an ion exchange column, 
concentrated by evaporation, and crystallized. 

Glucose is used primarily 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 
invcrtase 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 Protein 
One of the problems with cassava when used 

as a human food is its low protein content (I 
2% crude protein). If 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 mashusing 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 (Macl.ennan 1975) where-
by yeast is grown on hydrolyzed starch anl 
harvestedharvested a concentrated source 

could be made are: () leaf protein concen
trate; (2) residue utilization; and (3) fermen
tation studies. If substantial research p,-ograms 
could be established in these three areas then 
both agricultural 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 and A. J. De Boer' 

The allocative efficiency of the Fijian root crop producers in the Sigatoka Valley,Fiji, is measured using estimated elasticities of production and marginal value products ofthe four production factors - land, labour, capital, and current expense. The root crop 

'Department of Agriculture, Fiji, and Department of Agriculture, University of Queensland, StLucia, Queensland 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. It was found that the most 
efficient root crop producers are those farming the light-textured soils in the lower Sigatoka
Valley and the most important 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-
suits on the efficiency with which the Fijian
farmers in the Sigatoka Valley, Fiji, allocate 
their farm resources st', h as land, labour, capi-
tal, and current expenses to produce cassava, 
sweet potatoes, taro, yams, and Irish potatoes.
The 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 allocative 
efficiency isdefined as the efficiency with which 
the above listed farm inputs are 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 (Chandra et al. 1974). 

Research Methods 
Two-year farm management data, coveringtwoear fambmanaee d0tan Octoer 972the period November 1970 to October 1972, 

from the Sigatoka Valley, Fiji, were utilized 
for this study. When the study started in the 
first year there were 26 Fijian farms from five 
villages and 38 Indian farms from eight settle-

tion chosen to describe this input-output rela
tionship is the Cobb-Douglas type of produc
tion function which, for this study, can be 
written in logs (to the base e) as: 

In Y = lnKi + a,InAj + al nLj + 
aa InCj + a 4 InEj + U 

where: Y = gross output of farm i (value of 
all crops based on farmgate prices); K = a 
constant; A = land (farm size, ha); L = labour 
(manhours); C = capital (capital service flow 
deflated by crop-time ratio, that is the actual 
time a crop occupied the ground); E = cur
rent expenses (cash costs); a, . . . a, = 
elasticity of production of each of the above 
factors; and Uj = the random error term. 

The Cobb-Douglas type of production func
tion was chosen instead of other types of pro
duction functions partly because of the ease of 
computation this function involves and partly 

because the regressiun coefficients of real 
variables are also the elasticities of production. 
The elasticities of production are used to estimate the marginal value products of the production factors, which are the important 

parameters for the test of allocative efficiencyon the farms. The Cobb-Douglas type of pro
on frms.he nb-ogs terefo

duction function is linear in logs and therefore 
nients throughout the Sigatoka Valley. the data in the leastth Sigtok In the squares regrcssion analysis requires log transmeris trouhou Valey Intheto fit the function to 
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-
lion as has been done in many other studies 
(Wassell and Johnson 1968; Yotopoulos 
1968). The observations for the 2 years were 
pooled so as to derive aggregate production
functions for Fijian and Indian farms, 

A Model ei 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-

formations of all real variables. 

Zero-One Dummy Variables 

Zero-one dummy variables were also incor
porated in the regression equations to sort out 
the effects of environment, such as region and 
soils, 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 C, were distinguished on 
the basis of texture, water retaining capacity,
and general fertility, which together represent
the suitability of a soil for growing crops. Soil 
C ispredominantly sandy loam, whereas soil B 
is mostly clay. All the soils are of the Sigatoka 
Series, which is comprised of the flood plains 
of the Sigatoka River. 
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Table 1. Estimated marginal value products ($) for Fijian and Indian farms. 

Equations 

Land (ha)
Labour (manhour) 

Capital ($)
Expense (S) 
Year 
Lower Valley 
Middle Valley 
Soil A 
Soil B 

Fijian 

A B C 

36.00 
0.286 

30.85 
0.272 

14.14 
0.327 

4.61 5.02 4.87 
1.92 2.04 2.11 

145.98 
100.10 

-29.44 

The production model with the inclusion of
dummy variables can be written as: 
In Yj = InKj + aolnAj + a ,InL, + 

a3 lnCj + a41nEj +aRRj + ajRj + 
a7 SIJ + a8S.j + 011T + U

where R, and R2 = dummy variables for the 
lower and middle valley; So and S = dummy
variables for soil A and soil B; t =dummy
variable for year; and where all other symbols 

Separate regression runs were made withSearateummyevriess rs maeeach dummy variable set so as to compare
their effect on each production factor, 

Marginal Value Products and Optimum 
Resource Allocation 

The elasticities of production used towere 
calculate the marginal value products of each 
factor of production. The marginal value prod- puct of an input factor is the value added to theThegros outiputbyctois addth vue oed o ut 
gross output by the addition of one more unitof that factor. Marginal value products of
variables are calculated at the geometric means 
and a detailed 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. If (MVP/MC) is 
greater than 1, then the use of that resource 
should be expanded because the cost to the 
farmer of one unit of that resource is less 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. 

Indian 

D A B C D 

62.48 
0.298 

159.21 
0.083 

153.34 
0.165 

173.72 
0.076 

158.87 
0.084 

5.34 
1.37 

5.14 
2.96 

5.26 
2.56 

5.07 
2.83 

5.17 
2.96 

124.88 
-143.46 

-100.59 
-128.28 

-36.78 
-8.52 
-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 
capital resources or available labour for farm 
use. Hence optimumfarms resource allocation oncan only be discussed in the context offixed maximum resource levels. Any realloca
tion of resources can only be done within such 
constraints. In the Cobb-Douglas type of pro

duction function a limited capital assumptionimplies that the capital should be allocatedamong 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 landmarket, the value of land was derived by subtraction after the other production factors,
which are based on the level of resource use 

market price of land is the average land rentpaid on the Fijian and Indian farms. Themarginal cost of I 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

culatcd from the elasticities of production are 
given in Table I. Table 2 shows the optimum 
resource allocation with limited capital on 
Fijian farms, holding various resources at fixed 
levels. 

Discussion 

On the Fijian farms, which are mostly en
gaged in the production of cassava, sweet po
tatoes, :aro, yams, and Irish potatoes, the 
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Table 2. Optimum resource allocation, Fijian farms. 

(1) 
Sample mean 

level ha 1 
($) 

(2) 
Ratio of 

marginal value 
product to 

marginal cost 

(3) 
Optimum resource 

allocation with 
limited capital 

($) 

(4) 
Optimum resource 

allocation with 
limited capital and 

land area fixed 
(S) 

(5) 
Optimum resource 

allocation with 
limited capital 

and labour fixed 
(S) 

Land 172 7.18 
Labour 59 1.53 
Capital 
Expense 

19 
29 

4.61 
1.92 

Total 279 

factors of production, in decreasing order of 
importance were labour, capital, expense, and 
land. On the Indian farms, where very few 
root crops are grown (mostly Irish potatoes), 
the order of importance of the production 
elasticities in all the equations was land, capi-
tal, expense, and labour, 

The Fijian root crop production system re-
lies heavily on labour input and to a lesser 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 reflects the high biologi-
cal yields of the root crops -that is, large 
amounts of food can be produced per unit area 
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 
the agronomy of these crops, especially in the 
preparation of planting material and in the 
harvesting task, relies wholly on hand labour. 
In the Indian 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 have more capital 
investment but also because the crops they 
grow permit the use of such items. This is one 
reason for the low dependence on labour in-
puts on the Indian farms because of some sub-
stitution possibilities of labour by capital. The 
low importance of cash expenses in the Fijian 
production system reflects the abundance of 
root crop planting material usually present on 
the farms. These materials have no direct cash 
value. Only Irish potato seeds have to be pur-
chased annually. 

44 172 56 
106 48 59 
90 41 115 
39 18 49 

279 279 279 

The only significant dummy elasticity of 
production in both farming systems was the 
year effect on the Fijian farms. This was mainly 
caused by the 57% higher price of cassava in 
the second 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 present inflationary period in Fiji. 

The inclusion of the dummy variables im
proved the explained variance of the Fijian 
farms by 1-4%, but made 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. 

F.stimated Marginal Value Products 
The estimated marginal value product of a 

hectare of land on Fijian farms is about 22% 
of that of the Indian farms. This reflects the 
relatively low gross revenue per hectare of the 
traditional root crops such as cassava and 
sweet potatoes produced by the Fijians. 

The estimated marginal value product of a 
manhour of labour for Fijians isnearly 300% 
higher than that of the Indians and 58% higher 
than the marginal cost of labour. One of the 
reasons 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 I 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 indiice farmers 
to invest more in capital items and equipment.

The estimated marginal vAlue 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 $100.10 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 grossoutput would be the point nearest to such 

markets and this is the lower valley. The upper

valley is the second most suitable region since 

here Irish potatoes grow best because of cooler

winter night temperatures. The high price ob-

tained for this crop outweighs some 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 soils (soil C) and 
lowest on clay soils (soil B).

On the average Indian 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 Indians 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 Indian farms partly because the Indians 
grow a wider range of crops and partly because
the higher capital investment on Indian farms 
means they are more technologically 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 level 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 limited capital, which is a situation 
most likely to be met in the farming com
munity, the policy recommendation would be 
to increase substantially the labour, capital,
and expense inputs and decrease land input.
However, if the land 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 
land input. 

Conclusions 

This study has shown that the Fijian root 
crop producers can make some 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 level.
The achievement of allocative efficiency in the 
root crop production system would be the
fundamental goal of the farmers and agricul.
tural administrators once more and more crops 
are marketed for cash sale. This is because the 
root crops offer the best possibility to meet the 
demands for low-priced food crops from the 
urban poor. 
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The Importance of Cassava Processing in the Economy 
of Colombia 

Hugo Valdes Sanchez' 

A large number of countries, including Colombia, can never hope to be self-sufficient 
in certain cereals such as wheat, and thus it is vital to expand production of other crops 
that are known to grow well. Cassava flour is an adequate substitute for wheat flour.Thus, 
as an 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 
some of these crops, cassava is easy to grow, is 
not alfected 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 important 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 sonic areas in 
Colombia yield 25-30 t/ha, it is clear that 
certain areas are producing at a level 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 some 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
suited in a considerable saving in foreign ex-
change by reducing the quantity of wheat that 

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 view of saving foreign exchange 
and as an investment against a future world 
food crisis. 

If the future level of imports of wheat into 
Colombia is taken at 400 000 t/year with a 
flour extraction factor of 75%, the volume of 
flour would amount to 300 000 t. If 10% cas
sava flour 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 
averge 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$ I = 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-
IFederaci6n Nacional de Cafeteros de Colom-

bia, Programa de Desarrollo y Diversificaci6n de lion tons. This occurred at a time when an in
crease of some 25 million tons was needed toZonas Cafeteras. Apartado Areo 30244. Bogotii. 

Colombia. meet the requirements of an expanding world 
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population. This crisis was more serious in the 
developing countries than in the devdoped 
countries due to a higher population growth in 
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 o 
cereals to levels that many countries could not 
afford. Although prices subsequently declined 
to more realistic levels, they would again show 
an upward trend if there were to be a crop
failure, or even a partial crop failure, in any 
one of the major producing areas in the world,There is evidence that this could possibly occurin 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 asmuch food as possible to feed an expanding
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 increased
frompu.1mltion in 1970lobia h4. l incefrom 21.1 million in 1970 to 24.5 million in 
The present increase is at the rate of 2.9%
Teprsen t o uincrase ismatntae teper annum and if this is maintained the popu-

lation will double by the end of this century. 

FAO/UNDP Mission to Colombia 
At the request of the Government of Colom-

bia, a FAO/UNDP mission visited Colombia 
in 1967 to define a suitable pilot project for the 

adefroposie four locllyprodcedrawproduction, processing, and utilization of com
posite flour made from locally produced rawmaterials. A technical and economic survey 
was undertaken on cassava and the mission's 
report included the following main recon-
mendations: yaccepted, no progress can he made in either(I) The Government should initiate a study 
on the feasibility of producing baked products
made from locally produced raw materials, the
testing of these products, and the determina-
tion of their acceptance to the public, 

(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. 

IN THE COLOMBIAN ECONOMY 

This revealed that the production of flour from 
cassava could be an economical operation. 

Market Factors 
M a e to 

Fresh cassava is a staple item of diet in 
Colombia, and normally the highst price
would be obtained for the fresh product in the 
urban markets. The nearer the production 
areas are to the main centres of consumption,
the less likely they would be to have a pro
cessing industry that could be supplied with an 
adequate and regular supply of raw material atreasonable prices. A farmer's idea of price isthe highest price he has ever received for aspecific product in the past. However, it is possible to convince farmers of the financial ad
vantages of selling substantial quantities ofproduce for processing at prices lower
those to which they have 

than 
been accustomed,

particularly if advice and assistance can begiven to enable them to obtain greater yields
from the same area of land.There is always an element of risk in ensuring that processing industries can be made eco

nomically viable, and this particularly applieswhen the raw material is highly perishable as isthe case with cassava. One of the risks, and 
perhaps the main one, is to ensure that there 

will be adequate supplies of raw material tokeep a plant in full production. 

However, particularly with highly perishable 
crops, farmers are sometimes reluctant to increase their production unless they know thatthere will be an assured market outlet at cco
nomic prices for the entire quantity harvested. 
Therefore, plans for introducing processing industries may not be put into effect due to the 
unavailability of an adequate supply of raw 
material. Consequently, if these factors are 

direction. It is considered that if a small model 
plant was established in one of the main cas
sava producing areas it would have the effect 
of increasing production to a level that would 
support a processing industry in addition to 
supplying market requirements for the fresh 
product. If the economic viability of such a 
pilot plant could be clearly demonstrated,
others would be quick to respond and further 
plants might well be established in other areas. 

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: land 50 000; buildings 660 000; local 
equipment I 318 600; imported equipment 
1 100000; labour costs 350 000; and cost of 
installation 300 000. The cost of this project 
(3 778 600 pesos) is being financed as follows: 
Comit6 de Cafeteros del Quindio 10%; Fe-
deracaf&Prodesarrollo 10%; Productos Ramo 
4%; and Agricultores del Quindio 76%. 

The plant will be capable of processing 10 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 10 
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 operation 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 

each per day. This possibility will be given con
sideration when the pilot plant is 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 appropriate time if this were justified by 
an increase in production of the raw material. 
At a later stage consideration could also be 
given to processing other products such as cas
sava chips, pellets, meal, etc. 

Experiments have already been undertaken 
on the production of frozen cassava. This was 
successful as the product was of a high quality 
with a good appearance. It was readily ac
cepted by the supermarkets in Bogota, and 
requests have been received f-r 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: (I) farmers 
would be encouraged to expand production of 
cassava as they would have an assured market 
at stable prices; (2) Colombia would be less 
dep,:ndent 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 
high rate of unemployment, and thus it would 
assist in decreasing the flow of workers from 
the agricultural areas into the large cities. 

A Profile of Thai Cassava Production Practices 

Truman P. Phillips' 

This paper presents some 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: ( I ) the prediction of total cassava production 
and acreage in Thailand for 1974 and 1975; (2) the identification of major sets of produc

tSchool of Agricultural Economics, University of Guelph, Guelph, Canada. 
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tion practices; and (3) the identification of factors encouraging or discouraging the us(.
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 (501 farmers). 

Thailand, the leading exporter of cassava 
products, differs from most, if not all, other 
cassava producing countries because it exports 
over 90% of total production. In spite of this 
marketing difference, 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 (2781 271 rai) of cassava were 
planted by 137 087 farmers (approximately 
90% of total cassava area); whereas in 1975, 
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 
lower in the three more important changwats
(Chonburi, Rayong, and Nakhonrachsima) 
than in the "newer" less important 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, 
planting isevenly spread out over the year with 
a slight peak occurring in May and June. In the 
other changwats more than 50% of planting 
ocurs in April and May. 

