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Foreword

The International Society for Tropical Root Crops held its Fourth International
Symposium at the Centro Internacional de Agricultura Tropical (CIAT) in Cali,
Colombia, from 1 1o 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 the diet, especially
of lower income groups in developing countries. Participants were then welcomed
on behalf of the Government of Colombia by Dr J. Franco, the Director General
of the Instituto Colombiano Agropecuario; by Dr H. A. Al-libouri speaking on
behalf of the Director General of the Food and Agriculture Organization of the
United Nations; and finally by Mr D. G. Coursey the Society's President.

The week-long symposium focused consecutively on four main themes: (1)
Origin, dispersal, and evolution; (2) Basic productivity; (3) Prcharvest 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 sweetl polatoes, 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 submitted of which more
than 60 were selected for presentation at the meeting. In addition to the paper
presentations, participants took part in two field trips.

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

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 Agropecuario (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 polatoes, cassava, sweel potatoes, yams, arracacha, malanga, sago, achira
and others, dates back to the time of Colombus. However, improved technology
has only developed in recent years as a result of population increases and worldwide
food shortages,

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

Nowadays yams are regarded with particular interest because of the presence
in some varieties of corticoid substances with widely known medicinal uses. Let us
hope that the other plants vou are studying with such dedication will contain
equally important clements 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 yvou 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 29 . 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 easicr to solve the calorie 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 [uture.” 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 reiniorce 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. Al-Jibouri

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

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 this gathering.

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

FAO is very pleased to be associated with this symposium, and has actively
participated in the previous ones. Delegates may be interested to know of FAO'
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 programs related to the
breeding, agronomy, and protection of root crops. UNDP has agreed, in principle,
to provide more than US $700 000 for a regional project on “Root crops develop-
ment in the South Pacific.” Another inter-country project for Africa entitled
“Network of research stations on root and tuber crops” is also under consideration
by the UNDP. Two publications, one on “Cassava — ils importance in tropical
countries” and the other on “Cassava processing” are in preparation by FAO and
will shortly be published.

In the field of exchange of disease-free planting material FAO's role is to
facilitate the 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 onc 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 rool 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, FAQ 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 Products Institute
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 important root crops — cassava, If the historians are not wrong, it
was near this meeting place that cassava was first domesticated by man, Therefore,
it is reasonable to expect that this symposium will devote considerable attention to
cassava. But, we also find yam in Colombia, particularly in the coastal regions,
while potatoes, sweet potatocs, 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 rescarch 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 Indics 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. Ibadan, Nigeria, was the host of the third Inter-
national Symposium on Tropical Root Crops in December 1973, organized by the
Society with the cooperation of the International Institute of Tropical Agriculture.
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I would like to express our appreciation to CIAT for having offered its premises
and facilities for this gathering. 1 also want to thank the Colombian 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 Léon’

Tropical root and tuber crops have been domesticated in Southeast Asia, west-central
Africa, and tropical Latin America (including the high Andes). The crops belong to
different families. Species of the one genus (Dioscorea) were domesticated independently
in each of the three regions. Species of Colecasio and Xenthosoma (family Araceae) and
Pachyrrehizis and Pueraria (family Leguminosae) 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 who
gather them from wild plants. Poisonous, acrid, or bitter qualities were found in the most
important crops by early man, who learned how to remove or destroy these undesirable
qualities. Most of the root and tuber crops are polyploids, and most of them are vegetatively
propagated. Fertility traits are therefore of special importance in their evolution under
cultivation, but there is no evidence that clonal propagation has led to sterility. Information
on their evolution is extremely scarce as cultural sources, archacological, linguistic, and
historic information is scanty and unevenly distributed. On biological sources, compara-
tive taxonomy, metaphase cytology, and hybridization have given some important clues,
but there is still very little information available on the evolution of these species,

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

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

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

1Programa de Germoplasma, CATIE, Turrial-
ba, Costa Rica.

P

-

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

The contrasting of agricultural systems
based on the differences between seed and
clonal propagation is a simplification of a
problem that is too complex to be reduced to
the duality of planting materials,

The Basic Materials

Roots and tubers are storage organs that are
developed in many families of plants, probably
as a result of selective pressures in environ-

1]
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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 tem-
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) wvaries 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 lissues
may derive from a normal cambium, or as in
the sweel 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, wherecas 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 1).

Factors in Evolution
The usual sources of biological information

on crop evolution — comparative taxonomy,
cytological analysis especially at metaphase,
and experimental hybridization — have been
applied to 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 penus, 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 Xanthosoma, 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 fpomoea from Mexico, has been con-
sidered as an ancestor species (MNishiyvama
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 ficld. 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 interspecihc
hybridization the origin of most cultivated
plants, especially if they are polyploids. In
roots and tubers, sweel potatoes (MNishivama
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 Cordyline terminalis Ti, palm lily
Araceae Alocasia Ape, biga, birah
Amarphophalius Suran, ¢lephant yam
Colocasia Taro
Cyriosperma -
Xanrhosorma -
Cannaceae Camna edulis Achira
Cyperaceae Cyperus esculentus -
Eleacharis tuberosus Water chestnut
Dioscoreaceae Dipscorea (12 species) Yam
Marantaceae Muranta arundinacea Arrowroot
Calathea alluia Lairen
Taccacaeae Tacca feomope taloides Pia, Polynesian arrowroot
Zingiberaceae Curcuna angustifolia -

Dicotyledoneae

Curcuma zeodoaria

Basellaceae Ullucus tuberosum Ulluco
Compositae Polymuia sonchifolia Yacon
Convolvulaceae Ipomoea batatas Sweel potato
Cruciferae Legidium meyvenil Maca
Euphorbiaceae Manihat esenlenta Cassava
Labiatae Pleciranthus escilentus Kafir potato, dazo
Solenastemon rotundifolius Hausa polato
Stachys siebaldii —
Leguminosae Pachyrefizus (spp.) Ahipa
Psyphocarpus tetragonolobus  Sigarilla
Pueraria lobata —_
Splenostylis stenocarpa -
Oxiladaceae Oxalis tuberosa Oca
Solanaceae Solanwm tuberosum Potato
Tropacolaceae Tropaealeumn tuberosum Mashua
Umbelliferae Arracacia xanthorrhiza Arracacha

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

As a main force in evolution, the impact of
recombination is possibly less evident now than
in the past. Under original conditions, root and
tuber species were closer to their primitive al-
lies and hybridization may have bcen more
frequent. But as man moved them to new en-
vironments, not only did the possibility for
further crossing and segregation decrease, but
the mechanisms of seed setting and sexual re-
production were affected. The practice of vege-
tative propagation helped to reduce the im-
portance of segregation and inereased the role

of somatic mutation in the evolution of these
crops. However, hybridization in these crops is
a potential force of considerable value for
further improvement { Abraham et al. 1964},

Polyploidy

As expected in cultivated crops, a good num-
ber of root and tuber crops have different
ploidy levels. The early cytological studies on
potatoes led to the separation of the numerous
cultivars included in Selanum tuberosum into
several species (Juzepczuk 1937), or into one
species formed by five groups and two hybrids
with other species (Dodds 1962). The culu-
vated diploids have been derived either from
wild diploids, again with no total agreement
on the identification of the ancestors, or from a
primitive complex in which many diploid
species may have taken part (Ugent 1970).
The tetraploids may have arisen through 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 is Dioscorea,
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 Decpesh 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-
ifera, 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, cavenensis 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. penthapiylla 2n
= 140. However, Coursey (1976) points out
that in Diescorea 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 180°, that is in most of Polynesia, all
clones show 2n = 28 (Yen and Wheeler 1968),

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

the second process is more likely to have
occurred. Other species showing different levels
of ploidy are: Maranta arundinacea, tetra-
ploid; Canna edulis, triploid; Ullucus tuber-
osus, triploid; Oxalis tuberosa, hexaploid;
Tropaeoleum rtuberosum, hexaploid. On the
other hand, the cultivated Xanthosoma (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 Manihor 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 pelyploids in cassava, assuming
that it is a diploid, are not superior in yicld to
diploids. In Ipomoea, 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 possibilitics, 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 cultings has been car-
ried out for so long that it has lost completely
its ability to set seeds. Vegetative propagation
in itsell 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
Migeria 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 sced, 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

sced 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 et al. 1972).
All the Andean tubers produce abundant seeds.
In oca (Oxalis tuberosa), however, seeds are
extremely scarce in field conditions, but if pro-
tected from wind and frost, which produce
abcission of the inflorescences, seed setting is
normal { Alandia 1967). In arracacia, sceds are
produced the second year but as the root ma-
tures in 8-14 months, flowers and seeds are
rarely seen.

WVegetative 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 replacement of cultivars
when superior clones become available, with
consequent losses in germ plasm. In addition,
monoclonal plantings may be wiped out
quickly by discases 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
scarcily or famine the “seed” has to be caten.
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 1:1000 (Yen 1974),
In more reduced samples of improved clones,
mutation rates vary from 0 to 2.9% (Hern-
andez et al. 1964). The frequency of mutation
may give an indication of the age of the crop,
although it is mainly determined by the num-
ber of individuals, Because mutations change
only certain characters, the original popula-
tion could be recognized. The mutants form
“groups of varieties” (e.g. in taro and other
luber crops). Within a mutant population not
all the individuals are alike (e.g. potatoes).
Some may produce subclones that differ in im-
portant characters such as yield and resistance
to discase.

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 asset. It is likely that the “magic
gardens” of the taro growers of Polynesia are
collections of aberrant clones. A similar situa-
tion occurs in the mixed 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 discase 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 Uflucus
is internode length.

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

of the leafl up to insertion of the petiole, often
blotched), or the branching in the corms of
Xanthosoma and Colocosia, could also be at-
tributed to somatic mutations. Colour changes
due to mutation were mentioned above in roots
of the sweet potato and a characteristic feature
of somatic mutation, sector colouring, is
found in the petioles of many taro and Alocasia
clones. Quite common are chimeras affecting
colour or structure of the outer layers in tubers
and corms. In potatoes and Ullucus, 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 vellow or magenta or with
large arcas of both colours. In this crop, as in
potatoes, russeting is common and types with
this kind of skin are recognized as different
clones. It is very likely that the ornamental
cassava has a similar origin. As mutation rate
is a function of population size, it is quite likely
that in the relict crops so common among root
and tubers, this force is 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 are
easily destroyed by fungi, bacteria, and in-
seets. As well, most grow in wet regions and
the materials preserved are very scarce and
irregularly distributed. The 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 archeelogy, it provides an irregular
picture. Africa has been the foremost meet-
ing place of root and tubers, however its early
written history is very fragmentary. A similar
situation occurs in southeast Asia and tropical
America,

Plant domestication was initiated to answer
the 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 but 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 commaon
in root and tuber crops are: (1) 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 discase, may come in
more advanced 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
discovery of technigues to eliminate these sub-
stances played a decisive role in domestica-
tion. The processes differed according to
species. One special technigue 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 (Tropaeolum), and oca (Oxalis).
This also led to the preparation of “chufio,” a
dry mass easier to store and transport than the
whole tubers. Roasting or washing methods
were developed in Polynesia to remove the
acrid substances from the stems of aroids. The

Polynesians also learned to prepare a taro
mash (“poi”), which was more nutritious and
easier 1o 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 erop 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 1o cut the upper part
of the taro to obtain propagation material
{Buck 1964). Evidently carly man learned
simple cultural practices, such as providing
support for yams and piling earth on the base
of the plants to supply better and looser soil
to the growing tubers. The processes of
domestication of roots and tubers, particularly
the development of practices and instruments
for their preparation as food, were far more
difficult than for fruits or grains. Also in sclect-
ing less poisonous or acrid clones and develop-
ing cultural practices, primitive man showed
such ingenuity that Burkill {1951} said they
must have “already graduated in horticulture.”
Out of simple management practices, man
evolved more complex systems of agriculture.
In southeast Asia, terracing was developed for
taro cultivation, which eventually 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: (1) southeast
Asia and its peographic 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.
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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 because of its domestication of plants
and animals, the development of systems of
agriculture typical to the region, and the in-
vention or changes in the utilization of plant
materials for food and other uses. The region
is limited by natural barriers to the north (the
Himalayas but in its northeast corner is open
towards China) and to the west (the 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 arcas 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 arcas 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 Lo cast. 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 Megrito stock who, up to this
century, lived only by gathering roots and
tubers. These were the Andamanese in the
Andaman Islands; the Semang in MNorth
Malaya; the Kadar and the Chenchu in the
Western Ghats in India, and the Veddas in Sri
Lanka (Burkill 1953; Coon 1974).

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

The Negrito stock settled in the region 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 fruils — 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 scttlement of Polynesia when the
Malays from Samoa and Tonga reached the
Marquesas to the east, Tokelau to the north,
and the Ellice islands to the northeast, Pre-
viously, Micronesia had been settled by other
immigrants from the Sunda and Philippine
islands. The second expansion occurred before
500 AD when the Polynesians starting from
the Marquesas reached the extremes of the
Polynesian triangle (i.e. Hawaii, Easter Is-
land, New Zealand). There are no written
records before 1500, and linguistic and archeo-
logical evidence is not strong cnough to sup-
port the view that in Oceania there was a pre-
and post-Polynesian stage in agriculture,

Towards the west, the expansion of crops
was prevented by the dry and desert areas in
northeast India. Only one species {Colocasia
escitlenta) 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).

Aroids

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 cast 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.

Amorphophallus 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 backvard
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 arca, 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
are 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
castward in recent 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 €. esenlenta 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 haly
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
malerial 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 cthnic 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 Thomeé around 1500 { Mauny 1953).

Taro was taken from west Africa to tropical
America, probably in the early 15005, 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,

Cyrtosperma chamissonis. This aroid was
not domesticated on the continent since it is not
cultivated in India and Malaysia. Its range ¢x-
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. alara, the “greater yam,"
originated in the area occupied by Burma and
China where the rivers Irrawaddy, Salween,
and Meckong ran closely and parallel to each
other (Burkill 1951). This is a mountainous
area with alternate seasons. Two wild species,
closely allied to D. alara, and many primitive
cultivars are found here. These yams grow
large rhizomes deep in the soil 1o survive the
dry season, and this characteristic may have
attracted the attention of man since carly times.

The greater yam was taken first to the Sunda
Islands, to the east, quite possibly only as
clones with shallow-growing tubers. Many
mutants were concentrated or appeared in
these islands, differing in tuber shape and size,
and in other characteristics, and this 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,
mavbe 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 Thomé.
With the slaves, the greater yam arrived quite
early, around 1530, in the Caribbean and
Brazil, but in the New World its expansion was
checked again by the African yams.

Dioscorea esculenta, the “lesser yam,"” was
possibly domesticated in the same area as [
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 Portugucse, 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 1974h).

Dioscorea bulbifera 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).

Diascarea 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 nummudaria 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

Cordvline terminalis is found wild in South-
east Asia, Australia, and most of Oceania; a
clone with green foliage extensively planted
for the feshy roots that contain levulose
{Ezumah 1970). Curcuma augustifolia 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).
Taceca leontopetalcides is planted sporadically
from Southecast Asia, Philippines to eastern
Polynesia as a source of starch, the “Tahiti
arrowrool,” 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.
Pueraria thunbergiana (P, lobara) is cultivated
in the highlands of Papua New Guinea for its
fleshy roots, Psophocarpus tetragonalobus s
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 specics 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 arca
and production, These far eastern species in-
clude: 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 gquite a complex
utilization in Japan; Eleocharis dulcis, the
“water chestnut,” is assumed to be the culti-
vated form of E. tuberasa, a wild species widely
distributed in the Asiatic tropics; Sagittaria
sagirrifolia is cultivated mainly in China for its
tubers, and was introduced by the Chinese to
Palynesia and Srachys sieboldii, which is re-
ferred to in the Chinese literature of the four-
teenth 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 scc 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,
some 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, lare (Colocasia esculenta)
was the first.