The above cursory examination of the data 
provides some 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 legisltv'ion to restrict cas
sava acreage (this is possible if recent Govern
ment policies aimed at limiting the spread of 
cassava production are successfully 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
(the level achieved in the older producing
areas), total cassava acreage could increase by
116 000 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 increasing 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 I. 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 at a 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 latter, the most im
portant are inherent soil capacity, weather,
disease, and insect problems. Of the former, 
the most important are varieties, purchased
inputs, and labour utilization. 

Exogenous Factors 
Owing to resource (financial and personnel) 
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Table I. Distribution of yields. 

of farmersYield level(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 flooding having a yield 
of less than 9.4 t/ha. Only 28% of the farmers 
having no water problem had yields below this 
level, 

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 yields. At the other extreme, 
zones with less than 15% of the farmers having 
low yields, exogenous factors do not seem to 
be related to yield level, 

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 
Given 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-
duction practices is impossible. However, ex-
amination of individual factors and observed 
combinations of factors should provide some 
indication of those endogenous factors that 
make the greatest contribution to production. 

One factor that might be assumed to affect 
yield is variety, but this proved to be insignifi-
cant, both for specializing and nonspecializing 
areas and at the Kingdom level. Based on 
identification of varieties grown (the choice 
being government or local varieties), it was not 
possible to distinguish between the distribution 
of yield for the two broad variety classifica-
tions. 

Soure of stake did not appear to affect 
yield (37% of the farmers bought their 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

ever, those who used 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 I month). 

Thus, of all the factors relating to varieties 
and storage, only roofed storage seemed to 
have any positive effect. Whether higher yields 
resulted from method of storage, or whether 
better storage merely reflected overall superior 
management, 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 bulk of the loans are borrowed 
and repaid in cash ($26 426 906 versus total 
borrowing of $27 910 413). 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 Agricultural 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 
between 10 and 15% interest and an additional 
37% of the farmers paying over 25% interest. 
Availability 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 several factors 
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 
effect is associated with two other factors: (I) 
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 areas 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 areas borrow more money 
than those in the nonspecializing areas (aver
age 	$264 versus $223). 

A remaining endogenous factor that may 
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Table 2. Labour requirements (man days/ha)
for basic production activities, 

Thai study CIAT study 

Land preparation
Planting 

10.2 
9.9 

_" 
9.4 

25.0" 
11.4 

Cultivation
Harvesting 

32.7
19.9 

46.8
30.7 

437
24.6 

aMachinery used for land preparation.
bNo machinery used for land preparation. 

affect 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 some form of mecha-
nization, and an additional 27% using animal 
draft power. All other field activities are ac-
complished primarily by human labour, 

At the Kingdom level the only production 
practice that appreciably affects 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. It 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
practices in the old and new cassava producing 
areas appear to be similar and equally suc-
cessful. The only endogenous factors that seem 
to be identified with yield improvements are: 
(!) 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 influence 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 areas are markedly
different. If this finding can be substantiated it 
will cast some doubt on the generally accepted
Thai belief that, in time, the productivity of 
cassava areas is drastically decreased. This sur
vey will, however, not be able to assess if dif
ferences in soil and topographical conditions 
in the old and new areas will prohibit the latter 
areas from duplicating the long run production 
practices of the old cassava producing areas. 

Some Benchmark Values 
Whereas the preceding analysis provides 

some indication of the factors affecting yield, 
it does not provide all the information re
quired for international comparison of produc
tion practices. This section contains some of 
the data required for such comparisons. 

As noted, Thailand differs from other cas
sava producing countries in terms of the 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 difference between the two 
countries regarding the time needed for plant
ing, but Thai farmers appear to require less 
labour for weeding, cultivating, and harvesting, 
than 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 isapproximately 15 t/ha 
versus l It/ha in Colombia. 

The Thai farmer also differs from his 
Colombian counterpart in that the former 
rarely intercrops cassava, whereas one third 
of the latter farmers do. Cassava in Thailand 
is,of course, grown in competition with other 
crops. Although the farmers' anticipated re
sponse to increases or decreases of cassava 
acreage is basically symmetrical, 10% of the 
farmers suggested that they would grow vege
tables, flowers, fruit, or other high value crops
if cassava acreage were decreased. 

To conclude this section, an examination of 
the potential profitability of cassava is pre
sented. The gross margin of cassava produc
tion is used as a proxy measure of cassava 
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profitability in the two countries. Gross margin 
is defined 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 $11 I/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 It may in fact be the 
Thai's ability 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 land 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 
some 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 the methods of production are fairly con
sistent in different areas of Thailand, albeit 
factors such as weather, credit, farm size, and 
method of field preparation appear to affect 
yield. Furthermore, the comparison of Thai 
and Colombian production practices suggests 
that any competitive 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 
Agricultural Economics (DAE), Royal Thai 
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, for 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 
0. L.Okei 

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 thiocyanate (used for sickle cell crisis and certain hypertension), salicylic acid and 
isomers (an antipyretic and analgaesic). and hydrocyanic acid (a potent cytotoNin). 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 highly 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 
high in cyanogcnic glycosides, this might account for the prophylactic property that results 
in rarity of sickle cell anaemia and bowel cancer. 

1Chemistry 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 Leguminoscac families, it occurs 
in the form 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 many
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 system;
several nitriles have been isolated from Lathyrus
species, known to be the neurotoxin respon-
sible for lathyrism, e.g. 3-aminopropionitrile, 
/3-cyano alanine; the aglycon methyl azoxy-
methanol is known to account for some of the 
following neoplastic exhibitions in rats: renal 
adenocarcinoma, hepatic carcinoma, colonic 
carcinoma, and renal mesenchymal tumour, 
Ingestion of cassava (HCN) has also been sug-
gested as the cause of goitre in man and in 
animals. Thiocyanate (arising from detoxica-
tion of I-CN or from glucosinolates) may pro-
duce enlarged thyroids in animals, whereas the 
severe growth depression exhibited by pigs, 
chicks, and rats consuming 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 varies with variety, environment, and age. 
Oke (1969) also 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. 

Ingestion of Cyanogenic Glycosides 

About 200 different compounds have been 
isolated from coffee and about 100 from 
oranges. Thus a cup of coffee at breakfast fol
lowed by a drink of orange may result in an in
take of about 300 compounds, some 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 lot of protein, fat, and 
vitamins), must have consumed a large amount 
of these glycosides. Over the generations the 
body had developed an effective mechanism 
for coping with the high intake of this corn
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
nocobalamin. Others include reaction with 
3 -mercaptopyruvate to form thiocyanate and 
pyruvate, and reaction with cystine to form 
cysteine and 3-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 
hydrolysis by fl-glycosidase, an enzyme pro
duced by intestinal bacteria as well as the body, 
they yield glucose, hydrocyanic acid, and either 
benzaldchyde (or its analogue) or acetone. 
The hydrocyanic acid is detoxified by conver
sion to thiocyanate by means 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 
isomers (in case of the glycosides with p-hy
droxybenzaldehyde aglycon). Thus ingestion 
of this water-soluble complex compound has 
produced some metabolites of specific chemi
cal compounds that are physiologically active. 

(I) 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 least those 
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responsive to a serum level of thiocyanate of 
over 4 mg% induced by administering thio-
cyanate medically) are partially related to de-
ficiency of thiocyanate (and hence cyanogenic 
glycoside) in the diet. 

(2) It has been found that the efficiency of 
Urea IV solution used for sickle cell patients
during crisis is actually due to the cyanate con-
tained in it. Here is another case where ade-
quate intake of thiocyanate (i.e. cyanogenic 
glycoside) in the diet is related to some ail-
ment. 

(3) Benzoic acid, originally obtained from 
beechwood bark, has certain antirheumatic 
and antiseptic properties and was widely used 
prior to the advent of salicylic acid. Salicylic
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 the 
deficiency of cyanogenic glycosides spells a 
concomitant deficiency in dietary salicylic 
acid and isomers and benzoates with their anti-
septic, antirheumatic, and anti-inflammatory 
effects, 

(4) Hydrocyanic acid is useful in the pro-
duction of cyanocobalamin (vitamin BI..)
from the provitamin B12 or hydroxocobalamin 
(B1 ,). In the presence of light the former is 
converted to the latter, which can then react 
with cyanide to regenerate vitamin BI... The 
great affinity of vitamin B1, for cyanide is due 
to the presence of cobalt in the molecule, 
Baxter et al. (1953) have shown that ampules
of BI,2assumed to hold 100 mg of cyanocobal-
amin contained varying percentages of hy-
droxocobalamin (B, 8 ). Undoubtedly some of 
the vitamin B12 existing in the liver occurs in 
this form, the total amount being less than 100 
mg (Drouette et al. 1953). 

A closer look at this definition (which is 
more or less the definition of vitamins) might
imply that these glycosides (in small doses) 
might be playing the role of a vitamin. Other-
wise, why are certain diseases that were very 
rare in early man (who consumed as much as 
8000 mg/day) 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 fruits and vegetables. Can it then be that 
changing from primitive food to refined food 

has resulted in the omission of some important 
dietary factors that now express themselves in 
the form of new diseases? 

Sickle Cell Disease
 

Sickle cell disease is probably the best under
stood of the genetic blood disorders, and on 
the biochemical level it is probably the most 
completely understood disease of man. Pauling 
et al. (1949) have proposed that a surface 
region of the globin near the iron atom in the 
sickle haemoglobin (which is absent in the 
normal one) may, on deoxygenation, permit 
complementary interaction with other sickle 
haemoglobin causing alignment, birefringence,
and distortion of the cell membrane (Castle 
1974). He therefore referred to sickle cell 
anaemia as a "molecular disease," and further 
proposed that molecular diseases could be re
solved by the proper supply of physiological 
and dietary substances. The most promising of 
these physiological substances are the hydrogen
bond breaking agents such as cyanate and 
thiocyanate. Levine et al. (1974) assessed the 
aggregation of sickle cell haemoglobin in the 
presence of various solutes and found that 
polymerization was inhibited by inorganic ions 
in the following order: Cl-, NO,-, Br-, I-, 
SCN-, with thiocyanate being profound. The 
effectiveness of urea may be due to the cyanate 
being in equilibrium with the urea in solution. 

Cerami and Manning (1971) and Manning 
et al. (1972) have shown that cyanate irre
versibly inhibits sickling of red blood cells in 
vitro and extends the life span of treated sickle 
cells to near normal range in vivo (Gillette et 
al. 1971; Cerami 1972). The beneficial effect 
has been attributed to carbamylation, giving a 
protein 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 II months 
have resulted in fewer crises, definite haema
tological improvement, and a decrease in the 
haemolytic anaemia without significant ad
verse effects (Gillette et al. 1972, 1974). How
ever. since the repaired cells will be subse
quently replaced it means a continuous carba
mylation throughout life with sodium cyanate.
In accordance with Pauling'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 level obtained in 
those patients being treated with thiocyanate 
(Gillette et al. 1972). This therefore suggests
that people consuming the glycosides should 
derive some 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 cyanatc derived from these foods 
will be acting as a prophylactic, 

Apart from cyanate (from cyanide in the 
tropical diet), another factor that might have 
contributed to the beginning nature of sickle 
cell anaemia in Africa is the effect of salicylic
acid and its isomers, which are released along
with hydrocyanic acid on hydrolysis 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 Fagara zan-
thoxyloides used extensively in Nigeria instead 
of tooth brush and paste, contained sonic 
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 like the Fagararoot, 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 the 
most common one is that of the large bowel. 
This cancer, which can also be called social 
cancer, has a strong link with alternations in 

dietary habits. It 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. itAccra with 
a total of 1192 cases of cancer only 1.8% were 
bowel, Nairobi 4206 and 2.5%; Dakar 1838 
and 2.5%, respectively. Breener and Ackerman 
(1970) reported rarity of large bowel cancer 
and extreme rarity of intestinal polyps in 
Johannesburg Bantu. Burkitt (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. Hydrocyanic acid and ben
zaldehyde are two very powerful cytotoxins
which, when reacting together, give a powerful 
synergy several times (about 40 times) greater
than the arithmetical sum of their separate 
toxicitics. Otto Warburg found that fermenta
tive metabolism rather than respiratory metab
olism plays a large role in cancer. This uses 
less oxygen (in the free state) and hence oxida
tion of benzaldchyde occurs much more slowly
in the neoplastic cells. Moreover, the neo
plastic cells are devoid of rhodanese but are 
surrounded instead by another enzyme G-glt
cosidase, secreted 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 
unoxidizcd benzaldehyde in the neoplastic cells 
and the multiplication of cytotoxicity that the 
combination affords, the neoplastic cells stiffer 
a lethal cytotoxicity and kill the cancer cells 
while the hostal or somatic cells are totally un
affected - except in a beneficial manner. We 
therefore have a highly selective substance that 
shoots at the enemy only; toxic to the cancer 
cells and completely nontoxic to normal cells. 
In a series of experiments 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 
appearance of lung metastases and increased 
the 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 arc pro
phylactic against cancer. 
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Relationship to Other Diseases 

If the above hypothesis on cancer is correct 
then the same principle should apply to other 
pathological cells that are rich in fi-glucu-

ronidases or/3-glucosidases but lack rhodanese. 
A good example is schistosomiasis caused by 
infection of Schistosomiasis haemnatobium and 
S. mansoni. Patients with this disease excrete 
as much as 3.08 units/ml of B3-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 have been 
obtained using amygdalin, especially with S. 
japonicum and most other blood flukes living 
in the blood stream wherc they can absorb the 
glycoside. Similarly, the application of amyg-
dalin causes the egg production of S. mansoni 
to drop from 100-200 per day to zero. Krebs 
and McNaughton (1963) studied some species 
of snails such as Helix poinazus and found 

they possessed B3-glucuronidase or )3-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,' ' P. Bourdoux,",3 M. Camus,3 M. Gerard,1 

M. Mafuta,' A. Hanson,' and A. M. Ermans'-3 

Previous investigations on the goitre endemia of Idjwi Island (Eastern Za'ire) 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 Zaire) where cassava is also a staple food. 

Very low renal excretion of iodide (11.3 Ag/day) and high thiocyanate content in 
serum (0.83 mg/100 ml) 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 level 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 critical 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 1975). Since 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 /ig/ 
day. If 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 (Yamada 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. 
1974). This is a very widespread disease 
which affects more than 200 million people 

Goitre Programme in Zai're of CENIUBAC 
(Centre d'Etudes MFdicales de l'Universit6 de 
Bruxelles dans les Actions de Cooperation,
Belgium) - IRS (Institut pour la Recherche 
Scientifique, Zaire) (I), Departments of Pedi-
atrics (2) and of Radioisotopes (3), University 
of Brussels, Belgium. 

(Kelly and Snedden 1960). The main cause of 
endemic goitre is iodine deficiency, but the 
additional role of natural goitrogens has been 
demonstrated in several regions of the world. 
In particular, results from Nigeria (Nwokolo et 
al. 1966; Ekpechi 1967; Oluwasanmi and Alli 
1968; Ekpechi 1973) and from Za'ire (Delange
and Ermans 1971; Ermans ct al. 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: (I) 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 
large amounts of a cyanogenic glucoside, 
linamarin. 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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100 "1 TYR. UPTAKE dose) and 7% (Thilly et al. 1974). It is about 1500 
km from the Kivu endemia (Delange 1974), 

RICE and has a totally different biotope, consisting 
.aAAessentially of tropical forest. The population 
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Fig. 1. Comparison of the patterns of thyroidal 
uptake of radioiodine and urinary excretion of 
stable iodine in the control group (rice meal) andthe assaa grup.Thyroidal
the cassavat g4ro1p, 

tration with the intrathyroidal processing of 
iodine (Rahen 1949; Wollman 1962; Scranton 
1969). This two-fold action reduces the quan-
tity of iodine available for hormone synthesis 
and increases iodine excretion through the 
urine. This situation could induce or aggravate 
a state of iodine deficiency and thus provoke 
goitre, 

If this pattern is correct, it m y be expected 
that cassava consumption by man will be fol-
lowed by: ( I ) an increase in urinary excretion 
of stable iodine; (2) an increase in the level of 
blood thiocyanate; and (3) an increase in the 
level of urinary thiocyanate. 