Several African crops were taken to Asia by

the Malays or Indians. Among the root and
tubers, Plectrantlues 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 imporlant; cassava, sweet
potato Xanthesema, and potatoes have dras-
tically changed the agricultural systems and
food habits in west and east Africa. The
Guinean yams were taken very carly 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
vams Digscorea eayenensis and D, rotundara.
These have been considered one species with
D. rotundata as a subspecies of D. cavenensis,
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 np.
(Coursey 1976; Avensu and Coursey 1972).

Digscorea cavenensis, the “yellow yam,”
which is less important than the white yam, is a
polvploid of unknown origin, although it may
derive from D, minutiflora or 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. prachensilis (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-
desia. 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 mosl important yam.

The following yams are of lesser importance.
Dioscorea bulbifera, which was mentioned be-
fore, is found in Southeast Asia and Polynesia,
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There are differences between the Asian and
the African clones, the latter being less ad-
vanced in their domestication. Some clones do
not produce underground tubers. It grows
roughly between 10°N and to 10°8 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. Diescorea dumetorum is
cultivated particularly in the border of the yel-
low yam plots, and is found wild through
Africa from 15°N to 15°S (Ayensu and Cour-
sey 1972). Other species cultivated are D.
abyssinica, D. colocasiifolia, D. hirtiflora, D.
prachensilis, D. guartininiana, 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 {Labiatac) 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. rotundifolius, C. coppini, Plectran-
thus tuberosus, P. ternarus), the “Hausa po-
tato” is cultivated in west and central Africa to
Transvaal and Madagascar. The plant pro-
duces spheric to ovoid tubers, dark red and
white. 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. retragonolobus,
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

found from tropical Africa to Papua New
Guinea.

Sphenostylis stenocarpa, one of the “yam
beans,” of African origin possibly from
Ethiopia, is cultivated in cast 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 Sencgal to
East Africa and also in Southcast 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 source of starch,

Tropical America

The three most important root and tuber
crops — potatoes, cassava, sweet potato —
come from Tropical America, Other crops, like
Xanthosoma, are of high potential value 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 (Tropaeclum tu-
beroswem), ulluco (Ulluecus tuberosum), and
maca {Lepidinm meveni) 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
clevations (1000=2500 m), arracacha (Arra-
cacia xanthoerrhiza) and yacon (Polymnia
sanchifolia). In the Andes, other root and
tuber crops were early introduced from lower
areas and became an important part of the
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 Xanthosoma spp., arrowroot
{Maranta arundinacea), lairen (Calathea al-
lowia), 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 ¢ven 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-
elus), Tigridia pavenia, and Dahlia spp. The
last two species are now grown as ornamentals
but were once used for their corms and fleshy
roots respectively. Sechium edule is planted for
its fruit though it also yields edible roots. The
early introduction of cassava and sweet potato
to Middle America probably prevented the
domestication and expansion of the local tuber
crops.

Cassava

Cassava (Manihot esculenta), known only
under cultivation, is a complex of clones show-
ing the widest morphological diversity in the
Paraguay — South Brazil area. 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 (sweel 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
Venczuela assumed to be used for grinding
cassava rools, is notl 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 early 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 Petén. 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
Barré and Thevet is dated 1558 (Mauny 1953).
Further spread inside Africa was determined
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 favourcd by the resistance
of cassava to locusts (Jones 1959),

Cassava was introduced to India and South-
cast Asia late in the nineteenth century.

Sweel potato

Sweet potato (Ipomoea 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 10000 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 carly
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 Thome 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 Jost 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 35°N.

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

Tubers of the high Andes

A group of tuber crops was domesticated
in the high Andes, above 3000 m, where they
are now intenscly cultivated { Léon 1964 ), The
maost important are the potatoes, which at pres-
ent are considered as one species, Solanum
tuberosum, including: (i) two tetraploid groups,
Tuberosum and Andigena; (ii) a triploid.
Chauecha; (iii) two diploids, Phurefa and
Stenotomum; (iv) two intersperific hybrids, x
juzepozukii, triploid, a cross between 5. ruber-
osum ¥ 8. acaule, and % curtilobum, resulting
from §. tuberosum ¥ juzepozukii (Ugent
1970).

In spite of its importance, very little is
known on the domestication and ecarly dis-
persal of the cultivated potato, but the com-
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: Qxalis tuberosa, or “0Oca”, 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 “chuiio.” 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
“vam." 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. Tropacolum tuberosum
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
eves 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, Lepidivm meveni 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: Arracacia xanthorrhiza. “Arra-
cacha" is especially important in Venezuela and
Colombia; no wild types are known and it
scems to be of ancient cultivation. Several
clones are known to differ in shape and size of
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the roots, foliage, colour, ete. It has been in-
troduced into Middle America, Brazil, East
Africa, India; Canna edulis is possibly native
to the eastern part of the Andes, and was
brought to the coast of Peru where it has been
cultivated since 4000 BP; diploid and triploid
types are known (Mukherjee and Khoshoo
1971); cultivated in Australia {“Queensland
arrowroot™), Hawaii, India, Polynesia; Po-
Ivmmnia 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; Pachyrrizus sp. are ancient erops in the
Andes, probably introduced from the Ama-
zonian lowlands,

Minor tropical American
rool and tuber crops

The West Indian yam ( Dioscorea trifida) is
the only species of the genus domesticated in
the American tropics, although other species
are gathered, particularly in Brazil. The species
has the highest diversity in the area between the
Guianas and Brazil and selected types arc
planted in the Antilles. Its domestication was,
of course, independent of the Asiatic and
African yams ( Alexander and Coursey 1969).

Arrowroot  (Maranta arundinacea) was,
around the middle of the eighteenth century,
used mainly to cure the wounds from poisoned
arrows, and also started to be used in the
Antilles as a source of starch (the “St. Vincent
arrowrool” — Stutervant 1969).

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

Several species of jicamas (Pachyrrhizusspp.)
are cultivated in South America, and are par-
ticularly important in Mexico and Central
America. From Mexico the plants went, by the
Acapuleo-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.

Conclusion
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 oulstanding research
in sweet potatoes has established the possible
transition stage of the wild diploids to a com-
plex hexaploid, and has recognized wild popu-
lations which may have had a role in the de-
velopment of the crop. But in sweet potato, and
even in the common potato, there is an appall-
ing ignorance as to how domestication traits
occurred. Today there are increasing doubts
among anthropologists and bolanists 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 discases and pests, such as
the attack of cassava viruses in Africa.

Roots and tubers are ancient crops and
primitive man independently domesticated
species of the same genus ( Dioscorea) or of
allied species (Colocasia and Xanthosoma,
Pachyrrhyzus and Pueraria) in different parts
of the world and at different times. Many of
these crops, due to physiological constraints or
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.

Rool 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 sced 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’

Cyriespermea chamissonis (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 MNew Guinea, and some Pacific Islands, but a major crop on coral atolls and low
islands of the Pacific. A hydrophyte, and cxiremely 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 hectare
per year have been produced. There is a great need to collect and evaluate cultivars now
in use for salinity and fooding limits, short crop duration, superior food value and
acceptance, and other factors, before they are lost through neglect.

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

150il and Water Management Division, Office
Agency for International Development, Washing-
College of Tropical Agriculture, University of
of Agriculture, Technical Assistance Bureau,
ton, D.C, USA 20523. (Permanent address:
Hawaii, Honolulu, Hawaii, USA 96822).

benefited from this new emphasis on in-
digenous staple foods.

Some roots crops, however, are so poorly
known or understood that they continue to be
neglected. Cyrrosperma chamissonis (Schott)
Merr., commonly called giant swamp taro, is
such a crop. The only cultivated member (if
€. merkusii is a separate species, then there are
two cultivated species) of a pantropic genus of
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Araceae found in Africa, Asia, and America,
Cyriosperma is 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
maost 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, Cvrtasperma 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 chamissonis Schott, and
Lasia merkusii Hassk. ( Barrau, 1957, 1959).
It is often confused with Alecasia, and has
sometimes even been confused with Xanthe-
S,

Cyrtosperma chamissonis is a giant peren-
nial herb (Fig. 1), ranging from | 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.

Cyrtosperma is primarily a tropical plant, its
limits as a crop being about 18*N (Mariana
Islands) to 20°S {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 reguires abundant
water, bul can grow under moderate rainfall in
deep 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 s0; however, it is in the low swamps that the
crop is most important, for its relatives —
Colocasia, Xanthesoma, and Alocasia — are
more successful as rainfed upland crops.

Cyrtosperma can withstand flooded condi-
tions unsuitable for other food crops and grows
better under continuous flooding than most
varieties of Colocasia or rice, Additionally, it
tolerates brackish water, although it is not
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Fig. I. Farmers and a Cyrtosperma chamissonis
plant on Yap Island in the Pacific; in the centre of
the picture are setfs or cultings of Cyriosperma
{right) and Colocasia (lefr) which have been pre-
pared for planting. The cylindrical corm, large
petioles, and characteristic hastate-sagittate leaves
of Cyriosperma are clearly illustrated (Phosograpl
courtesy of Edward De la 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 Cyrio-
sperma s 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
difficult conditions prevailing there. Here the
soils, if any, are shallow and consist mostly of
sand or partially decomposed coral rock. To
create a suitable environment, the people dig
pits or trenches down through the coral to the
freshwater lens. They haul in soil, sand, and
compost — coconut  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
humus about two to four feet in depth with
slow running irrigation water.”

Planting

Cyriosperma 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 em or so in diameter.
Larger setts are considered stronger and more
vigorous.

Cyrtosperma can be planted year-round,
provided that satisfactory growing conditions
prevail. Planting is done by hand, by inserting
the setts or suckers into the soft mud of the
swamps. Planting depth 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 em to as much as | m
deep. After emplacing the setts or suckers in
the furrows, the furrows are partially filled
with soil to the desired depth for the planting
material used.

Spacing

Growing conditions and cultivar size
greatly influence the plant spacings that are
used. Cyrtosperma is a large plant, and it re-
quires a fairly large area in which to grow.
Alse, because the crop may require from 2 to 6
vears to mature, two or three crops of Colo-
casia are often intercropped with Cyrrosperma
while the latter crop is growing.

Spacings vary; from 1.2 x 1.2 m (Palau);
0.4-0.6 % 1-1.3 m (Ponape district atolls);
1 % 1=1.1 m (Truk); 0.6 % 1 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 Nufritional 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 escwlenta and Cyrtosperma clamissonis
(Murai et al. 1958).

Mutritional factor Colorasia Cyriosperm
Calories 153 131
Protein (g) 1 09
Carbohydrate (g) 37 3
Calcium (mg) 26 334
Phosphorus (mg) 51 56

Iron {mg) 1.0 1.2
Thiamine (mg) 0092 0.045
Riboflavin (mg) 0.030 0074
Niacin (mg) 0.85 0.88

Cyrtosperma, 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 |
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 carly as 6 to 12 months after
planting.

Harvesting

Cyrtosperma is hand harvested, Corms vary
greatly in size, from an average 2 kg in Truk
and 4.5 kg in Yap, to as high as 20-50 kg or
more for the longer-lived giant types. The
largest corm recorded appears to be one in
Ponape that weighed about 180 kg, and that
required 12 men to lift the whole plant from a
swamp (Ponape Agriculture Demonstration
Station 1950).

Recorded yields in various arcas 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 (unspecified
crop periods); and Micronesia, 13.4-16.8
metric tons/ha/year (Sproat 1968).

Pests and Diseases
Cyriosperma is reputed to be practically free

of insect and discase 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

Cyriosperma is grown mainly for its starchy
corms, which are prepared 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 la Cruz (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 and Cyrtosperma are about equal
in carbohydrates and calories, although Cyrro-
sperma has about twice as much fiber as Cole-
casia (Murai et al. 1958). Table 1 contrasts the
relative nutritional value of Ceolocasia and
Cyrtosperma.

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

This paper is published with the approval of
the Director of the Hawaii Agricultural Experi-
ment Station as Journal Series Mo, 2029,
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A Review of Sexual Propagation for Yam Improvement
Sidki Sadik’

The development of methods 1o germinate secds now make it possible to improve
white yam (Dioscorea rorundata) through sexual propagation. Previous difficulties in
seed germination resulted from the failure to recognize a 3-4 month dormancy period,
and because many seeds lack well developed embryvo and endosperm. At the end of
dormancy, sceds germinate in 3 weeks, Since 1973, about 40 000 genotypes have been

produced through sexual propagation. This provides a wide range of genetic diversity
to improve yam by selection for desirable characteristics,

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

nternational Institute of Tropical Agriculture,
P.M.B. 5320, Ibadan, Nigeria.

and continuous vegetative propagation. Yam
breeders have long recognized this limitation
and its adverse effect on yam improvement. As
a result, all improvement ¢fforts have been de-
voted to selection ameng 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 [ITA 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 wvepetative 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. alara Nowers, 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, lowers occasionally,
but produces only male flowers. D. dumetorum
produces both male and female plants and
abundant fruiting, however seed germination is
yet unknown and requires investigation. D,
bulbifera and D. trifida Nower profusely and
produce viable seed (Henry 1967),

Pollination, fertilization, 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 demtipes (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 planis with greater genetic
diversity were only partially successful and
were abandoned because of the common be-
lief that the seeds were not viable. Such belief
almost became accepted as fact and researchers
were discouraged from pursuing further re-
search on seed germination after the work of
Wailt in 1959,

Sinee 1973, however, Sadik and Okercke
(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 Okercke (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
maonths 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 1. Fruit and seed production of . rotwndata plants,

Estimated
Mumber of Fruit per  number of
Family plants plant seeds®
1974 Harpest
lhobia 13 40 2068
Boki 140 180 100632
Mixed 66 127 313636
Tatal 219 156 136336
1975 Harcest
Umidike 143 168 210664
Boki 71 207 SE900
Iwo 147 167 97908
Mixed 45 140 25148
Thobia 7 81 2264
lhobia (Veg.) 93 44 16324
Toral 506 03 411208

SBased on 4 seeds per fruit.

release seeds. Sceds are dewinged and stored
at room temperature until the end of dor-
mancy. Seeds are then lightly and uniformly
coated with a suitable fungicide and germi-
nated on water-soaked filter paper in Petri
dishes. Seed dewinging is not necessary, but re-
duces the amount of planting space needed in
Petri dishes and prevents browning of filter
paper during germination. Germination usu-
ally starts after 3 weeks and continues for
5 weeks. Germinated seeds are transplanted to
peat pots following the appearance of the first
leaf and grown until 2-3 leaves develop before
they are transplanted in the field.

This methed can be simplified by sowing
seeds directly in peat pots or in germination
boxes filled with soil-mix rich in organic matter.
Seedlings established in this way can be trans-
planted later in the field.

Where laboratory and greenhouse facilities
are not available, seeds can be planted directly
in elevated sced beds, The seed bed should be
protected from heavy rains by a 1 m high
bamboo canopy covered with palm leaves.
Seeds are planted densely in rows 10 em apart
and lightly mulched to avoid soil crusting
Seedlings are later thinned to 5 cm spacing be-
tween plants. Sufficient planting material for
one hectare of land can be produced from a
100 m*® area.