Finally, there should be some 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 Zaire. 
This is an exceptionally severe endemia where 
goitre affects 70% of the total population and 
the prevalence of cretinism varies between I 

lives almost entirely off locally grown food. 
Cassava is a staple food. 

We studied a sample of 677 randomly 
selected inhabitants, of both sexes, between 1 
and 80 years of age, and all clinically euthy
roid. Results were compared with correspond

results obtained in a similar study of 71 
inhabitants of Idjwi Island in Kivu (Eastern 
Zaire), and those of 116 normal Belgian sub
jects used as controls. 

Urinary iodine was determined by the 
Riley 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 

effect of a cassava meal on iodine metabolism. 
uptake of radioiodine and daily 

urinary excretion of iodide were compared in 

two groups of 22 patients each, matched for 
their 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. I shows that the uptake values in 
the cassava group are consistently lower than 
those of the control group but the difference 
is not significant until the 24th hour (p < 
0.05). However, during this period, urinary 
excretion of stable iodine rises to 18.1 ± 1.6 
p/g/day in the cassava group, compared with 
9.3 ± 1.1 uag/day in the control group. The 
difference is highly significant (p < 0.001). 

In a second investigation we studied the in
fluence of cassava consumption on the serum 
level of thiocyanate. This level was determined 
in a group of 10 subjects before and after con
sumption of substantial quantities of cassava 
over a period of 3 days. Corresponding assays 
were performed ina control group fed with 
rice. The serum level of thiocyanate did not 
vary in the control group, but increased in 8 
out of 10 patients in the cassava group. The 
average level rose from 0.32 to 0.47 mg/100 
ml. 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 ml in the cassava group. This differ
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Fig. 2. Relationship between scru4n and u.'inary thiocyanate concentration in 138 epidemi goilrc 
patients. 

encc is slightly significant (p < 0.05). 
A third investigation concerned thc action 

of chronic cassava consumption on the levcl 
of urinary thiocyanate. This was accomplished 
by the Zalirean 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 went back to his tradi-
tional diet. Thiocyanate concentration varied 
considerably from day to day. However, the 
average concentration after 4-7 weeks in 
Zalire (0.5 mg/ 100 ml) was still the same as in 
Brussels, whereas in the 3rd month after the 
return to Za~ire it increased to twice its Brussels 
level and in the fifth month rose to five times 
the original value. 

The next stage consisted in looking for bio-
chemical signs of iodine deficiency 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 elgian controls, daily renal excretion 
of iodide is 51.2 :t 5.8 jig/day, that of thiocya. 
nate 6.7 ± 1.3 mg/day and the blood concen
tration of thiocyanatc 0.22 ±t 0.02 mg/I100 ml. 
In contrast, in thc two African populations thc 
values for urinary excretion of iodide were 
greatly rcduced (12.6 and 11.3 jig/day respec
tively), while urinary excretion of thiocyanate 
(14.3 and 11.3 mg/day) and blood concentra
tion of thiocyanate ( 1. 10 and 0.83 mg/I100 ml) 
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 deterniined 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. This suggests that, above a critical blood 



240 TROPICAL ROOT CROPS SYMPOSIUM 

3 

Urinary SCN" concentration 

(mg/100 mt) 

o Males (100 subjects) 
* F emales( 140 subjects) 

2

0. I " 

0-4 5-9 10-14 15-19 20-24 25-29 30-39 40-49 50-80 
Age groups Cyears 

Fig. 3. Ev'olution of urinary thiocyanate concentration as a function of age and sex in the Ubangi 

area. 

threshold, further intakcs of thiocyanate in-
crease the urinary concentration of the ion 
without perceptibly modifying blood conccn-
tration. Blood thiocyanate levels are extremely 
variable and exceed 1.5 rng/ 100 ml in 20% of 
the cases. 

During separate investigations in Belgium 
we established that above this critical level 
thiocyanate acts directly on the thyroid by in-
hibiting intrathyroidal penetration of iodide. 

In the last stage of our study we looked for 
apossible relationship between thyroid volume 
anil urinary excretion of thiocyanate. Urinary 
concentration of thiocyanate was determined 
in 416 inhabitants of three separate villages, 
Iodide concentration was determined in the 
samples of two of the same villages. Urinary 
iodine concentration was 2-3 pig/ 100 nil in all 
the patients investigated and did not vary ap-
preciably in accordance with thyroid volume. 
In contrast, urinary concentration of thiocya-

natc varied substantially hctwccn the three vil
lages and within each village, increasing stead
ily in proportion to thyroid volume and attain
ing its highest levels in subjects presenting 
large goitres. 

Figure 3 shows the evolution, for the same 
patients, of urinary thiocyanate concentration 
as a function of age in both sexes, The values 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 to a maximum 
level at age 30-40, and then decreases. This 
pattern of development in relation to age and 
sex closely resembles the frequency distribution 
curve for visible goitres in relation to age and 
sex in goitrous African populations (Delange 
1974). 

Discussion 
The Ubangi population issubjected to an ex
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tremely severe iodine deficiency. The high
levels of serum and urinary thiocyanate repre-
sent a biochemical indicator of the consump-
tion of a goitrogenic foodstuff by that popula-
tion (Silink and Marsikova 1951). 

It is difficult to distinguish the respective
roles of thiocyanate and 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. All 
four points on which the proof of the hypoth-

esis rested have been effectively confirmed. Cassava consumption is followed by: (I) an 
increase in urinary excretion of stable iodine. 
In this respect all the findings made in Idjwi
(Delange 1974; Delange and Ermans 1971)and Ubangi arc consistent. The result is that
the iodine deficiency is aggravated; (2) an in
crease in the level of serum thiocyanatc; (3)
an increase in the level 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 isin pro
portion 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 triggeringvicious process in which the goitrous glanda 
became less 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 which, 
once it has exceeded a critical level, may result 
in the inhibition 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

of the very long half-life of this ion in 
the plasma (Ermans et al. 1972). By contrast,chronic cassava consumption results in a very 
marked increase in concentration. Urinary
concentration of thiocyanate constitutes amore reliable indicator of the degree of thio. 
cyanate impregnation than serum concentra
tion. 

In the conditions encountered in Za~ire it is
conceivable that acute and chronic conditions 
alternate or overlap depending on the type and 
frequency of food intake. Probably, the re
currence of such situations causes substantial 
iodine losses which, in view of the iodine de
ficiency already prevailing in the diet, plays a 
critical role in goitre development. 

The authors wish to thank M. Fernandez, L.
Vanderlinden and M. Dubois for technical assist. 
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work was supported partly by International De
velopment Research Centre, Ottawa, Canada, 
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Utilization of Cassava as a Carbohydrate Source for Pigs 

V. F. Hew and R.1.Hutagalung" 

Cassava is shown to serve as an inexpensive source of valuable energy for pigs. The 
correct 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 
cost 	 of feed. 

When 30 L.andrace pigs were assigned to diets containing 0, 15, 30, 45, and 60% c.s
sava as the energy source in their diets, no significant 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 
fishmeal rather than other proteins of plant origin in high cassava diets is comparable to 
the supplementation in the cassava diets of methionine or other synthetic amino acids. 

'Animal Improvement Division. Malaysian Agricultural Research and Development Institute. Ser
dang, Selangor, Malaysia. and Faculty of Agriculture, University of Malaya, Kuala Lumpur 22-11, 
Malaysia, respectively. 
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Table I. Composition of diets for pigs (15-50 kg body weight). 

Corn, yellow 
Cassava root meal a 

Soybean meal 
Fishmeal 
Iodized salt 
Tricalcium phosphate 
Vitamin premixb 
Mineral mixe 

Antibioticsd 

Protein (%) 

Dig. energy (kcal/kg)

Calcium (%) 

Phosphorus (%) 

Vitamin AO (lU/kg) 

Vitamin D e (l U/kg) 

Vitamin B12 

t (mcg/kg) 


0 15 

71.00 54.50 
- 15.00 

18.00 18.00 
9.15 10.65 
0.50 0.50 
1.00 1.00 
0.05 0.05 
0.25 0.25 
0.05 0.05 

18.09 17.91 
3475 3506 

0.90 0.98 
0.75 0.84 

2500 	 2500 
500 500 

16.05 17.37 

Cassava level (6() 

30 

37.15 
30.00 
18.,0 

13.00 
0.50 
1.00 
0.05 
0.25 
0.05 

Calculated analysis 
18.09 

3534 
1.10 
0.74 

2500 
500 

19.44 

45 60 

20.50 2.50 
45.00 60.00 
18.00 18.00 
14.65 17.65 
0.50 0.50 
1.00 1.00 

0.05 0.05 
0.25 0.25 
0.05 0.05 

17.98 18.04 
3566 3589 

1.19 1.36 
0.73 0.76 

2500 	 2500 
500 500 

20.89 23.53 

"Contains 70 ppm HCN.bPfizer swine medicated premix.
CBiostock (ST5) I.C.l. 
dPro-strep '60' M.S.D. 
eAmount, provided by the addition otvitamins only.
tAmount, provided by vitamin premix plus fishmeal, which contains 88 mcg vitamin BI/kg tishmeal. 

Cassava has been used as a feedstuff for live-
stock and provides a major source of energy
for swine in the Philippines, Africa, Latin 
America, and Malaysia. Numerous experi-
ments have shown that cassava could serve as 
an inexpensive source of energy for pigs. How-
ever, results have been variable. A number of 
reports indicate that large amounts of cassava 
in various forms have been fed to swine with 
satisfactory results and with no evidence of 
cyanide toxicity; however, others have found 
reduced gains as the level of cassava in the 
swine diet was increased. 

There is no doubt that the differences could 
be due to genetic variation of HCN contcnt, 
the kind of proteins included, the physical
quality of the rations (whether pelleted, 
coarsely ground, or finely ground), as well as 
the method of processing the cassava. 

In this investigation well dried cassava chips
with only 70 ppm HCN were used as a carbo-
hydrate base to replace corn. High quality
protein was incorporated into the diets with 
the cassava. 

Experimental Procedure 
Thirty Landrace pigs averaging 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%. Each treatment consisted of six pigs in 
two replicates of three. The animals were fed 
with isonitrogenous diets of 18% protein until 
they reached 50 kg, after which the level of 
protein was reduced to 16%. The composition 
of the diets is presented in Table I. 

Feed and water were given to the pigs ad 
libitum. Weight gains and feed consumption 
were recorded weekly and all data were sub
jected to analysis of variance. Each pig was 
slaughtered as it reached a weight of approxi
mately 70 kg. The carcasses were chilled at 
0 °C 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 the aitchhone, backfat thickness taken at
first rib, kidney and last lumbar positions and 
loin eye muscles were traced 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 meattissues were then ground and dried in a vacuum 
oven at 35 °C 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 levels. 

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 diets. The loin eye area of all 
pigs measured at the second lumbar position 
showed no significant difference among treat-
ments, whereas the loin area taken at the fourth 
rib region showed significant difference (p < 
0.05) for carcasses from the different treat-
ments. The pigs fed the control ration had a 
bigger loin eye area than those on the other 
rations. The loin eye area decreases with in-
creasing cassava level. 

Data of haematocrit, crude protein, crude 
fat and moisture of the meat and liver 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 significant difference 
in moisture, dry matter crude protein, or in the 
dry nmatter 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 diterence was not signifi-
cant. 

Discussion 

The results of this trial have indicated clearly 
that cassava root meal 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 
converiion was observed in pigs fed cassava 
levels is high as 60%. Similar observations 
have been recorded by others. It has been ob-
served that cassava has a beneficial influence 
on the quality of pork, and Castillo et al. 
(1963) found that carcasses, vitamin A in 
plasma and liver, as well as backfat thickness 
of pigs fed diets with and without cassava did 
not vary appreciably. Maner and G6mez 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 libituin. 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 substituting maize starch by cassava meal 
(57% of the total ration) caused a marked 
depression in weight gain and efficiency of feed 
conversion, and a lowering 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
terial 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 trial 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 trial may just sup
port the statement made by Maner and Gomez 
(1973) that depression caused by consumption 
of cassava meal can be overcome by the utiliza
tion of high quality protein. In this experiment, 
the increase in percentage of cassava replace
ment from corn was accompanied by increas
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 effect 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 source of vitamin B1 ..,
which may contribute to the detoxication pro-
cess. There is evidence that hydroxocobalamin 
plays an active role in cyanide detoxication,
where the hydroxocobalamin takes up the 
cyanide avidly to form harmless cyanoco-
balamin. With excess vitamin B,. 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 high energy in cassava makes it a valuable 
source of feedstuff. It 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 affect 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 
HCN may be a contributing factor affecting
scouring, it may be possible that scouring oc
curs if the pigs are fed cassava meal high in
 
HCN. 


The haematocrit values gave no significant
difference among treatments. This confirms 
that the HCN has not exerted its effect on the 
haemoglobin level. The treatments did not 
have any effect on the dressing percentage and 
backfat thickness of the pigs. Castillo et al. 
(1963) also did not find any increase in back-
fat thickness due to use of cassava root meal. 
This is expected as cassava contains about the 
same energy content as corn and with the same 
rate of gain for all the pigs, there is no reason 
to expect a thicker backfat for the high cassava 
diets. Loin eye taken at the second lumbar 
region did not show any difference in cross-
sectional area; however, that taken at thesignifclarea;howevertat sdienc 
fourth rib showed a significant difference. Pigsfed higher cassava appeared to have a smaller 
loin eye area. Hutagalung et al. (1973) showed 
smaller loin eye area with increasing cassava 
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content of diet and suggested that pigs fed cas
sava diets had neither adequate nor proper dis
tribution of total protein intake to support
maximum development of lean tissues, regard
less of the energy content. The percentage 
shrink of the carcasses was not significantly 
different although coiitrol carcasses have defi
nitely lower percentage shrink than all the 
other carcasses. The iodine number also ap
peared to decrease in the fats of pigs fed in
creasing levels of cassava. This may indicate a 
difference in saturation in the fat of pigs fed 
different levels of cassava. Other than these 
two factors, there did not appear to be any
negative influence of cassava on carcasses and 
meat quality of pigs. 

Cassava meal, 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 he used as a main source 
of carbohydrate as long as the amino acid and 
mineral requirements are compounded with 
care. 

The authors wish to thank Loh Wan Loy for 
statistical analysis. Special thanks are due to thejunior research assistants. Nantha Kumaran,Balasubramanium and S. Poovan for their in
failing assistance in carrying out the trial. We arc 
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Use of Cassava as a Food Supplement for Broiler Chicks
 

Sarote Khajarernand Jowaman M.Khajarern
 
Two experiments were conducted to determine the substitutional value of cassava for 

corn in broiler rations. One-day-old Arbor Acres broiler chicks were used. 	In the first 
were notedexperiment, no significant differences in body weight gain and feed conversion 

for chicks receiving 0, 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 I-5 weeks of age when the rations contained 0, 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 significant differences observed on body weight gain and feed 
conversion when the concentration of cassava root meal 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 
meal and soybean meal. 