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

It is important to treat seeds with a suitable
fungicide before planting. Six disinfectants
{Demosan, Demosan T, Vitavax, Argosan,
Arasan, and calcium hypochlorite) were
evaluated by Sadik (1975) to find a suitable
chemical for treating seeds before planting. All
chemicals other than calcium hypochlorite in-
hibited seed germination, A 10% w,/v calcium
hypochlorite solution produced 85% germina-
tion with only 5% rot (root and shoot develop-
ment in the seedlings was good). Agrosan, a
systemic fungicide prevented seed rotting and
germination as well. The most effective
method is to soak seeds for 20 minutes in cal-
cium hypochlorite solution. However, because
wet seeds are difficult to work with, fungicides
that can be applied in powder form are pref-
erable and require further investigations.

Flowering

A low degree of flowering (47% ) and a high
male-to-female ratio (32/15) characterize
plants produced through continuous vegetative
propagation. In contrast, second-generation
plants produced from seed are characterized
by a higher degree of lowering (80% ) and a
lower male-to-female ratio (41/35). Whereas
plants produced through continuous vegetative
propagation are normally dioecious, lines
originating from seed produce a Jarge num-
ber of monoecious plants (4% ), which are a
useful addition to any yam breeding program.
There is also an increase in the number of
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 fowers is the common
maximum on vegetatively propagated plants.

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

Fruit and Seed Production

The formation, development, and retention
of fruits on vegetatively propagated female

MNumber of
Canopy plants Percentage
High vigour 4685 325
Medium vigour 2909 0.1
Low vigour 6235 432
Dwarf 586 4.1
Semidwarl 13 0.1
Toral 14428 100.0

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 1).

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 1o 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
genelic variabilities observed are as follows:

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

for almost 209 of production inputs. The ad-
vantage of selecting short and sturdy yam
plants that do not require support is obvious,
As a resull 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 Aowering, 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
ambicnt 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  cspecially, 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-
tatively and qualitatively, methods for inducing
flowering in nonflowering plants and species
must be found before the genectic 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 rescarch workers.
Germ plasm can be conserved and exchanged
through seeds that are less bulky, not restricted
by guarantine 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

IMayaguez Institute of Tropical Agriculture, Box 70, Mayaguez, Puerto Rico.
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determined, and the nature of the vellow pigments and the bitter substances was elucidated.
Taxonomic relations were clarified by numerical computerized techniques. Dioscorea
alera was judged the most flexible and wseful species, and 17 selected varicties were
obtained. Dioscorea esculenta was found to be much more variable than expected, and 8
varieties were selected for their high potential. On the other hand, persistent problems with
viruses prevented the distribution of Dioscorea rotundata = D, cayenensis. 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. MNever-
theless, distribution has been accomplished
haphazardly. The cultivars present in any
particular region are often inferior to the
better ones known elsewhere. Furthermore, the
introduction of belter 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 casily 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 varicty.
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 FAOQ, 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 Puerte Rico, newly introduced varicties
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. alata

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 varicties are unreliable
due to their susceplibility to Celleotrichum,
Cercosporum, and other foliar diseases. D.
alara 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 scason 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 aboul the same time, with no
more than a month of difference between the
earliest and the latest varieties. [ 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 wvarieties 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 varicties we
collected were used for this study, and 100
characteristics were noted. It was possible Lo
classify varieties into 13 groups that were de-
fined on the basis of character means. These
groups were related to, but not identical with,
certain geographical arcas. Based on the
amount and nature of variation seen, we con-
cluded that Papua New Guinea was a centre of
variation, and possibly the centre of origin of
the species. The sympatric species Dioscorea
nummularia resembles some 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 discases 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 are desirable. The parenchyma storage flesh
should be white or cream coloured, and 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 wvary, but the better

varieties gencrally reach this stage rapidly. The
cooking water should remain free of gray or
pink pigments. The flesh of the boiled tober
may be white, cream, or light yellow, appe-
lizing in appearance, and free from pgray
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. I believe that some of these will
replace traditional varietics 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 — . 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 Jocal varicties 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
vears become almost symptom-free. Constant
vigilance appears necessary to mainiain 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 1
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.
Dwring the 2 years of rogueing, the majority of
the varieties were climinated. 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 cultivars using the technigues 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. cavenensis and D.
rotundata reflect 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. alara is better adapted and more
reliable. But in West Africa even the best D,
alata varieties may not be competitive with the
African cultivars, In most parts of the world,
these African yvams have never had a real try.
It appears to us that the breakthrough in seed
production achieved at IITA 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 varicties for local
adaptation, Seedlings that we have established
from seeds sent to us by Sadik may not be

fully evaluated before our program terminates.
Mevertheless, 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.
Mevertheless, 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 st the household
level and are casy to handle if replanted. Some
varieties, if handled carefully, store well.
Furthermore, D. esculenta is probably more
resistant to viruses than even D. alata. The
chief disadvantage with respect to D. esculenta
is that the growing scason is long, almost 12
months. 1 believe that it might be possible to
plant and harvest D. esculenta at any time of
the year in some regions near the equator.
Mevertheless, D. esculenra 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 18°N in Puerto Rico, The wide varia-
tion among cultivars of D. esculenta has never
been described, but has at least been hinted at,
in the literature. Varicties from Papua New
Guinea, the presumed centre of origin, have
been carried 1o 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
rools 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 specics D. alata
and D. ratundata, The amylose content of the
starch is low, and the protein content of the
tuber is extremely high in some cultivars.

D eseulenta 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 bulhifera, 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 dumetorum,
about 12 collections. This is sometimes poison-
ous, and the tuber is very irregular; Dioscorea
aummularia and D. pentaphylla. Tubers are
large, irregular, sometimes multiple, and cook-
ing characteristics are below par; and Diosco-
req trifida, which is very susceptible to viruses,
Yields decline rapidly when the virus appears.

Literature Produced

As part of the research and development
program 37 manuscripls were prepared for
publication, and a few more are planned. The
titles of these manuscripts are appended to this
paper. Perhaps the major task was a review of
modern production techniques, followed by
detailed handbooks on the principal species.
Within-species taxonomic relationships were
studied in the case of the principal species.
Mutritive 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,
and how it affects storage life; the extension of
storage life with chemical treatment; and the
stimulation of sprouting, To develop standards
of sclection, 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-
vary or February, Shipments are furnished
with phytosanitary certificates. Nevertheless,
we recommend that tubers we distribute be
quarantined for a year until shown 1o be
disease and insect free.
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Adaptation of Cultivated Potatoes to the Lowland Tropics
H. A. Mendoza'

An initial group of 6000 potato clones from various taxonomic groups was screened
for adaptation to high temperatures and humidity at a high jungle site. Of these, 34
tetraploid clones were sclected for further testing under three tropical environments in
Peru. 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 ruberosum > neo-
tuberosum and fuberosim % phureja, was remarkable given the short growing season and
the stress imposed not only by the weather but also by weeds, insects, and diseases, The
greater genetic diversity of the inter-group hybrids gave the genotypes a greater ability
to adapt to conditions of stress than the intra-group hybrids. The results indicate that there
is a genetic potential to adapt potatocs to high temperatures, and that for the first time
it may be possible to economically grow potatoes in the Jowland 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 mediom temper-
atures and long photoperiods during the grow-
ing season use cultivars from the ruberosum
group, whereas countries with low latitudes,
high elevations, and cool temperatures use cul-
tivars from the group andigenum, some tubero-
sum ¥ andigenum hybrids, and to a lesser
extent cultivars from other taxonomic groups.

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

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

1Breeding and Genetics Depariment, 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 maore
emphasis during early stages of sclection 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-
lercrosses 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 later
at Yurimaguas. The taxonomic groups in the
pedigrees of the clones utilized in the experi-
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Table 1. Yields of representative clones.