Cassava is Thailand's third major export Meanwhile, there has been a surplus of nearly 

crop next to rice and corn. More than 90% of 100 000 t of tapioca flour since early 1975 that 

the nation's cassava root products, approxi- resulted from a cut in imports by Japan of 

mately 2.4 million tons, is exported annually. more than 200 000 t in 1973-74 to merely 

The balance is eaten locally, mainly as flour. 90 000 t during 1975. Therefore, the economy 

The Thai Tapioca Trade Association reported of cassava growers in Thailand is almost totally 

that Thailand exported a total of 1.1 million dependent on exports. 

tons of tapioca pellets during the first 6 months Cassava root products are sold on the free 

of 1975, valued at 1976 million haht (approxi- market in Thailand and prices are totally regu

mately US$ 100 million), while 55 000 t of lated by supply and demand. Cassava growers 

tapioca flour (137 million baht, US$ 7 mil- sell their fresh root directly to the chip-drying 

lion) was exported during the same period, agencies in the field, at the price set by the 
latter. Cassava chips and pellets are then pre-

Animal Science Department. Faculty of Agri- pared, and are exported mainly to EEC coun

culture, Khon Kaen University, Khon Kaen, tries. Since cassava importing countries are 
Thailand. limited, more of cassava and its products need 
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Table 1. Composition of experimental diets&(experiment I). 

Ingredients 

Corn, yellow 
Rice bran 
Fish meal 
Peanut meal 
Soybean meal 
Salt (NaCI)
Bone meal 
Methionine (10%) 
Dried yeast 
MgCO3 (18%)
Leucaena glauca leaves 
Cassava pellet

Protein analysis (%)

ME (Mcal/kg) 

Ca (%) 

P (%) 


% of cassava pelleted in the diets 

0 7.5 15.0 22.5 30.0 

30.00 22.50 15.00 7.50 -
25.50 
8.00 
8.00 

20.00 
0.25 
2.00 
2.50 
1.00 

25.00 
9.00 
8.00 

20.00 
0.25 
1.50 
2.50 
1.00 

24.00 
10.50 
8.00 

20.00 
0.25 
1.00 
2.50 
1.00 

23.00 
11.50 
8.00 

20.00 
0.25 
1.00 
2.50 
1.00 

22.00 
13.00 

8.00 
20.00 
0.25 
0.50 
2.50 
1.00 

0.75 
2.00 

0.75 
2.00 

0.75 
2.00 

0.75 
2.00 

0.75 
2.00 

-
24.3 

3.24 
1.13 
0.76 

7.50 
25.7 
3.24 
1.08 
0.75 

15.00 
25.1 

3.24 
1.06 
0.70 

22.50 
25.6 

3.23 
1.12 
0.70 

30.00 
25.5 

3.24 
1.10 

0.67 
&All experimental diets were 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 extract 
(82%) than corn (72%) but the level of pro 
tein and fat are lower than corn (Olson et al. 
1969a). Hutagalung et al. (1973) reported
that cassava root meal 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%). Mineral con-
tent 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). Muller and Chou (1971) reported that 
there were no significant differences in growth 
rate, feed consumption, feed per gain ratios 
and mortality rate for chicks receiving 0, 20,
30, 40, 50, and 58% cassava pellet. Hutagalung 
et al. (1973) found similar results to those of 
Muller and Chou (1971) when they fed broiler 
diets containing 0, 20, and 40% cassava root 
meal. 

Experimental Procedure and Results 
Seven-day-old Arbor Acres mixed sex chicks 

were used in all experiments. In the course of 

the preparation period (1-7 days of age) a 
diet consisting of a blended mixture of all ex
perimental diets was fed. Birds were confined 
in concrete floor pens using wood-shaving as 
litter. Light and ventilation were adequately
supplied. Feed and water were consumed ad 
libitwn in all trials. Daily observations were 
made to ensure that adequate feed and water 
were available for each pen. Weight gain and 
feed consumption were recorded at 4 and 8 
weeks of age for experiment I and every week 
for experiment 2. At the end of the experiments
the chicks were not fed for 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 I to 8 
weeks of age. The composition of the experi
mental diets is shown in Table I. The average 
weight gain and feed conversion are sum
marized in Table 2. The effect of increasing 
graded levels of cassava pellets caused no 
significant differences on weight gain and feed
conversion among comparative treatments. 
This agrees with the works of Enriquez and 
Ross (1967), Olson et al. (1969a), Muller et 



248 TROPICAL ROOT CROPS SYMPOSIUM 

Table 2. Average weight gain and feed conversion (experiment 1). 

Average weight gain Feed conversion 
(g feed/g gain)(g)Cassava 

pellet 1-4 wk 4-8 wk 1-4 wk 4-8 wk 

0 423 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 

2.5530.0 465 1009 1.87 

Table 3. Composition and calculated analysis of diets (experiment 2). 

Treatments 

1 2 3 4 5 6Constituents 

Ground corn 56.7 42.8 29.5 17.6 6.6 
39.4 41.5 41.0 41.0 33.5Soybean meal (me) 37.0 

Fish meal 3.0 3.0 3.0 4.5 6.0 11.0 
10.0 20.0 30.0 40.0 50.0Cassava root meal -

Mincrpl supplement 2.3 2.3 2.0 1.9 1.4 0.5 
1.0 1.0 1.0 1.0 1.0Microingredients 1.0 

Fat (feed grade) - 1.5 3.0 4.0 4.0 4.0 

Calculated Analysis 
Crude protein (') 22.13 22.15 22.11 22.06 22.38 22.16 
Crude fat (') 5.16 6.28 7.26 7.75 7.39 5.91 
Crude fiber (';) 3.34 3.65 3.92 4.13 4.39 3.31 
Nitrogen free extract (%) 51.77 50.03 48.72 42.69 45.20 49.58 
Ash (I') 6.5 6.91 7.01 7.50 7.53 6.50 
ME (NMcal/kg) 2.84 2.83 2.81 2.80 2.77 2.80 

1.00 1.04Ca ("';) 1.05 1.07 0.98 1.06 
0.71 0.69p (C;) 0.79 0.78 0.73 0.74 

al. (1971) and Hutagalung et al. (1973) who feed conversion during 1-5 weeks of age. In
showed no significant differences on weight creasing levels of cassava root meal in the diet 
gain and feed conversion with graded levels of showed a tendency towards poorer weight gain 
cassava root meal in the diets, and feed conversion; however, body weight 

gain was not significantly depressed until the 
Experiment 2 ration contained above 30% cassava root meal. 

Seven-day-old Arbor Acres mixed sex The ability of chicks to utilize cassava root 
broiler chicks were used to study the replace- meal increased with age. The results from this 
ment of cassava root meal for corn in broiler experiment indicated that, during 5-9 weeks 
rations. After a preparation period, the chicks of age and 1-9 weeks of age, there were no 
were randomly divided into six treatments, significant differences observed on weight gain 
each treatment subdivided into four replica- and feed conversion when the concentration of 
tions. each having 25 chicks. The composi- cassava root meal increased in the diets. There 
tion of the experimental diets isshown in Table was, however, a reduction trend in weight gain 
3. of chicks fed a diet containing 40 and 50% 

The summary of the average weight gain cassava root meal during 5-9 weeks of age and 
and feed conversion isgiven in Table 4. As was 1-9 weeks of age, respectively. "''he decline in 
anticipated from the data, there were statisti- gain and poor feed conversion of chicks from 
cally significant differences for weight gain and feeding high levels of cassava root meal may 
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Table 4. Average weight gain ane feed conversion (experiment 2). 

Feed conversionCassava Average weight gain 
(gfeed/g gain)(g)root meal 


% 1-5 wk 5-9 wk 1-5 wk 5-9 wk
 

0 766a 1002 2.06a 3.16 
10 746a 1044 2.10a 3.05 
20 761a 1032 2.12a 3.10 
30 732a 972 2.15ab 3.19 
40 695b 1006 2.23b 3.13 
50 714ab 933 2.18ab 3.33 

Numbers followed by different letters are significantly different (p < 0.05) from 
other numbers in that column. 

be due to 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; Olson et al. 1969b; Muller et al 1971). 

Although much work had been done in 
feeding cassava root meal to chickens, there 
was little information available on the influ-
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 meal exerted any consistent effect on 
either carcass grade or dressing percentage of 
broilers. 

Discussion and Conclusion 

Graded levels of cassava pellets in broiler 
diets (experiment I) caused no significant 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 levels of cassava root meal in the diet 
(experiment 2), however, depressed weight gain 

and efficiency of feed conversion during 1-5 
weeks of age, although methionine and energy 
content had been corrected as suggested by 
other workers (Ross and Enriquez 1969; 
Hutagalung 1972). The literature shows no 
general agreement on cassava root meal utiliza
tion by chicks. Enriquez and Ross (1967), 
Olson et al. (1969a), 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 
meal increased with age. Results from experi
ment 2 indicated that during 5-9 and 1-9 weeks 
of age there was no significant 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 meal), at a 
level of 30% of the diets, satisfactorily re
placed corn during 1-5 weeks of age. 

Cassava root meal can fully replace corn at 
a level of 50% of the diet during 5-9 weeks of 
age. 

The ability of broilers to utilize cassava root 
meal 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 feasibility of cassava root for 
corn were fibre and protein content, the prices 
of cassava and corn, and protein supplements 
such as fish meal and soybean meal. 
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Protein Enrichment of Cassava by Fermentation with
 
Microfiungi and the Role of Natural Nitrogenous Supplements
 

G. Varghese, J. J. Thanibirajah, and F. M.Wong' 

Attempts to produce protein-enriched cassava for animal feed by solid state fernen
tation with selected local strains of Rhizopus, ,.l.spergillu.s, and Neuropora showed that 
protein levels of the fermented products did not exceed 3%. Because this value is low for 
animnal feed. the ability of natural nitrogenou s suppleients to increase inicrobial activity 
was tested. Supplementation with 35% chicken dung increased protein levels to 8-10.5% 
and with soybean, groundnut, and pineapple bran at 25 ; . the protein levels were 40, 
10, and 7r;. respectively. In combination with chicken dung (12.5 + 12.5%) the pro
tein values varied betseen 8 and 18"; for soybean. 8 and 10% for groundnut. and 5 and 
7, for pineapple bran. 'Ihe results indicated that supplementation increased fermentation 
efficiency and contributed to higher protein values. 

A procedure for solid state fermentation of cassava with natural nitrogenous supple
mnents has been developed a%a first stage toward the design of a pilot plant for continuous 
production of the material. 

Due to the increase in price and demand for "estate type" cassava plantings along with pro
animal feed 1 aln expanding livestock indus- cessing plants have been recently established 
try, Malaysia is currently spending more on in various parts of the country through govern
feed imports. 'Iherefore, there is a need to pro- ment-aided schemes. 
duce more animal feed locally. It is in this con- Nutritionally, cassava tubers provide mainly 
text that cassava mtay have scope for large scale carbohydrates and sonic useful amounts of cal
expansion. The ease by wkhich the crop can be cium and vitamin C to the diet (Wood 1965). 
grown fiotn cuttings on a wide rante of soil The protein levels are however low and vary 
types makes it a crop suitable for immediate according to moisture content and varieties 
expansion. In line with this a number of grown. The average is usually in the region of 

1.3% (Oke 1968, Sundhagul 1972). However,
 

'Faculty of Agriculture. University of Malaya, in Asia and Africa cassava has been tradi-

Kuala Lumpur 22-1 I, Malaysia. tionally enriched by microbial fermentation.
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In Nigeria, the fermented cassava "gari," which 
is a staple food, is produced by a two-stage 
fermentation with Corynebacteriumn sp. and 
Geotrichum candidurn (Collard and Levi 
1959). In South East Asia cassava is usually 
mixed with peanut cake and fermented with 
Rhizopus and Neurospora 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 Institute (London) has developed 
a microbial method for raising the protein level 
of cassava to 4% with minimal additives (Wool-
len 1967). Solid state fermentation of cassava 
with Rhizopus spp. increases protein levels to 
3.4% (Yeang 1973), and with certain selected 
strains up to 4% (Sprung 1974). 

While all the above mentioned reports point 
out the feasibility of cassava enrichment by 
microbial fermentation, they also serve to 
confirm that the protein levels so far attained 
by this method are inadequate for animal feed. 
Therefore, there is a need to raise protein levels 
of the fermented product, possibly by the use 
of selected microorganisms that have a higher 
carbohydrate-to-protein conversion ratio and 
through the incorporation of necessary sup-
plements and additives in small amounts to 
augment fermentation efficiency. 

In the present study the authors have isolated 
microorganisms from cassava tubers and prod-
ucts and screened selected strains for their pro-
tein-enrichment ability. In addition, the role of 
local natural nitrogenous supplements such as 
chicken dung, pineapple bran, groundnut, and 
soybean, alone and in combination with 
chicken dung, was assessed. A procedure of 
solid state fermentation of cassava by micro-
fungi to produce fermented cassava for animal 
feeding trials was developed, 

Materials and Methods 
Cassava tubers, chips, and other products 

were collected from processing centres in van-
ous parts of Malaysia. Microorganisms growing 

naturally on these substrates were isolated by 
the following techniques. 

(i ) Tapioca chips were washed continuously 
in running water and particles were removed 
at I-h intervals for 3 h and the washed particles 
were plated on malt agar plates incorporated 

with Rose Bengal, and on nutrient agar plates. 
Organisms originating from the plated particles 
were isolated and grown in pure cultures on 
potato dextrose agar for fungi and on nutrient 
agar slants for bacteria. 

(2) Tapioca products that were in semi
solid state were diluted initially to I:10 and 
subsequently serially into 103 and 104 dilu
tions. These dilutions were plated on potato 
dextrose agar antl nutrient agar plates and 
organisms isolated were grown in pure cultures 
as in the previous case. 

(3) Small pieces (2 mm2 ) were removed 
from the tubers and chips. sterilized in 0.2% 
mercuric chloride solution, washed in sterile 
distilled water, and transferred directly on to 
plates containing malt agar incorporated with 
Rose Bengal and nutrient agar. The organisms 
arising from the pieces were subsequently 
isolated 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 ml of water were sterilized for 
15 min at 1.06 kg/cm2 pressure in 500-ml jam 
jars. Subsequently they were inoculated with I 
ml spore suspensions of the respective test or
ganisms, adjusted to a final count of 4 x 107 
spores/nil, by using a haematocytometre. The 
jars were incubated in light at room tempera
ture (28 *C ± 2 'C). After allowing for a 
fermentation time of 48 or 72 h, depending on 
the organisms, the fermented cassava in the 
jars was dried at 100 'C for 24 h and ground 
to a powder for subsequent physical and 
chemical analyses. 

Similar fermentation tests were also carried 
out in the case of cassava supplemented with 
chicken dung, pineapple bran, groundnut, and 
soybean, alone and in combination. 

Moisture contents of the ground product and 
proximate analyses for crude prutein, crude 
fibre, crude fat, and ash were carried out ac
cording to AOAC procedure (1965). 
Procedure for Solid Stae Fermentation ofcessant 
Cassava 

The procedure developed for solid fermenta
lion of cassava for feeding trials consisted of 
the following steps: ( I) 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 1. 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 fibre Ash 

Rh:opus I 
Rhi:opus It 

Tapioca 
Tapioca 

48 
48 

8.47 
9.64 

3.06 
3.39 

0.84 
1.75 

2.39 
3.22 

1.64 
1.76 

Neurospora I Tapioca 48 9.61 2.68 0.78 2.00 1.78 
Aspergillus I Tapioca 72 9.61 2.88 0.58 1.71 1.81 
Aspergillus II Tapioca 72 12.69 2.94 0.93 1.76 1.96 
Aspergillus Ill 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 
nil 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 I! 65 35 48 
Neurospora I 65 35 48 
Aspergillus 1 65 35 72 
Aspergillus II 65 35 72 
Aspergillus III 65 35 72 

ing; (2) steamed cassava was transferred into 
fermentation trays 60 x 60 cm and inoculated 
with a 100 ml spore suspension per tray of 
Rhizopus or Aspergilus (spore count adjusted 
to 4 x 10, sporesimIl); (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 
Rhizopus 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 Aspergillus-
fermented product was designated A35. the 
letter denoting the fermentative agent (organ-
isln) and the number denoting the percentage 
supplementation with chicken dung. 