Yield for 10 plants (kg)

Taxonomic —
Clone group San Ramon  La Molina  Yurimaguas
N365.1 (T % NT) 14.4 6.4 50
N574.1 (T X NT) 14.1 9.0 21
DTO-28 (TP 13.6 10.1 5.3
DTO-2 (TP 11.8 10.7 29
DTO-33 (TXP) 11.6 10.0 18
NS570.5 (T % NT) 11.3 44 1.4
Urgenta (TxT 10,8 B8 1.5
NS503.162 (NT % NT) 10.7 85 1.2
M513.3 [(NT = WT) 10.2 59 0.7
N353 (NT x NT) 9.1 18 1.1
ONA (TxT) 6.7 8.6 1.2
Arran Pilot TxT 6.3 18 1.5
Mariva (T x A) 4.6 25 0.1
Revolucion (T X A) 4.0 3.0 0.8
Imi Sipa (A A) 3.6 25 0.02
Mean* 8.2 6.8 1.7
20 23 0.8

L5Dy g5

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

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

Photoperiod

The latitude of the testing sites (&, 11, and
12* for Yurimaguas, San Ramon, and La
Molina, respectively) is fairly close. Daylength

at San Ramon and La Molina was the same,
whereas at Yurimaguas it was about 20 minutes
less. The genetic background of all the clones
used in this work, except one, was day neutral
or hybrids between day neutral x short day
types. Any tuber-inducing 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 Malina, the principal problem was the
attack by tuber moths, Screbipalpula absoluta
and Pthorimaea operculelfa, which caused con-
siderable 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 Rhizectonia 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 (Empoasca spp.) was recorded and
isolated plants were affected by Psewdomonas
solanaccarnm. The major disease problem
was Barryiis sp. which affected the plants at an
carly stage of growth and killed many of them.
Diiferences in susceptibility were noticeable.
Foliage of the most severcly 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 growing period. The reason could
be that the high temperature limits the survival
of the fungus, Later experiments were also free
from attack by P. infestans.

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 lemperate polatoes
can do remarkably well in the subtropics and
tropics at medium altitudes. The data in Table
1 support his statement. In fact, the three
tuberosum cultivars at San Ramon and La
Molina yielded significantly hetter 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, tuberosum 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 be beyond the threshold of adapta-
tion for them.

The NT » 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 neo-tubeérosim material
may be more responsive than ruberosum be-
cause it has a broader genetic base (Mendoza
and Haynes 1974a).

The performance of some of the “wider”
hybrids, T x NTand T % 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 yicld 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 fuberosum cultivar that provides ear-
liness and relative heat tolerance. To obtain
highly heterotic hybrids a neo-ruberosum or a
phurejo—stenotomum hybrid that produces 2n
gametes by first division restitution {Mok and
Peloguin 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
some 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 discase 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 sweel polato variety and various brecding materials that include germ plasm of
wild Ipomoea suggest that the wild species have much to offer sweel 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 sweel potato breeding, a flower
induction technigque, self- and cross-compatibility test, and species hybridization with
sweel 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 are
limited and breeding procedures remain un-
changed. Sweet potato breeding in Japan
reached this stage. About 95% of the total
area planted in sweel potato were local varie-
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 MNMational Agricultural Experiment
Station, 1340, Jitcho, Ibusuki, Kagoshima, 891-04,

Japan.

provement resulted from the development of
“Koganesengan™ in 1966, which included ex-
otic breeding materials introduced from the
LSA after 1956, Introduced varieties had per-
formed an important vole 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 cxceeding 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 (Mishiyama 1959). This
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collection was used to study sweet potato phy-
logeny and the utilization of wild plants in
sweel potato breeding. Progress in both fields
accelerated and additional collections in-
creased the number of wild plants that were
available,

Nishivama et al. (1975) reviewed phylo-
genetic studies, and Sakamota (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 attempl to demonstrate a practical
method for using these relatives in breeding.

Species Crossed with Cultivated
Sweet Potatoes

More than 200 accessions of Ipameca 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. Qur interest was di-
rected toward wild plants that could be hy-
bridized with the sweet potato directly or in-
direclly. So little rescarch had been done from
a breeding viewpoint on fpomeea, that we did
not know which species could be crossed with
cultivated sweet potatoes, In addition, species
identification was almost impossible because
species of the scction Batatas had not been
well defined taxonomically. (Hopefully, re-
classification of fpomeea will be done soon. )

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

Wild Ipomoea that showed the above char-
acteristics and could be crossed with cultivated
sweet polatoes were as follows:

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

I. lencantha Jacq. by Teramura (Teramura et
al, 1967), For a long time, we belicved 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 5. Shiotani, Mie Univer-
sity (Teramura et al, 1967), Teramura's tenta-
tive identification was lpomeoca (trifida 3X).

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

K300: The secds 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 5. 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 (2n = 4X = 60).

K123: This accession was collected in For-
tin, Mexico by Nishivama in 1955 and was
designated [, trifida (H.BK.) G. Don. K123
is hexaploid (2n = 6X = 90) and has been
considered as the direct progenitor of sweet
potato by Nishiyama (Nishivama 1961; Nishi-
yama et al. 1975). Some researchers, how-
ever, consider K123 to be a wild form of
sweet potato rather than a different species
(Jones 1967; Martin and Jones 1972; Yen
1973).

Apart from the species nomenclature, K123
has been recognized to be very 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 1. Effect of grafting on flowering of wild plant, K300 {1974)
planted on 7 July and grafted on 5 September.,

Matural condition

Grafted on morning glory

Darte Date
first Mowers  Number of first flowers  MNumber of
Plant opened flowerss opened flowers®
K 300-1 1 Nav 215 11 Oct 750
K 300-2 3 Dec 32 11 Oct 432
K300-3 15 Oct 53 20 Oct 32
K300-4 — 0 26 Oct ina
K 300-5 10 Dec 13 20 Oct 565
K 300-6 — 0 13 Oct i3l
KO 300-7 8 Nov 47 11 Oct ind

ACounting started when the first lowers 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 technigue 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: (1) Treat seeds of the dwarf type
morning glory, . mil (L.) Roth cv. Kidachi-
asagao, with sulfuric acid for 1 hour, rinse with
water overnight, and then plant in 15 cm pots;
(2) After germination, keep the pots under all-
day lighting conditions for about 1 month;
(3) When seedlings are about 40 ¢m 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 grafied plants in a
humid and sheltered place for about 1 week;
and (5) Transplant the grafted plants to 24-
cm pots and place under favourable growing
conditions. The effectiveness of this procedure
is indicated by Table 1,

Self- and Cross-Incompatibility

The wild Ipomoea that would hybridize with
the sweet potato were all self-incompatible and
several  intra-incompatible, inter-compatible
groups were recognized. Self- and cross-incom-
patibilities of the wild relatives were deter-
mined using the following staining technigue.

Crosses were made under 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
and 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 presenied 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 fpamoea 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
is necessary to check whether seeds can be pro-
duced by actual hybridization. For this pur-
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Table 2. Pollen germination® on stigma in K300, indicating self-incompatibility
and three incompatibility groups (1974).

Pollen

Stigma K006 K007 K300 K 300-2 K300-5 K300-3  K300-4
K 300-6 - — +++ ++ ++ + +
K300-7 — - 4+ ++ o+ + +
K300-1 - - - —~ 4t + +
K300-2 - — - - ot - ++
K300-5 R +++ - - - - -
K.300-3 + 4 4+t +++ bt - — —
K300-4 +++ +++ +++ +++ - - -

8 Five stigmas per one crossing were observed, Over 50 pollen grains were put on each stigma. Symbols in the
table: 44+ more than 10 pollen grains germinated per stigma with four or five stigmas; 44 6-9 pollen grains
germinated ; =+ 1-5 pollen grains; + very rarely 1-3 pollen grains; — no pollen germinated.