Results 

From the microorganisms isolated from cas-
sava tubers and products those belonging to 
Asl, ergillus. N,'srospora, and Rhizopus were 
subsequently used for solid state fermentation 
trials. 

Proximate analysis (%) 

Moisture 
Crude 
protein 

Crude 
fat 

Crude 
fibre Ash 

5.51 
5.85 
5.36 
5.76 
5.68 
5.86 

8.31 
7.88 
8.75 

10.49 
8.75 
8.31 

0.94 
2.33 
3.91 
1.62 
1.89 
2.32 

4.35 
6.80 
5.50 
5.15 
5.82 
5.44 

10.59 
11.29 
9.24 
8.81 
8.71 
8.68 

The results of the fermentation trials, with 
the selected species of organisms, showing 
proximate analysis for crude protein, crude fat, 
crude fibre, and ash of fermented cassava corn
pared with those of nonfermented cassava and 
chicken dung are presented in Table 1. Similar 
results of fermentation trials of cassava sup
plemented with 35% chicken dung are given in 
Table 2. The results of fermentation with 25% 
supplementation of pineapple bran, groundnut, 
and soybean, alone and in combination with 
chicken dung (12.5 + 12.5, are shown in 
Table 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 Aspergillus-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 are 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 (lung Balance (h) protein fat fibre Ash 

Pineapple bran 
Rhlzopus 1 75 - 25 48 6.21 4.09 0.20 6.35 4.32 

75 12.5 12.5 48 6.66 6.71 1.29 6.47 7.93 
Rhizopus II 75 - 25 48 6.66 4.31 1.85 6.16 4.14 

75 12.5 12.5 48 5.94 7.57 2.42 6.87 7.51 
Neurospora I 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 
Aspergillus I 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 
Aspergillus It 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 
Aspergillus IIf 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
 

Rhizopus I 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 

Rhizopus 11 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 

Neurospora1 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 12.5 72 2.59 10.53 12.03 4.86 10.65 

Aspergillus 11 75 - 25 72 2.56 10.33 9.64 3.05 5.34 
75 12.5 12.5 72 3.99 9.13 7.51 4.65 12.39 

Aspergillus III 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 
Rhizopus 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 8.1(0 8.23 
Neurospora I 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 
Aspergillus I 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 
Aspergillus 11 75 - 25 72 1.74 14.85 15.31 6.50 5.93 

75 12.5 12.5 72 1.34 13.3(0 5.97 5.57 13.38 
Aspergillus I11 	 75 - 25 72 1.54 14.31 4.89 6.88 6.93 

75 12.5 12.5 72 1.62 15.38 5.91 6.31 6.43 

Discussion 	 uct is free of mycotoxins. We have adopted 
this procedure with regard to our Aspergiflus-

Rhizopus species are traditionally used in the fermented materials (A35). 
production of "tempeh" and "ontjom," two Direct fermentation of tapioca with Asper
fermented food products in Southeast Asia. gillus, Neurospora, and Rhizopus increased 
Therefore, from toxicity and acceptance points protein values 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 Aspergillus 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 this 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 eiliciency in converting starch into 
microbial protein; and (2) strain improvement 
within species and isolates by single 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 
explored. Another practical and immediate 
approach would be to use a nitrogenous supple-
ment in small amounts to boost microbial ac-
tivity and thereby increase the rate of carbo-
hydrate-to-protein conversion. Toward this 
aim, we have tested naturally available nitro-
genous supplements such as chicken dung, pine-
apple bran, groundnut, and soybean. Chicken 

dung is an easily available nitrogen source, 
However, we have observed that supplementa-
tion with chicken dung above 25% results in a 
high crude fibre and ash content and reduced 
palatability of the fermented product. Data 
obtained from preliminary feeding trials sup-
port this observation (Hutagalung and Tan, 
personal communication). The products (R35) 
could also be low in true protein content and 
may lack certain essential amino acids. Further 
chemical and physical analyses and feeding 
trials are necessary to fully evaluate the use of 
fermented cassava as animal feed. lowever, it 
seems clear that chicken (lung stpplementa-
tion above 25% is unsuitable and in our opin-
ion this should be further reduced and sub-
stituted by a more edible natural nitrogenous 
supplement. Among flhe nitrogenous supple-
ments we have tested, pineapple bran at 25% 
could give an increase in protein levels to 4
5% and when the bran was combined With 
chicken dung (12.5 + 12.5 ' ) the protein 
level increased to about 7% (Table 3). 
C rottidndt has tie adva ntage that it is readily 
available illthe region and is highly palataIble. 
Supplemen tation with grotuldnLit at 25% 
alone, and in combitnation with chicken dlung 
increased prottein levels foni 8 to 11 % (Table 

3). Suppletmentation with soybe.an in similar 
aliolntls gave the highest protein levels. For 
instance. 25% supplementation with soybeatn 
raised protein level of fermentied cassava to 
40% and itt combination with chicken dung 
(12.5 + 12.5% ) the levels were raised to I1-
18% depending on the organism used (Table 
3). Soybean supplementation promoted growth 

and colonization of substrate by the fermenta
tive organisms that cause a higher rate of con
version of starch to protein. 

The strategy to be adopted would be to in
corporate in small amounts (12-15%) a 
palatable nitrogen source such as groundnut or 
soybean. This is used not as a direct supple
mentation of the deficient protein in the 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 animal diet. 

Other workers (Gregory et al. 1974) have 
explored the use of Aspergillus fumigatus 
(asporogenous mutant) for submerged fermen
tation of cassava for the production of single
cell proteins. However, this may involve more 
sophisticated techniques and may not be suit
able for village-level adoption. We have also 
initiated some screening trials with tropical 
edible basidiomycetous macrofungi having a 
higher protein content to evaluate their ability 
to enrich cassava. 

We feel optimistic that enrichment of cas
sava by microbial fermentation is feasible. The 
use of microfungi for fermentation of cassava 
is not new to Africa and Asia; therefore, any 
new techniqu,es developed would be accepted 
and could be adapted in a village-level tech
nology. The fermented cassava may not only 
provide animal feed but at a later stage can be 
developed to provide protein enriched food for 
himan consumption. However, a great deal 
more research and evaluation is necessary be
fore a suitable product and its technology can 
be launched. 

This study is a part of a research project on 
\ticrobiological Enrichment (Malaysia) that is 
carried out :itthe University of Malaya: the meni
bcrs of tihe research team are: R. liiltagalIng; G. 
Va'rghetwc; B. H. Webb: and Tan Bock Thiam. 
Iinancial sutpport from the International De
velopmniet Research Centre (IDRC) is acknowl
edjged. 
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Utilization of Nutritionally Improved Cassava in Poultry
 
and Pig Diets
 

R. I. Hutagalung and P. H. Tan'
 
Studies related to the improvement of cassava through nutrient supplementation and 

fermentation are discussed. An experiment was carried out to investigate the effect of
substituting maize with increments of fermented cassava on the performance of broiler 
chickens. In addition, the preliminary results of iodine metabolism in pigs fed cassava diets 
are presented.

Substitution of maize with up to 50% fermented cassava resulted in performance that 
compared favourably with the control. Total substitution of the maize component of
the chicken diet by fermented cassava did not appreciably depress performance. Further
improvement in the protein quality of the fermented cassava and proper supplementation
with other nutrients will make a significant contribution to poultry and pig diets. 

One of the most important factors affecting 
the improvement in livc:;tock 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 the major problems con-
fronted by the animal industry is the shortage 
of local feeds. The existing practice of heavy 
dependence on imported feedstuffs will con-
tinue to pose a constraint to the development of 
the livestock industry. 

One local source that cotld partially remedy 
this shortage is cassava (Afunihot e.ulenta 
Crantz) locally known as tapioca or "ubi 
kayu." Cassava has been widely used only as an 
energy source for poultry and swine feeds he-
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 some metabolic problems, includ-

'Faculty of Agriculture. University of Malaya,
Kuala Lumpur 22-11, Malaysia. 

ing its low protein, mineral, and vitamin con
tent, variation in HCN content resulting in 
cyanide toxicity, suspected goitrogenic sub
stances causing iodine deficiency, reduction in 
availability of certain mineral elements result
ing in zinc parakeratosis in pigs, low palata
bility due to dry texture, and poor performance 
and lack of skin and egg yolk pigmentation at 
higher level of supplementation. These findings 
indicate that the equivalent substitution of cas
sava with cereals is nutritionally unjustified. 

Efforts to improve the nutritive value of cas
sava by nutrient supplementation and process
ing technology such as improvement in di
gestihility, reduction in volume and the crude 
fibre level by pelleting and acting as an absorb
ent in dehydrating palhn oil mill effluent, sup
plementation of methionine and sodium thio
sulfate, addition of palm oil and molasses, 
animal protein supplementation, incorporation 
of poultry manure and the inclusion of syn
thetic pigments have shown encouraging re
stilts. However, they are not sufliciently con
clusive 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 I. Composition of basal dietsa 

Maize Cassava 
Ingredients (;) basal basal 

Maize, yellow 60.00 15.00 
Cassava root meal - 40.00 
Soybean meal 24.10 31.60 
Molasses 
Trical. phosphate 
Salt 

9.70 
2.20 
0.25 

6.94
2.20 
0.25 

DL-methionine 0.10 0.10 
L-lySinC
Vitamin premix 
Mineral mixture 

0.10 
0.05 
0.07 

0.10 
0.05 
0.07 

Kaolin 3.43 3.69 

alodine was added at levels oro, 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 
large scale has only been investigated exten-
sively in the last two decades. Gray and Abou-
ElI-Seoud (1966) using cassava root as a sub-
strate, screened several filamentous fungi and 
found that Cladosporium cladosporoides gave 
a high mycelial yield, although the mycelial 
yield of Spicaria elegans gave a higher per-
centage of crude protein. Nartey (1966) found 
that cassava constitutes a favourable medium 
at high temperature and high relative humidity 
for the growth of .4spergillus flavus but it also 
favours the synthesis of atlatoxin. 

At the Tropical Products Institute in Eng-
land, Stanton and his co-workers ( Brook et al. 
1969, Stanton and Wallbridge 1969) developed 
the moist-solids fermentation by incorporating 
fungal protein into an extruded paste made 
from cassava flour. Mineral nitrogen sources 
were incorporated prior to fermentation with 
fungi of the genus Rhizous. The resultant 
product showed a (1-7 fold increase in protein 
content over that of the original cassava sub-
strate. Because cassava flour is ditficult to 
sterilize 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 
(1974) stated that one would have to be very 
sure that virtually all the urea or ammonia had 
disappeared during fermentation especially
when ammonium nitrate is used as a source of 
nitrogen. 

The commencement at the University of 

Malaya in 1973 of the cassava project entitled 
"Microbiological enrichment," sponsored by 
the International Development 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 conducted at 
the University of Guelph revealed a process for 

producing microbial protein from cassava in 
a high-temperature, low pH fermentation. 
Strains of A spergillus umigatus,Sporotrichun 
thermophila, and Paecilomyces sp. were 
screened and their nutritive value was evalu
ated in rats (Khor et al. 1975). 

In view of the possible presence of toxic 
constituents in the fermented product, particu
larly when Aspergillus sp. is employed, it is 
mandatory to carry out a safety evaluation of 
the fermented product prior to its use as an 
animal or human food. 

This study investigates the effect of substi
tuting maize with fermented cassava in broiler 
rations, and is the first in a series on the nutri
tional and safety aspects. In addition, the effect 
of iodine supplementation to cassava diets in 
pigs is discussed. 

Materials and Methods 
Considering earlier reports that domestic or 

laboratory animals fed diets containing a high 
concentration of cassava suffer from mineral 
deficiency, particularly iodine, several trials 
were carried out to verify whether there is a 
need to increase the iodine requirements in 
monogastric animals over that recommended 
by NRC ( 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 the per
fornance, radioiodine uptake, haemoglobin 
content, and carcass characteristics were evalu
ated. The animals were injected intramuscu
larly with radioiodine 1311 in the form of 
carrier-free Nal. The composition of the diets 
is presented in Table I. 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, Rhi:oplls sp., 
fermented cassava, and maize. 

Poultry Ri:opus Fermented 
Cassava manure sp. cassava Maile 

Proximate analysis 
Moisture (1) 11.00 9.60 9.50 9.70 11.00 
Ash (%) 1.60 24.40 - 16.71 1.90 
Crude fibre (%) 2.70 12.90 - 8.19 2.00 
Ether extract (1) .20 1.50 - 1.99 3.40 
N-free extract (') 81.20 24.00 - 53.93 72.70 
Protein (N X 6.25) (") 2.30 27.60 21.50 15.00 8.90 
Gross energy (kcal/g) 4.20 5.82 - 4.08 4.80 
Calcium (';) 0.35 7.90 - 2.71 0.02 
Phosphorus (1.1) 0.40 2.15 - 0.86 0.31 
True protein (%)a - 8.23 - 10.00 -
Uric acid (') - 7.96 - - -

Equivalent crude protein from 
nonprotein source (,) - 19.37 - 4.20 -

Amino acids" 
Arginine 12.6 1.9 4.1 5.2 3.8 
Histidine 2.6 0.6 1.3 1.3 2.0 
Isoleucine 2.2 1.4 3.3 1.3 5.0 
Leucine 3.9 2.7 5.2 3.0 11.1 
Lysine 4.3 1.8 5.8 2.5 2.0 
Methionine 1.3 0.5 0.8 1.1 ).0 
Phenylalanine 2.2 1.3 4.6 1.2 5.0 
Threonine 3.5 1.4 4.0 1.9 4.0 
Tryptophan - 1.9 - - 1.0 
Valine 3.0 2.5 4.9 2.3 4.0 
Alanine 6.5 4.0 7.6 3.5 7.2 
Aspartic acid 5.7 4.4 4.5 4.8 6.3 
Cystine 0.4 1.0 - 0.7 I/4 

Glutamic acid 11.3 6.4 10.4 5.9 17.0 
Glycine 3.5 5.2 3.7 3.6 3.6 
Proline 1.3 1.4 2.7 .t) 8.0 
Serine 3.9 1.9 3.9 2.2 4.7 
Tyrosine 1.3 0.6 2.8 0.8 3.1 

&Also referred to as nonextractable nitrogen (NEN).
 
bExpressed as g/16 gN or air dry sample.
 

Fermented cassava was produced by the to broiler chickens, which compared favour
moist-solids fermentation technique using de- ably to maize-soybean diet (Ng and Iluta
hydrated cassava chips or grains and dried galung 1974). The substrate consisted of 
poultry manure as substrates, with Rhizopu. cassava chips (65-75%) and dried poultry 
isolates as inoculum. manure (25-35% ). It was found that the opti-

For improvement in the moist-solid fermen- mal ratio of cassava to pouiltry manure for fer
tation process, modifications were made in the mentation is 3: 1. ligher or lower ratios could 
procedure of Stanton and Wallbridge (1969), lower the rate of starch conversion to protein. 
and Stanton (1972). Fresh or dried cassava Spore inocuilum of Rhizopls sp. was produced 
chips or grains and dehydrated poultry manure by culturing the organism on whole rice 
were employed instead of cassava flour and moistened with water. 1lie mixture was shaken 
synthetic nitrogen sources. The idea of using and the residues were removed by filtration 
poultry excreta as a nitrogen source for the through glass wool. Ihe suspension contained 
moist-solids fermentation stemmed partly from approximately 60 million spores/ml. 
direct feeding of cassava-poultry excreta diet The cassava-poultry manure substrate was 
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TABLE 3. Composition of experimental diets of broilers for starter-grower and grower-finisher stages.&
 

Treatment (5-8 weeks)Treatment (0-4 weeks) 

1-0 1-25 	 1-50 1-75 1-1001-0 1-25 	 1-50 1-75 1-100Ingredients 

13.75 27.50 	 41.25 55.00- 11.25 22.50 33.25 43.00 -

Maize, yellow (';) 45.00 33.75 22.50 11.10 - 55.00 41.30 26.50 13.75 -Fermented cassava (') 

21.20 20.40 	 19.65 18.90 18.05
Soybean meal (') 25.00 24.35 23.70 23.10 23.00 

12.75 12.75 12.75 12.75 12.7515.70 15.70 	 15.70 15.70 15.70Fish meal (II) 	 ---(1) 3.00 3.00 3.00 3.00 3.00 -
Alfalfa mreal 	 ---2.50 2.50 2.50 2.50 2.50 -
Glucose (1) 

6.80 6.05 	 7.95 9.80 11.756.00 	 6.65 7.30) 8.05 10.00Palm oil ('i) 1.10 	 0.35 1.80 3.30 2.20
Kaolin (';) 0.35 0.35 0.35 0.35 

24.00 21.00 21.00 21.00 21.00 21.0024.00 24.00 	 24.00 24.t00Crude protein 	(V) 
3.20 3.20 3.07 3.07 3.07 3.07 3.07

Energy (kcal'/g) 3.20 3.21 3.20 

premix;
aAil diets contained: 0.25, salt; 1.50',, dical. phosphate; 0.30, mineral premix; 0.05'% vitamin 

0.30;, DL-methionine; and 0.05",' choline chloride. 

moisture con- increments of the fermented cassava in the
mixed 	with water to give 50% 

broiler diet, day-old broiler chicks of Hubbardtent (except 	 when fresh cassava chips were 
divided randomly into five dietary

used) 	 and sterilized by either live steam (30 strain were 

120 °C) or by dry heat (4 h at 100 *C). treatments of 20 chicks each on the basis of
min at 
After cooling, the substrate was sprayed with 	 body weight, equalizing both mean weight and 

weight distribution anong the groups. Each a mould spore suspension containing approxi-
mately I(11 spores/g moist substrate. To ensure diet was fed to quadruplicate pens of chicks for 

spore suspension 4 weeks. The composition of the diets is given
uniform distribution of the 

in Table 3. The diets were formulated to con
the substrate was mixed and placed in a square 


tray. Trays containing the substrate were in- lain similar protein (24% ) and energy (ME,
 
levels. 	The fermented cassava re

cubated in a well-ventilated fermentation 3.2 kcal/g) 

cabinet at a temperature of 27-30 'C for 48 h. placed 0, 25, 50, 75, and 100% of the maize 

The fermented cassava was transferred to the component of the control diet. For the formula

drying oven at low temperature (40-60 'C). tion of diets the protein content of the fer
10%, although its

The dried product was pulverized by grinding. mented cassava is treated as 

Proximate analyses of the cassava, poultry analyzed crude protein (N x 6.25) level 

manure, and the fermented cassava were car- reached 18%. This is based on the results of 
analyses in 	 which the nonproteinried out. Samples were hydrolyzed with 6 N 	 chemical 

com-1CI at 110 'C 	 for 18-24 h. Hydrolysates were nitrogen fraction is shown to be higher 

amino acid content by ion-ex- pared with the conventional feed ingredients.analyzed for 
Amino After 4 weeks, the birds were shifted to thechange chromatography (Beckman 

grower diets 	(21% protein: ME. 3.07 kcal/g)Analyzer). 
of similar treatments and were retained on

Samples were also extracted with ethanol-
water (2:1 v'v) to separate the nonprotein these diets for 4 weeks (Table 3). The chicks 

The were divided randomly into five dietary groups
nitrogen and protein-nitrogen fractions. 

so that the sex and averageextraction with ethanol-water recommended 	 of 15 birds each 

by "l'reveclan (1974) in preference to trichlo- body weights were approximately the same. 
were also made on the generalurea and ammonium Observationsroacetic acid 	to remove 

health of the birds including the mortality rate
salts was performed. The residue after extrac-

ill effects. Water and feed were sup
tion with ethanol-water was then determined 	 and any 

plied ad libituin. The birds were weighed, andby micro-Kjeldahl. This nitrogen component is 
was recorded at weekly in

referred to as "ue protein" or nonctractable feed consumption 


nitrogen (N EN ). The chemical composition of tervals.
 
Results and Discussionthe cassava. 	 poultry manure, Rhizopus sp.,

and maize is presented in
fermented cassava, 
Table 2. Feeding cassava diets without iodine sup-

To study the effect of replacing maize with 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. 

Length of trials (days) 

Number of pigs

Avg daily gain (kg)

Avg daily feed (kg)

Feed/gain 

Dressing (%)

Carcass length (cm)

Backfat thickness (cm)

Longissimus muscle (crni)

Liver weight (kg) 

'ill
uptake (% of dose) 

Haemoglobin (g/100 ml) 

Maize-soybean Added iodine (ppm)" 
control 0 0.2 50 100 
63 63 63 63 63
4 4 4 4 40.7a 0.6a 0.7a 0.7a 0.Sa2.3b 2.1b 2.1b 2.4b 2.1b3.5b 3.5c 3.lc 3.3c 2,7c66.3d 63.9d 65.Od 66.9d 65.2d71.0e 71.4e 68. l e 74.6e 70.2e2.3f 1.9f 2.If 2.1f 1.9f26.7g 23.2g 21.5g 22 .7g 25.4g1.4h 1.5h 1.4h 1.4h 1.8h10.2i 10.6i 7.8j 0.5k 0.2113.1m 13.5ni 12.6m 12.0m 10.51
 

&Means on the same line followed by different letters differ signitieatly (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. (1974) 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 tp 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 tp to 400 ppm of
added iodine without showing deleterious
effects (Newton and Clawson 1974). 

Weight gain tended to increase with increas-
ing level of iodine in the cassava diets, but the 
difference was not significant. This is in agree-
ment with the report of Newton and Clawson
(1974), in which no difference in pig perform-
ance was noted. Cromwell ct al. (1975) also
observed that gain and efficiency of feed con-
version were not significantly affected by iodine 
level. There were no significant differences inthe 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 (1:111) by the thyroid gland de
creased with a higher increment of iodine,
particularly at 50 and 100 ppnl supplementa
tion levels. Cromwell et al. (1975) also found
that pigs fed the basal diet with no added iodine
trapped a greater amount of iodine (1.11)
compared with those fed diets with added 
iodine. 

Delange et al. (1973) found that the ahsorp.
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 1aj

uptake and an increase in urinary excretion of 
iodide. 

On the other hand, Ekpcchi et al. (1966)
found that rats fed 100% dry unfermented
 
cassava increased thyroid uptake of t:,Jl.
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 (lid
not differ much from those fed the soybean
maize 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 
diet. 

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 depletion of the iodine store 
and that this depletion appeared to be severe 
in the absence of iodine supplementation. 

It seems that the cyanide content of the cas-
sava diets employed in the present experiment 
was quite low. as no inhibitor) effects were 
observed, as expressed by the thyroid uptake. 
This shows that the method of processing and 
drying was satisfactory. 

Iodine uptake is energy dependent and is in-
hibited by cyanide. In their investigation, 
Maner and Gomcz (1973) suggested that as 
cyanide detoxication requires labile sulfur, 
methionine serves as a source of sulfur. The 
detoxication produces thiocyanate, which ex-
erts a goitrogenic effect 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 level tended to decrease 
at 50 and 100 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 were 
depressed when pigs received more than 800 
ppm of added iodine, 

The observation that the haemoglobin con-
tent was low when the dietary iodine level was 
high may indicate an involvement in the oxida-
tion of thiocyanate catalyzed by haenoglobin. 
Van der Velden 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 andl t).4 ppm. beyond \\hich the 
performance is not greatly affected. Sihombi:1g 
et al. ( 174) and Cronmwell 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 pro\iinatc and amino 
acid composition of fermented cassava. For 
comparison, the chemical composition of cas-
sava, poultry nanure. Rhizoputs sp. and maize 
is also given in this table, 

Dehydrated poultry manure contains less 

than 10% 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
spectively. The relatively high levels of crude 
fibre (12.9%) and ash (24.4%) would limit 
the amount of poultry manure that can be sup
plemented in monogastric diets. Ng and 
Hutagalung (1974) reported that supplemen
tation of 15% poultry manure and 30% cas
sava in the broiler diet, to substitute other 
protein and energy sources, produced no ad
verse effects on performance, whereas addition 
of poultry manure alone beyond 10% level 
depressed growth and feed efficiency of the 
chickens. When the fermented cassava was 
compared to maize, the ash, crude fibre, crude 
protein, calcium, and phosphorus were higher 
in the former, but its fat and the carbohydrate 
content were lower. The true protein content 
of the fermented product was found to be 
10%. 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 represented
about 30% of its total protein (Ng and Huta
galting 1974). The amino acid composition of 
the fermented cassava was particularly low in 
methionine, but the other amino acids corn
pared favourably with those from medium 
protein sources. Because of its low mcthionine 
content, it is essential to supplement with syn
thetic methionine to obtain an amino-acid 
balanced diet. 

The performance of the chickens is sum
marized in Table 5. In general, weight gains of 
hirds fed diets containing fermented product 
compared favourably with those of the control 
diet. It is interesting to note that replacing 
maize with 50% fermented cassava produced 
better performance compared to other treat
ments. The reason for this is not apparent. It is 
probably due to the underestimation of the 
protein content of the fermented cassava or it 
may also be due to higher feed consumption. 
Poorer feed conversion and higher feed intake 
were noted as the level of maize substitution 
increased. The dry texture, flavour, and nutri
tive balance could have contributed to the 
higher intake of the fermented cassava diet. At 
the beginning of the trial, the birds seemed 
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 perforntance of broiler chickens. 

Avg wt at 4 weeks (g)
Avg wt at 8weeks (g) 
Avg daily gain (g) 
Avg daily intake (g)
Feed/gain 
Digestibility (,64o 
Mortality (%)

Starter-grower 
Grower-finisher 

Fermented cassava replacement level (' ),J. 

1-0 1-25 1-50 1-75 1-1(X) 

361a 582b 641a 560b 618a 
1466d 1402de 1648c 1428de 1394e 

26g 27fg 29f 27fg 25g
61j 65i 74h 73h 73h

2.4m 2.4m 2.61m 2.7kl 2.9k 
66o 60p 591 

13 7 7 27 20 
1O 10 10 I0 10 

at-0, 1-25, 1-50, 1-75, and 1-100 refer to the level of maize substitution with flerenicted cassav in 
the diet.bMeans on the sane line followed by different letters differ significantly (p - 0.05). 

Another possibility is that the diet containing
the fermented cassava contained somewhat 
lower 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 level 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 some indication that 
as the birds grew older they were more tolerant 
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-
eluded that the fermented cassava compared 
favourably to maize substitution, up to 50%. 
It could probably be used to replace the entire 
maize component of the diet when properly 
supplemented with other nutrients, particularly 
sulfur-containing amino acids and energy fromfat 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-
suits 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 will make 
a significant contribution both as an energy 
and medium protein source for poultry and 
pigs, where a surplus of carbohydrates is avail
able. 
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Utilization of Cassava-Based Diets in Swine Feeding
 
Guilermno G.(;6iez, Carlos Camacho, and Jerome H. Maner'
 

A swine feeding progiam based on diets with high levels (60-70% ) of sweet cassava 
meal plus, sobealtl mli a, the ptotcin source. without niethionine supplementation but 
alcqullcl\ slipplelc nlcd wilh vitamins and minerals. was used experi mentally throughout
the aimals lifelime. The espeimental results were compared with those obtained in a 
cltllrlo dict based oil collnon iaie and ,oybeal nincal. 

The gill%fed cassava ncal gained weight more slowly (luring the growing-finishing
periods and gained less %,weightduring pircgcslation and gestation. Nevertheless, they, gained
weight subsquentl.s, in lactation. %%hercas the gilts in the control group lost weight during
this period. 

'Swine Production S sten Program,. Centio Inlernacional tie Agriculttura Tropical (CIATI. Apartado
A&co 67-13. 'ali, Colombia. IVITA. Apartado 245. Ptucallpa. Perti. and Fundacao Rockefeller. Caixa 
Postal 511. 40t.O)0 Salvador Itahia, Brasil. respectively. 
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The results indicate that the experimental diets with high levels of sweet cassava meal, 
without methionine stpplementation, 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 balancc the total protein was significantly greater 
in the cassava meal-based diets than in the common nIf' 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) arc 
used in animal nutrition, especially for swine 
feeding. It 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 abundant experi-
mental evidence available with regard to the 
utilization of different forms of cassava roots 
in swine feeding (Maner et al. 1976, G6mez et 
al. 1976), there is little information on the 
utilization of cassava meal 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 since cassava meal contains 
an insignificarnt amount of protein. Experi-
mental work carried out at CIAT with rats and 
swine (Maner and G6mez 1973, Job 1975, 
G6mez et al. 1976) has shown that methionine 
supplementation in diets based on cassava meal 
and soybean meal improves the protein quality 
of the diet and also makes the detoxification 
processes more eflicient through a greater ex-
eretion of cyanides in the form of thiocyanates 
in the urine (Maner and G6mez 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 ((lawson et 
al. 1963, De Geeter et ,il. 1972, Pond 1973), 
swine have 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 meal 
as a source of energy and soybean meal 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 meal, without methionine sup
plementation. 

Experimental Procedure 

A total of 32 recently weaned Yorkshire 
gilts were presclected and grouped into two 
lots of 16 pigs each, with an average liveweight 
of approximately 20 kg. The anitials 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 remained 
in pastitr.s 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. ach 
sow and her litter remained itl these stalls until 
approximately 2 weeks after farrowing: they 
were then housed in concrete-Iloored corrals 
until weaning of their olspring at 56 days of 
age. 

The experimental diets were sttpplied in 
auitomatic 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. It 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 ot cornton maize 
and soybeati meal. 'he total protein calculated 
(N X 6.25) in the experimental diets was: 
growing (20-50 kg) 16% : finishing (51-9(0 
kg) 13'; ; pregestation (9(0-- 13%120 kg) ges
tation (breeding-farrowing) 16%; lactation 
( farrowing-weaning) 16%: and starter diet for 
baby pigs (10-56 days) 18%. 'le composi
lion of the experimental diets is presented in 
'[able I."he cassava meal was prepared from 
fresh sweet roots (variety l.lanera), which 
were chopped, sun-dried on concrete floors, 



264 TROPICAL ROOT CROPS SYMPOSIUM 

Table 1. Utilization of common maize and sweet cassava meal in swine feeding programs. 
Percentage composition of experimental diets.11 

Finishing and 
Grosing pregestation 

Common Cassava Co111on Cassava 
Ingredient v maize Imleal maize1, 	 meal 

Commi1on maize 79.5 - 87.9 -
Cassava imll - 69.0 - 75.9 
So bean meal 15.8 20.2 7.3 19.3 
Sugar - -

Gestation and Baby pigs starter 
lactation diet 

Connon Cassava Common Cassava 
maize meal nmize meal 

76.4 	 - 62.5 
- 67.0 - 50.6 

18.8 28.2 22.7 34.6 
- - 10.0 10.0 

:'All diets contained: 4% bone meal; 0.5 % mineral premix; and 0.3 % vitamin premix. 

and then ground and incorporated in the diets 
in tile form of meal. 