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

Determined groups

in sweet potato®

Undetermined groups
in sweel polato

Plants Number
Accession  lested ABCDEFGHI JKLMN 123456789 of groups
Sweet
potatc =100 0000000000 O0QO00O0 14
Kinl N 000XO0O0O0O0 00 10
K233 7 XX0XXO0 0 X a0 5
K300 7T XXX 00 X 2
Kz 8 XXO0OXX 00 3
K221 5 XXO0XX X oo 3

*Incompatibility was determined by pollen germination on stigma.
40 = incompatible 1o sweet potatoes in each group; X = compatible.
Three incompatibility groups were classified in K300 (see Table 2), but two groups merged when tested with

sweel potatoes.

pose, we crossed at least 25 flowers for each
mating combination. Apomixis and seed abor-
tion are other problems. It is necessary to
measure F; plants morphologically to confirm
hybrid identities. Maximum seed set percent-
ages oblained between wild lpomoea and sweet
potato are given in Fig. 1. With the exception
of K123, higher seed set (% ) was obtained
when the wild plants were used as male par-
ents.

Useful Genes in Wild Species

We do not know how many genetic factors
control yicld in sweet potatoes, but the devel-
opment of “Minamiyutaka” indicates that we
can use genes from wild plants for yield im-
pm\'em:nt.

Wild plants can provide genetic resources
for disease resistance and insect tolerance. For
instance, K123 is resistant to the root lesion
nematode and the root knot nematode, which

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

Gene Introducing System

The genetic resources of sweet potato in-
clude all materials available through hybridiza-
tion, but we do not vet know the most effective
way to obtain useful gene(s) from wild plants.
In any system, back crossing would be effective
in the later part of the breeding program; the
recurrent parents in back crossing should be
different varieties of sweet potatoes. From our
experience, the following methods are prac-
tical.
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Fig. 1. Maximum seed set (%), from figures
obtained between 1958 and 1975, in crossing of
wild species and sweel potatoes. Arrows point
from male o female in crasses. Asterisk indicates
thar female was Kyushu 38, 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 Fy's
between K222 (2n = 45) and sweet potato
(2n = 90) were found to be hexaploids
{2n = 90). Thus, it is possible to obtain F,’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 potalo improvement,
are:

(n
(2)

(3
(4)

Diploid £ Tetraploid, Tetraploid x Di-

ploid £ Hexaploid

Tetraploid £+ Octaploid % Tetraploid —

Hexaploid

Diploid x Tetraploid £ Hexaploid

Triploid % Triploid —» Hexaploid (in the

case of outcrossing of K222

L, : Doubled chromosome using colchi-
cine solutions,

—3 : Doubled chromosome by natural un-
reduced gametes,

In our crossing experiments, seed set per-
centages from crosses between wild plants and
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sweet potatoes were higher when the synthe-
sized hexaploids were used as female parents.

Use of Heteroploidy

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

Use of Lower Ploidy

Tetraploids with 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 1o
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’

Yam models are described, giving several required characteristics for clonal cultiva-
tion of Dicscorea alata, D. cavenensis, and D. rrifida. Intraclonal selection is possible
because of tuber internal heterogeneity, clonal population diversity, and time dispersed
production and germination of individual plant bulbil, A kind of “somatic drift”™ is

observed.

Several aspects of determinism of tuberization and flowering are cited, and day/night
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,
tuberization, flowering, and sex contrel is discussed, In addition, the genetic analysis of
characteristics, and different cultivation systems are examined.

Yam improvement has normally been based
on the introduction of clonal cultivars selected
from traditional populations, Use of the sexual
system for food yams has been attempted; how-
ever, it is among pharmaceutic 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
Guadeloupe (Degras 1969), and it is now
spreading through an inter-Caribbean selection
on behall of the ISTRC-CFCS yam study
group. The largest food yam breeding poten-
tial now comes from IITA where, since 1970,
Sadik and Okereke (1975) have developed
the sexual utilization of D. cayenensis ssp.
rotundata, and tested a large amount of sceds
throughout the tropics.

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

Yam Models in Current Clonal
Cultivation

At the present time, all cultivated yams are
clonally propagated. The characteristics of D.
alata, D. cavenensis, and D. trifida in the
French West Indies are as follows: D alata —
(1) high cooking quality (white flesh), (2)
long storage without loss of weight, {(3) re-
sistant to anthracnosis and viruses, (4) resistant
to water stress, (5) high vield with medium
and regular size tubers (other characteristics

IPlant Breeder, Institut national de la recherche
agronomique (INRA), Centre des Antilles et de
la Guyane, Domaine Duclos, Prise d'eau, Petit
Bourg. France.

existing widely in the species are: good
dormancy, resistance to Penicillium oxalicum,
germination in dry conditions, and good yield
without staking); D. cayenensis ssp. rotundata
— {1} fair tuber maturity long before foliage
decay, (2) good tuber regrowth after com-
mercial harvest, (3) high cooking quality
(whitish flesh), (4) year-round tuber develop-
ment, (5) medium storage duration of com-
mercial harvest, (6) prickless roots, (7) high
early vield; D. trifida — (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,
Penicillivm oxalicum, nematodes, and mealy
bugs, (6) spheroidal tuber shape, (7) resistant
or tolerant to drought.

Intraclonal Selection

Variation within a clone exists. Heads,
middles, and tails from the same tuber differ
in earliness of germination, yield, and number
of stems or tubers produced. In addition,
normal bud 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 sccond
generations of two D, rifida clones obtlained
from different parts of a tuber of 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 up to 1 month.

We do not know the level of genctic homo-
geneity of traditional cultivars, but some may
include mutational variations. Off-types are
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Table 1. Agronomic variability from D. cayenenis cultivar Krenglé intraclonal tuber selection,

Tuber shape Plant size Growth Tubers Mean tuber
(seed tuber) {200 days) duration® Yield® harvested® weight®
Cylindrical® 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

Satistical significance has been found for shape » seed tuber weight interaction in cycle duration.

bSignificative differences p =005,

eCylindrical data are taken as basis = 100 for cach trait.

normally easily recognizable when cultivated
with cultivars: cultivar individuality is a fact.
Mevertheless, in the well known cultivar D.
cayenensis ssp. rotiundata “Krenglé,” in central
Ivory Coast, a number of tuber forms could be
separated. When cultivated separately they
have distinct performances (Table 1).

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

These examples show that a form of
“somatic drift” of clonal expression of a yam
genotype could proceed from conscious suc-
cessive sclection 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 * 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
carlier flowering for a number of seedlings
under short days.

High light intensity is necessary 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. alara 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. cayvenensis in-
creased the tuber yield and the percentage of
plants that flower. In D. alara, stem fasciations,
which may be considered in some cultivars
from central Ivory Coast as a substitute for
Mowering, 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. rrifida seedlings when com-
pared to the second cyele. 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-
fera (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. cavenensis
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

Theugh dioecism 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.
cayenensis 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 et 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 tetraploid
species could be XXXY, XXYY, or XYYY.
The latter is lethal or only gives males.

In D. trifida, 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. De-
gras et al. (1973) observed an increase of
female plants when flowering was increased.
In D. rrifida seedlings a 3/1 male/ female ratio,
which in the case of predominant tetraploidy,
could result from a XXYY male. In D. cay-

enensis spp. rofundata, 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 Aowering 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.

Te obtain high levels of yam crossing the
following are recommended: (1) a high level
of vegetative growth, which is necessary for
full female expression; (2) several planiations
of both parents for simultancous fowering;
and (3) common staking of male and female
inflorescences so that flowers are close (pollen
is sticky and wind dispersal poor).

MNew research could lead to a belter 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 to this 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 Euphorbiaceae (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 we have
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 difficult 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.

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 0. rrifida (C.C.V. % INRA).