Results anId Disctission 

In spite of the fact that only gilts were in-
volved, d:aily weight gains (0.77 and 0.71 kg/ 
day) were similar to those reported previously 
(Maner ct al. 1976) for lots of castrated males
and females during the growing-finishing 

periods. Although the principal objective of 
this cxpetinlent was to observe the etfects of 
tile diets on reproductive performance of gilts, 
the results from the growing-finishing periods 
indicate that there is atsignificant ditference 
(I) < O.t) 	 geight) between daily gains of tile 
animals in lie two experimental groups. The 
gilts fed the cassava-based diet gained less 
\weight per day (0.71 kg;day) than those fed 
the colntlol diet based ol comm111lon maize 
(10.77 kg da%. ), s\hich is rellected in the longer 

time (1-2 \k ceks mor,, !han the control group) 
required to reach market weight (approxi-
matcly 91) kg) and later in at lower average 
weight per gilt at tlii time of breeding ( 118.5 
vs 127.6 kg. respect ively I hen all the animals 
were prat-fically the sant age. Intoke of the 
cassava-based diet 12.31 kg day) was similar 
to tile onstmuption of the maize-based diet 
(2.38 	 kg day). 

Table 2 gives the rtproductive performance 
of the tm o experimental groups including live-
%%,eight \ arialions of gills during gestation and 
lactation periods. The gilts receiked a limited 
qumantity of the Cxpetimental diets during pre-
gestation and gestation, equivalent to approxi-
m1atch' 2.0 kg animal day during pregestation 
and I.8 kg animal day during gestation. The 
gilts fed tle naize-based diet had higher total 
body weight gains (48.3 vs 37.5 kg) and net 
weight (33.3 vs 27.6 kg) dturing gestation than 

the animals fed on the cassava-based diets 
(Table 2). Nevertheless, the gilts fed cassava 
meal 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 meal were 
pregnant and therefore the litter number was 
greater for this group; however, the differences 
were due to factors other than the effects of the
experimental diets. Upon making the final 

selection 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 (lie experimental aninals. 

The number and weight of offspring at birth 
from gilts fed cassava-based diets were slightly 
lower but not significantly diffcrent (p > 0.05) 
from the progeny of gilts fed on common 
inaize. When the pigs reached 21 days of age, 
the number of pigs per litter was significantly 
diflerent in the two experimental groups, the 
litters from the cassava group had an average 
of approximately three pigs less 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 
the connon maize and the cassava meal 
groups, respectively. Nevertheless, as a result 
of tile difTerence in number of weaned pigs. the 
gilts fed on commnnon maize produced total litter 
\%cights significantly (p < 0.05) , igher (145.4 vs 
10t3.0 kg) than gilts fed sweet cassava meal 
ITable 2). Performance of tile control group 
litter was similar to that normally obtained in 
practice, whereas performance of gilts fed a 
cassai:-based diet was less than expected. Ap
parently. the smaller number of baby pigs and 
their reduced weight at birth were the causal 

http:diets.11
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Table 2. Utilization of conmon 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 I10th 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 experimental 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 ct 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. However, it should be 
pointed out that the ongoing experiment was
begun at breeding and not in periods prior to 
gestation as was casethe in this work. More
experimental data are necessary to elucidate 
the factor(s) responsible for inferior repro-
ductive performance in feeding programs for 
all periods of the pigs' lifetime that ire based on
the utilization of cassava meal as the source of 
energy. 

The average consumption per animal (gilts) 

Experimental variables 

Common Cassava 
maize meal 

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 meal
needed to balance the total protein quantita
tively in these diets was much greater than for 
the common maize-based diets. 

Taking into 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 meal 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 meal 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 mcal in swine feeding. Intake of diets and
 
basic ingredients. SIM = soybean ineal.
 

Experimental variable 

Common maize (kg) Cassava meal (kg) 

Common 
Experimental period Diet maize 

Growing (20-50 kg) 
Finishing (50-90 kg) 

77.9 
137.9 

59.5 
121.2 

Subtotals 215.8 180.7 

Pregestation 
Gestation 

230.6 
209.9 

202.7 
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 practical evaluation. The economic 
evaluation of the experimental data presented 
is being done at CIAT and will be published 
later. 

The information presented may have limi-

tations andltl characteristic experi-defects of 
mental work of this nature; nevertheless, it is 
possible to suggest that the utilization of cas-
sava mcal in integrated swine feeding programs 
could result in lower reproductive performance 
that could unfavourably affect economic pos-
sibilities. 

Most (fthe experimental work on the use of 
cassava meal in swine production refers 
frequently to partial substitution of cereal 
grains byI, cassava meal in relatively limited 
percentages. In addition, in almost all cases, 
cassava meal has been used in isolated periods 
of tie life cycle. Apparently the continued use 
of high percentages of cassava meal makes it 
possible to observe certain effects that "annot 
be detected in relatively short-term experi-
ments. The ,hects may possibly be different 
when bitter cassava meal is used, because the 
content of hvdrocvanic acid or linamarin is 
much higher than in sweet cassava, Further 

studies are required to obtain efficient use of 
cassava meal in swine feeding programs. 

SBNM Diet 
Cassava 

meal SBM 

14.7 
10.1 

91.9 
124.0 

63.6 
94.1 

23.9 
23.9 

24.8 215.9 157.7 47.8 

16.8 
39.5 
49.9 
18.1 

217.2 
211.0 
292.5 
51.1 

164.9 
146.0 
196.0 

25.9 

41.9 
54.9 
82.8 
17.7 

124.3 771.8 532.8 197.3 

149.1 987.7 690.5 245.1 
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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. 1). Sedgwick,
J. D. Cunningham, S.J. MacLean, J.Santos-Nfifiez, 

and G. G6mez' 
The establishment of a pilot plant for the nonascptic, high-temperature production ofprotein from whole cassava mash by thermotolerant fungi was undertaken. The only nutritional supplements required by the prototype culture (Aspergilus fuigals 1-2 1A,a nonspore-forming mutant) for the conversion of 4% carbohydrate (about 15% fresh cassava) were found to be urea (0.345%), KH.,P0 4 (0.05%), and sulfuric acid (about0.15% of 9N acid to adjust the medium to pH 3.5 and supply sulfur). The plant includesdevices for washing and rasping the cassava roots, aself-aspirating 300 I startler fernientor,a self-aspirating 4500t) 1main fermentor, a roller-press filtration device for harvesting thebiomass, and a unit with asliding roof for sun and air drying the product. 

Some thermotolerant fungi have 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 
highly selective conditions imposed by high
temperatures ( 45 *C) 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 sutffices 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 
Aspergilits fumigaus, designated 1-21 (ATC('
32722), which had a satisfactorily high protein 
content (over 45% crude protein tnder opti-
mum conditions; ca. 38% crttde protein under
the selective conditions required for nonaseptic
fermentation, Reade and Gregory 1975). A 
nonrevertible mutant of this culture, called 

lGregory. Meicring. Cunningham, Azi, and 
Sedgwick. University of Guelph.and Santos-Nifiez and G6mez. Centro Intern-
cional de Agricultura Tropical. Ca'li, Colormbia. 
This work was carried out with the aid of a grant
from the International Development Research 
Centre, Canada. 

tielph. Cit neida:o 

1-21A (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 sonic strains of 
A. Iniatius can incite a lung infection known 
as aspergillosis. A subsequent, more extensive 
search resulted in the isolation of additional 
thermotolerant fungi some with excellent po
tential value for protein production Cephalo
sporiumn eichorniae 152 and Rhizopiis chin
ensis 180, Gregory et al. 19761)). A summary
of a rat-feeding trial tising Aspergilht fund
gatus 1-21 and 1-21 A and the two hest new cul
tures is shown in Table I. All of the isolates had 
similar suboptimal amounts of methionine,
averaging 1.8% of the true protein. In every 
case the rats readily 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 suhchronic toxicity experi
ments with mycelitim from A. fttmigaltts 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 dala ob

tained with these thcrmotolerant fungi were
sulliciently encouraging to prompt the eslab
li,,hment of a pilot plant at (IAT for the pro
duction of fungal bionass from cassava for 
pig-feeding experiments. This paper describesthe establishment of the minimal supplements 

necessary for the optimum production of pro
rein from whole cassava mash by the prototype
culture, A. utinigatus 1-21 A, the construction 
of simple fermentors for this system, and the 
assembly of a pilot plant at CIAT. 
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Table 1. Protein content (%of dry weight) and 
nutritional value of selected thermotolerant fungi. 

Crude "True" 
protein a protein" PERO 

Aspergilhis 

fundgatuis 1-21 
A .f n ia s 1-2 1A 

44
49 

35
37 

2.30
2.30 

A.funigatus 1-21 A 
27 2.2*on cassava mash" 37 

Cephalosporun
eichhorniae 152 49 38 2.6* 

Rhizopus chinensis 180 49 37 2.5 

aCrude protein - total N x 6.25. 
t,"True" protein wits determined by an assay for 

.-amino N with purified bovine serum albumin as a 
standard (Reade and Gregory 1975). 

'PER - Protein effliciency ratio (g weight gain/g 
"true" protein consumed). Values were normalized 
relative to casein set at 2.5. Each diet was tested with ten 
rats. The fungal diets were supplemjented with 0.5 ,' 
ti.-ntethionine, and the casein standard diet wis 
supplemented with 0.3% it.-ntethionine and 0.1% 
i.-tryptophan. PER values that are signilicantly different 
from the casein standard at the 5%level of probability 
are marked with asterisks. 

ItThe biomass produced on whole cassava iash con-
taitted unfermented cassava libre as well as ftlngil 
otycelia. 

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 eassava mash were 
assessed in relation to reported analytical 
values for cassava roots (Anonytnous 1968, 
E'wing et al. 1969, Gamble and Snedaker 1969, 
Oke 1966, Pond and Matter 1974). 

Growth responses in medi:t with various salt 
concentratotnis were determined in 5-litre fer-
mentors. Inocttla for most experiments con-
sisled of spores of 4. 1ttmigattls 1-21 suspended 
in 0.)2% t ,/v) Tween 80 because of ease of 
handling; bttt the asporogentous mtuttant 1-21 A 
gave anl identical response in the final opti-
mized medium, 

The mineral elements contributed by the 
starch were determined analytically, and the 
theoretical total requiretnent calculated by 
adding these anlytica l values to the experi-
mentlally determined stpplements required. It 
is apparent that lie average cassava variety 
supplies adequate amounts of all the mineral 
clementq required except sulfur atd possibly 

8 

7/,

/ / /o 

;

' / 

4 - .,0.
3' ... - , 01.o *-'I 

2 NSOURCE INITIAL pH 
Urea only Adjusted to 3 5
 

1 Urea + (NH.),SO, Adjusted to 3.5.
 
175% N)(25% N) Not adjusted = 

0 10 20 30 40 50 

Time (h) 
on of 

Fig. 1. The effect onrogen source on i/e po 
cassava starch ,neditan (2% carbohydrate) in
ovittated with A. funigatts 1-21. 

zinc. In experiments with whole cassava mash, 
however, the addition of zinc has not been 
found necessary. The amount of phosphorus 
supplied by the average root is very nearly
sul b th avu ag rotis y erly
equal to the amount required by thc culture, 
but sonic sources of cassava would supply only 
about 50% of the phosphorus required. The 
required sulfur supplement can be supplied 

most easily and cheaply by means of sulfuric 
acid because the addition of acid is required, 
in any case, t, adjust the initial pH of the 
medium to 3.5. 

The only additional supplement required for 
the cassatva mash medium is a nitrogen source. 
Urea and ammonium sulfate were both found 
to be suitable for the growth of A. ftinigatits 
1-21. but ammonium sulfate alone resulted in 
too low a pH during the fermentation (Fig. I ). 
When a large mycelial starter inoculunm was 
utsed, the ammonia released from the urea was 
uttilized fast enough so that a marked rise in pH 
did not occur ttltil the end of the fermentation. 
Accordingly, urea was selected as the nitrogen 
source for the fermentation. 

As predicted from experimental data, when 
whole cassava mash was used, tile cassava sup
plied most of the required mineral elements in 
adequate concentrations so that the supple
tietts reqttired were reduced to only three: 
sulfuric acid, which adjuted the pl to 3.5 and 
supplied Sul fur: urea. as the nitrogen source; 
and nionopotassium phosphate (Table 2). The 
addition of 1ilotnopotassiittfl phosphate was 
found to he essential for maximuni protein 
yield with a mash prepared from the cassava 
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Table 2. Supplements (g/I) for A.,funigatus 1-21 to
 
produce maximum growth and protein yield in
 

2% (w/v) carbohydrate, supplied as cassava starch 6 
 :
 
or whole cassava mash.a 

All Supplements. / /" .*
Opiu piu -


Optimum Optimum 2" 
Originally for for whole I'pUREA 
proposed cassava cassava o / , 
concen- starch mash / ./ UREA ONLY 

tration medium medium 2 
2/
 

KH 2PO4 1.0 0.375 0.25 / 
MgSO 4.7H 20 0.1 0.025 0
 
KCI 0.05 0 0
 
FeSO4.7H:O 0.01 <0.01 0 o'___--_-_---
CaCI,.2H20 0.01 0 0 0 12 24 36 48 60
 

ZnSO 4.7H2O 0.01 <0.01 0 Time Ili) 

Urea 1.72 1.72 1.72 Fig. 2. Minimal supplements required for opti
tintn protein production by A. fumigatus 1-21A in 

"Sulfuric acid, used to adjust the initial pH to 3.5, mediun containing whole cassava mash (4%
provided an excess of S in all cases, carbohydrate). 

used in these experiments (Fig. 2). In the ab- compressor is required to force air into the 
sence of any added KH.,1P0 4. total product fermentor. The process produces a high-pro
yield was undiminished, but its protein con- tein product from cassava roots by means of 
tent was lower. an aerobic submerged fermentation in which 

Concentrations of cassava giving carbohy- nonprotein nitrogen is used for microbial pro
drate levels as high as 4% (about 15% fresh tein synthesis at the expense of energy from 
cassava) appear to be suitable for a 24-h pro- the cassava carbohydrates. 
duction schedule (Reade and Gregory 1975) The build-tip of inoculum is made in the 
but require double the minimum concentration laboratory where the cultture is first increased 
of supplements shown in Table 2. in multiple bottles of an agar medium. This 

Since the operation of a pilot plant for growth is then transferred to the 14 I labora
microbial protein production restlts in a large tory scale fermentor. Growth in this fermentor 
volume of waste effluent liquid, experiments rt.uires about 2 (lays before the cultture is 
were undertaken to determine the feasibility of placed in the 300 1fermentor. About 24 h later, 
recycling part of the effluent into subsequent this 300 I volume is ready for transferring to 
fermentations. In experiments in which 50% the 4500 I fermentor. 
of the effluent was recycled in sequential fer- The process at the pilot plant scale starts 
mentations, the effluent became markedly with fresh cassava roots, which are washed to 
toxic for the organism. The effect of recycling remove soil. Next, the whole root (incltding 
25% of the effltent in sequential fermentations the peel) is ground to break open the cell walls 
has not been determined, and it is questionable to release the starch granules. This is done by 
if recycling this low a percentage wotild be passing the cassava throtugh a rasper similar to 
worthwhile. those used in small cassava starch factories. At 

this point the rasped cassava is lifted and trans-Pilot Plant Operation 
ferred into the large fermentor, which is half 

At the pilot plant constructed at CIAT, both filled wilh water, previously heated to about 
300 I and 4500 I batch-type fcrmentors of 70 'C by the passage of steam through a heat 
novel design are being used to process test exchanger. This temperatinre needs to he main
quantities of enriched cassava (Azi et al. tained for about 10 iniittes to gelatinize the 
1975). starch and to prevent the developnment of fungi-

The main feature of these fermentors is a static activity in the mash (Reade and Gregory 
self-aspirating agitator unit, by means of which 1975; Gregory ct al. 1976a) Urea. a small 
air is drawn by suction down through a hollow amount of monopotassium phosphale and 
shaft and out through the ends of the blades as more water are added to bring the fermentor 
the hollow impellor blades turn; thus no air almost to its full operating volume. The addi
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tional water should lower the temperature to 
about 46-47 *C.Sulfuric acid is used to bring 
the initial pH to 3.5. The large fermentor is 

now ready for inoculation with the strr 
culture produced in the sam medium inthe 

lte 

small fermentor (300 I). This inoculum is 
about 6.7% of the volume of the culture in the 
large fermentor. The fermentation is run for 
about 20 I,during which time the temperature 
is maintained by means of a temperature con-
troller that actuates a solenoid controlled water 
valve to regulate the flow of cooling water at 

amb~ient temperature. 
Once the culture completes its growth. part 

of the hiom:ass can be saved as a starter culture 
for a second batch. The remainder of the bio-
mass is harvested by means of a roller-press 
device designed for this process. 

The biomass produced by this process will be 

nixed with more cassava or any other appro-
priae ingredient to lower the protein content 

to the desired level, for feeding as a moist 
ration to growing pigs. Because the material 
would spoil if stored wet. it is preferable to 
obtain a stable dry product for experimental 
purposes. The material becones 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 Nartey' 

The activities of lipase. isocitrate lyase, and malate synthetase were investigated in 
cassava. The enzymes,were present in mature dry seeds. Their activities increased gradually 
during the initial 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 masi mun earboh. dale s.nithesis and storage, which nearly coincided with the 
period of maximluml lipid degradation. IThis indicated that the fat-carbohydrate mechanism 
in cassava involves the key enzymes of the glyoxy late cycle. 

L.ipids and proteins form the major con-
stituents of the storage reserves in mattre cas-

1lnstitutc of Plant Phy'siology, University of 
Copenha n. 0. Farimagsgadc 2A, 1353 Copen-
hagen K.. Denmark. 

sava seed kernels. Free fatty acids are com
pletely absent, and carbohydrates occur to a 
minor extent (Nartev et al. 1973). The germi

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 approximately 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 operation of a fat-carbohy
drate mechanism in cassava during germina
(ion and growth in the (lark, which is further 
stimulated by illumination. 

Oleaginous seeds mobilize and utilize fat for 
carbohydrate synthesis or respiration during 
germination and growth. In Ricinus co n/Uis, 
germination is accompanied by hydrolysis of 
triglycerides to free fatty acids, followed by 
their conversion to carbohydrate. However, in 
Citrillus vidgaris and Elaeis gidn,'ensis, 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 cittnntis, 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 and an 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 (Manihot esculenta 
Crantz) seeds and seedlings, it was found that 
most of the storage lipids are rapidly converted 
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 tie glyoxylate 
cycle. 

Results and Discussion 
Seeds and seedlings were either finely ground 
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Fig. I. Hydrolysis of endogenous lipids by caswva 
litpase. 

in a mortar with pestle or pressed in the french 
press with 0.2 M Tris buler PH 7.0 containing 
0.05 M cysteine and 0.01 MA EIIA for lipase 
isolation, and with 0.067 Al phosphate buffer 
pH 7.6 for isocitrate lyase and malate synthe
tase isolation. The brci was passed through four
layers of muslin and centrifuged at 270 g for 
30 mini to remove cell debris. Trhe cloudy 
supernatant was recentrituged at 10.800 g for 
30 rain 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 synthctase activities, 
and a precipitate that was discarded. The two 
fractions were partially purified by extraction 
with ether, followed by dialysis and lyophyliza
tion. 

Lipase Aclivily in Malure Dry Seeds: 
p Oplima 

Mature (fry seeds had lipase activity, which 
increased with imbibition of water. The en
zyme had two pH optima, depending on the 
method of preparation. i'nzyme preparations 
oblained by grinding showed an oplminn at 
p1. 7.0, whereas preparalions from the french 
press showed an optiminu at pll 9.0. 'his in
dicates the presence of two enzymnes, ne func
tioning as a netilral lipase, and tie otier as tin 
alkaline lipase. Both types of enzymes have 
been identified in germinating castor ie)anand 
Douglas Fir ,ecds (('hing, 1968, Muto and 
Blcevers, 1974). 
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creating lipid at/ic. anld il rol. in t iumulhti, of .i art/I. 

Substrate Specificity %faniho oil. In a typical experiment, the 
Cassava lipase caltlyzcd the hydrolysis of a lipid-cnzyni. fat-pad wkas isolated intact, dia

variety of oils, including endogenoi, .faniho't lvzed, and yophv lizcd. A portion of the prod
oil, anti exogenous %faiihtoil, so, bean oil, uCi thus obtained was homogenized in phos
colton sued oil, and olive oil. Fig. I shows phate buller pH 8.0. and the hydrolysis of 
casava seed lipase activity on endogenous ester bonds followed. 
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Fig. 3. Changes inisocitratelyase anid nalatesyn-
thetase acities in cassava as a function of 
germination and growth in the dark. ,.-tities 
were determnined spectrophotoniericaly. 

Cassava lipase isolated from imbibed seeds 
gave the following results (/tmole ester hydro-
lyzed 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; and 
trilinolcin 0.50. The cassava lipase catlyzcd 
the hydrolysis of Manihot and soybean oil at 
nearly equal rates. This is probably due to the 
nearly identical concentrations of triglycerides 
of linoleic, oleic, and palmitic acids present in 
Ma/ihot and soybean oil (Nartey and Mller 
1973). Although the enzyme showed a broad 
substrate specificity, it was more active on trio-
lcin and trilinolein. This indicates a substrate 
preference of triglycerides of long chain fatty 
acids with one or more double bonds. 

Changes inLipase Activity During 
Germination and Growth 

Lipase activity in cassava seeds increases with 
germination and reaches a peak after 9 days. 
After 18 days, another peak is reached which 
coincides with the period of maximunm lipid 

degradation. Fig. 2 illustrates this tendency at
the cellular level and shows that lipid bodies 
present in mature dry seeds were hydrolyzed 
after 10 days, giving rise to the accumulation 
of some carbohydrate in plastids; after 18 days 

most of the lipids disappeared, giving rise to 
more carbohydrate. 

Isocitrate Lyase and Malate Synthelase 
stated earlier, both soluble carbohydrates 

and starch begin to accumulate after 9 days. 
Accordingly, the enzymes concerned with the 
conversion of fat to carbohydrate were investi
gated during te 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,

activities increased, reaching a peak at ap
proximately 15 days. nearly coinciding with the 
period of maximum degradation of triglyccritics by lipase. Fig. 3 illustrates the activities 
of the key enzymes of the glyoxylate cycle in 
cassava seeds germinating and growing in the 
dark. 

The above data gives further evidence that 
the operation of the fat-carbohydrale iecha
nism in cassava seeds duhring gernlinat ion and 
grov, th involves the key enzymes of the gly

oxylate cycle, namely, isocitrate lyase and 
malate synthetase. Together with lipase, the 
activity of which also increases several fold 
with germination and reaches a peak in the 
postgermination period of 9-18 days, these 
enzymes give rise to cal bohydrate for storage 
and metabolic processes. 

This investigation was supported by a I)anida 
Grant (1)anish International l)evclopment
Agency. Ministry of Foreign Alrairs) which isgratefully acknowledged. The Natural Science 
Council of D)enmark provided travel funds to the 
author. 
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terial did not form noodles with the capacity to 
retain their shape upon boiling for 10 min. 
However, upon the addition of 10-20% soy 
flour, noodles that retained their 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 induced by a 
convenient and inexpensive food staple. 

Conclusions 
The production of stable convenience foods 

from root crops involves several steps that may 
be taken in diverse orders. For taro, it is pos-

sible to separate the acridity factors by gravita
tional means, stabilize the material by dehy
dration, and utilize it as the main component 
in a noodle like food that can be prepared by 
simple cooking. These steps are part of a larger 
study aimed at the entire system of delivering 
food calories from root crops. 
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Mechanization of Yam and Sweet Potato Production
 
in Barbados
 

.1. P. W. Jeffers'
 
A locally construicted planter and an imported transplanter were used to plant yarn

and sweet potatoes respectively on a field scale. Harvesting was carried oit ming a locally
constructed harvesting-aid and aInimported digger-elevator. The digger-elevator was 
stccessful in sweet potatoes, but will have to be modified to work on yats. 

Yams (Dioscorea alata) and sweet potatoes 
(Iponmoea 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 lahour shortage and to the physi
cal effort involved, attempts have 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 hit not yet per-
fcted.
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 reconmended that Ihe 
84-cm ridges be used for yams and sweet pi. 
tatoes rather than the previously used 169 cm. 
This recommendation is based on earlier work 
where we showed that larger yields and better 

'Ministry of Agriculturc, 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 arid after one or two handl weedings are 
harvested with itgarden fork. This production 
method is labour intensive, time colstuming. 
and physically laborious. 
P a tnPlnting 

A niechanical two-row Iransplanter was oh
lated in 1973 for use mainly wvith vegetable 
crops. We decided to plant polalo cltltigs or 
"Slips" Wilh the transplatter, and changed only 
the scaiLtig atrrangeient to seat folir persoins. 
The land was ploughed and harrowed to obtain 
a well cultivaled lat seedhed. 1lieIrainsplatter 
wits then used to plant the slip burying the btt 
end at least 10.6 cm in the soil. In operation, 
the planters work in pairs, one pair to a row. 

http:oloca.ia
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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. 

Intercullivation 

After the slips have rootd and started 
growing it is necessary to ridge them up to 
create an area for the formation of tubers and 
to control weed growth. The ridges should he 
84 cm, obtained by using rotary cultivators. 
Two operations are nornally used for ridging 
tip. 


Harvesling 

Earlier work identified two implements that 
CoUld he used for harvesting sweet potatoes. A 
locally constructed "harvesting aid" has been 
successfully used. It consists of a 10.1 X 15.2 
cillmounted tool bar fitted with two subsoiling 
tines placed 102 cm apart. The shoes are joined 
by a straight blade 102 X 20.3 cn made of 

Table I. Comparison of harvesting methods on 
damage to yams. 

Wt. of 
whole 

Ridge yams/ 
spacing row Total/ break-

Method (cm) (kg) row age 

Manual (fork) 168 185 370 50 
Harvesting aid 168 285 346 19 
Manual (fork) 84 314 466 33 
Harvesting aid 84 259 340 24 

prepared and tubers planted to suit the har
ester. Good land preparation is essential and 

positioning of the seed pieces is critical if the 
mature tubers are to be conveniently located 
for harvesting (Chandler 1973). 

Planting 
I-cm thick steel. On the trailing edge of tile Mechanical planting has been tried only on 
blade five 2.5-ci diameter rods were welded the ridges spaced 168 cm apart. Tile planter is 
16.5 ci apart and prolruding backwards 38 simple, consisting of a double tool-bar with 
cni to assist inseparating tie soil from 11he conventional three-point mounting to which is 
sienrs. flhis ee-implement isrclai'cl i 
sic ad efficient. The vines must he remoed 
10 prevetl clogging. and a simple device has 
been devised to cu1t con-the potato vines. This 
sists of two pair, of angled discs set 1)2 cm 
apart to cuit tile pathand clear vines from tile 
of the subsoil standards. 
Thelor ld ha vister isan imported digger-

elevator. This isa rO operated digger co-
shing Of t and shakerele tder-cutting lude 
chains that ele'ate [lie tihers and siftout most 
of tilesoil, dropling tubers and remaining 
debris from the rear of the elevator, 

Results 
Uhe harvesting aid can bring an 84-cm row 

of s\vce 10taLIcs iII allott 7 miin.t t10 long in 
The collect ion, grading, bagging. aind loading 
take apprcciably longer. In 3.5 h tiledigger-
ele,ator harveted 27 000 kg of potatoes by 
one opelator. [he incidence of damaged tubers 
in each case wvas less than 5% by weight, 

,chaitt'd I'roductioi of YFrom 
Their aie certain prercquisites to successful 

niechani/at ion of vainl pIodtction: (11 vanis 
must be gios\n in pine stanids because it is 
impractical to harvest mechanically from be-
tween yoting sugar cane; and (2) land must be 

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 tube travel 10-15 
cn below the apex of a previously prepared 

ridge. Yams are deposited at this depth and are 
covered when tileridge is reformed by the 
mloulding discs. This planter has a working 
rate of 1-2 ha/day depending on1 operating 
conditions, and requires one driver and a 
planter operator. 

larvesting 

The harvesting-aid has been used to harvest 
both hand and mechanically planted yams. The 
mechanically planted yars were grown on 
ridges 168 cii apart while the hand planted 
crop was grown on 84 cin ridges. Observations 
were iimade oilthe rate of work, the anount of 
damaged tubers, and comparisons were made 
with hand harvesting. 

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 31 034 kg of yams. Table I shows the 
comparison of harvesting methods on damage 
to yarns. 
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Discussion 
The yield of yams increases as the size 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 harvesting of yams and sweet 
potatoes could save about $100.00 (Bds)/ha. 
Mechanical planting and intercultivation of 
sweet potatoes could save about $150.00 
(Bds)/ha. 

Suinimary of Discussions
 

Utilization
 
Rapporteur: Truman P. Phillips
 

Discussion Leaders: 0. L. Oke and Truman P. Philips
 
The discussion centred on three 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 importance, of potatoes in the diets of 
many regions of the tropics. It was also noted 
that tile short growing season of the potato 
suggests the potential of using it in a imulti-
cropping sequence. 

The data presented b" Thompson et al. were 
criticized for too often being based on lern-
perate country information, and failing to corn-
pare potato productivity .uith other tropical 
root crops. For example, potatoes are the 
fourth most important staple at the world level, 
but in the tropics potato production is only a 
fifth of cassava production, and is only slightly 
greater than sweet potato or yarn production. 
Also, given current practices it is unrealislic to 
suggest that in the tropics 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. lie nied 
that in the tropics cassava is the cheapest 
source of calories and is the most widely 
grown tropical root crop. It is the most produc-
tive farm crop, yielding edible nutrient equiva-
lent to an average of over 13 million Kcal/acre 
compared Aith 9 million for yam and I million 
each for guinea corn and maize. Over 8 million 
tons of cassava are produced annually ill Ni-
geria, contributing about t6% of the total 

,caloric and 5% of the protein intake. FA( 
estimated cassava intake in 14 tropical coon-
tries to be between 269 and 1193 calories/day, 

representing 10-58% of requirements. 
Yam is a more nutritious root crop, with an 

annual production of over 12 million tons, 
contributing 13% of the total caloric intake 
and II % of the protein. ILike cassava it is die
ficient in the sulfur amino acids. Cocoyam 
and potato (sweet and Irish) are not utilized 
to as great an extent as yam or cassava. seem
ingly because they grow wild, 

It is, however, not the individual nultrient 
value of foods that is important, but the total 
nutrient value of tile diet. 

Basic foods in the African diet are: (I ) cas
sava fermented to give fufu or served and 
fried to give gari. Ibis is usutlly eaten with 
vegetable stew and meat; (2) yam boiled and 
pounded to give a podding, iyan, or alterna
lively, sliced, dried in the sun, and powdered. 
The fine powder is made into a thick paste with 
hot water, a iala. In bth cases the product 
is eaten with vegetable stew and meat; and (3) 
cocoyam grated. Wlapped in hananai leaves, 
and stcaned. Again, tIis is ealen with vegetable 
stev and meal. Obviot0sly, the nutritive value 
of cach o' these will depend an tile quantity 
used and the nutrilive value of the meat or fish. 

Int it has been noted by numnerois research
ers that sulfur anino acids are tle first limiting 
f:tors in diets bsed oi r ats arid tubers, 
Nevertheless. these f ds. in addilion to pro
viding large pcrcentages o calric reqiire
rnicnt,, accooit for suitt 1.ldpoportions of 
protein, calciulm, iron, and vit:i mi (. 

In conclusionl it is ditlieiilt, if not iripossible, 
to visualize hfow f: pical dicts can be main
lained without th traditional r)ot aidfluber 
crops, The patalo, iowever, heccares im
partant when comidered 1 e complenmentary 
rather than competitive with other root and 
tuber crops. 