Skin colours
Deep Light
Flesh colours purple Purple purple White
Deep purple i3 1.6 — =
Purple — 29 1800 —
Light purple —_ i3 180 =
Very light purple - 1.6 i3 —_
White — 1.6 6.6  19.6"

AC.C. Violette type.
BINRA 40 1ype.

as follows: less than 10 em 32.2%; 10-15 cm
26.2%; 15-20 cm 20.8%; and more than 20
cm 20.8% . Long stolons appear dominant over
short ones. Here also a transgression beyond
parent limits is observed. It seems that for most
characteristics, in accordance with the general
high level of polyploidy in cultivated yams,
multiple 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 attempis 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. rrifida 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. cavenensis occurred in
1955 at Bouaké (Ivory Coast) where Franck
harvested 3020 seeds from cultivar *Assaoua”
and obtained 48 seedlings, Only 13 clones were
retained. We studied them from 1956-58, and
selected from them Assaoua B9 (Van de Venne
1973, personal communication).

Among many selection criteria we noticed,
at the first clonal cycle, the value of flowering,
sex expression, and phyllotaxy, Nonflowering
plants produced 668 g, monoic 770 g, and fe-
male 1135 g (mean tuber weight). Leaf and
branch balance on successive nodes gave a yield
of 1000 g (worst balanced system) to 3000 g
{best balanced systems). A relation between

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

Seed germination and many aspects of the
two first progeny growing cycles of D. 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 (Penicillium rot, viruses) and
pests { mealy bugs, nematodes) are still lacking
in our hybrids. Special genctic searches are
projected in the Guyanas.

New Horizons

MNow that the feasibility of genetic improve-
ment of vams is well established, we can ex-
amine some new cultivation systems.

First, more intensive cropping will proceed
from the following genetic modifications: (1)
greater efficiency in translocation of assimilates
to the tuber, including limitation of stem de-
velopment, shortening of the prebulking tuber
phase, and faster tuber maturation; (2) 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 gquite 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: (1) the tubers from the seedling
may be used as propagating material for com-
mercial production; and (2) the seedling cycle
must give good tuber yields and hence breeding
selection will change from clonal to seedling
performance. In both cases a relative genetic
homogeneity is wanted in the progeny. Both
parents, or at least one of them, should be built
through successive brother > sister crossings
in order to reach some level of homozigosity
for main characteristics.

Avyensu, E. 5. Anaromy of the monocotvledons.
Vi, Doscoreales, Metcalfe, C. R. (ed.), Claren-
don Press, Oxford, 1972, 182 p.
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Sweet Potato Clones Adapted for Libyan Agriculture
Warid A. Warid, Boleid W. Dahmani, and Mosbah M. Kushad'

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 vield was Mabrooka,
and the least variable was Kahera Hybrid. Within a given clone, the vield 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 vield in
two clones, and between number of roots and vield in all clones.

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

1Department of Plant Production, College of
Agriculture, University of Tripoli, Tripoli, Libya.

marketable roots. Perennial plots were estab-
lished for promising clones to obtain stem
cuttings for use as planting material in clonal
evaluation tests,

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

Materials and Methods

A total of five experiments were conducted
from 1971 to 1973 at the University of Tripoli.
The soil was a sandy loam (pH 7.5-8.5). Stem
cuttings, 20-25 cm long, were planted 30 cm
apart in rows 60 em wide. The experimental
plot unit varied from 2 to 8 m* (excluding
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
after planting, and 1 month later as a side
dressing.

Clonal Productivity

Four clones, namely, Yabany from Japan,
America from the U.S., and Kahera Hybrid
and Mabrooka from Egypt were tested in a
randomized block design. The test in 1971 was
conducted at 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 donc 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 em, 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, | 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
scveral days. The dry matter content was the
dry weight calculated as a percentage of the
original weight of the portion used. The test
was repeated 20 days later. Cooked and baked
roots of the tested clones were described for
flesh colour, texture, and general acceptability.

Correlation Between Characters

American, Kahera Hybrid, and Mabrooka
clones tested in 1973 were harvested after 27
weeks. A 30-plant sample for cach 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 (r?) 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 a single
plant basis within each of the three tested
clones.

Results and Discussion

Clonal Productivity

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

The fluctuation of vield 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 be achieved through a combined an-
alysis of yields over several, perhaps 5 or more,
years.

Meither the number of enlarged roots nor
their weight was significantly affected by the
interaction between clones, planting dates, and
harvest periods, The two tested clones, namely
Mabrooka and Yabany, differed with respect
to both number and weight of enlarged roots. A
greater number and a higher weight of roots
were produced by Mabrooka. The average yield
was 30.8 and 2.8 t/ha in Mabrooka and
Yabany clones, respectively. The weight of
roots was more variable than their number. It
was generally observed that the vegetative
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Table 1. Mean dry matter content, colour of skin, and flesh colour and texture of
enlarged roots of different clones (University of Tripali 1973).

Dry matter® Colour Flesh
Clones (%) Skin Flesh texture®
American 234 light tan dark orange soft
Kahera Hybrid 227 copper red light orange soft
Mabrooka 23 copper red creamy while firm

S Coefficient of variation 3.27,
bTexture 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 1). Clone Amer-
ican possessed a higher dry matter than cither
Kahera Hybrid or Mabrooka. A report from
Nigeria (Anonymous 1973) indicated the ex-
istence of sweel potato clones having up to
45% dry matter, Results of the palatability test
for all clones, their flesh characteristics, and
yielding ability would favour their recom-
mendation to Libyan farmers. Many citizens
and students on the campus of the University
of Tripoli showed great interest in using these
sweet potatoes as food. The vield 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 vield 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
variahle clone was Mabrooka, whereas Kahera
Hybrid was the least variable. This was true for
variation in each of the three characters
studied. Values of the coefficient of variation
ranged from 47.1 to 65.1% for vine weight,
from 62.0 to 69.3% for number of enlarged
roots, and from 62.0 to 96.0% for yield, ie.

weight of enlarged roots. Within a given clone,
c.g. American or Mabrooka, the weight of
roots showed the highest degree of variability,
the weight of vine showed the 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 vield variability was not included in
the present study. Lowe and Wilson (1975a, b)
found that this contribution depended on the
relation between vield and either tubers num-
ber, mean tuber weight, or both components.
Their data showed a greater variation for the
yield of marketable tubers, i.c. 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 vield 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 number of roots. A similarcon-
clusion was reached by Li {1965). Vine weight



PLUCKNETT: SUMMARY OF DISCUSSIONS 65

and yicld 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 2 values were
0.213 and 0.684, indicating that 21.3 and
68.4% of the variation in yield of these clones
can be ascribed to the 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
(1965), and Lowe and Wilson (1975). The
range of r values was from 0.650 to 0.705.
Values of 2 were 0.497, 0.423, and 0.438 in
American, Kahera Hybrid, and Mabrooka
clones, respectively. This indicates that from
42.3 to 49.7% of the variation in yield of the
tested clones can be attributed to the effect of
number of roots, keeping vine weight constant,
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Summary of Discussions
Origin, Dispersal, and Evolution
Rapporteur: D. Plucknett
Discussion Leaders: D. Plucknett, D. G. Coursey, and F. Martin

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 10000 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 are common. In Puerto Rico one form has given rise
to many sublypes 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. rotundara is nearly sterile but recent selection for flowering types in 1HITA 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 sweel potato origins more than any other group.
They found diploid and tetraploid plants that cross with sweet potato. Ipemoea
trifida is the only wild hexaploid plant. Dr Nishiyama believes that I. baratas came
from [. trifida.

The problem of seli-incompatibility of sweet potato presents problems. How
and from what sources did self-incompatibility in sweet potato arise? Self-incom-
patibility results from three different genes. Wild lines are not self-incompatible.
Where, then, are the wild progenitors that are perennial and have some degree of
self-incompatibility? Nishivama 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 conditions made them useful for early man who selected the
plants and devised intricate systems for growing Colecasia and Cyrtesperma,

All five main cdible genera Alocasia, Amorphaphallus, Colocasia, Cyrtosperma,
and Xanthosoma are vegelatively 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 varictics probably
arose from chance seed setting and selection by man.

The yam/aroid food crop complex was one of the carliest agricultural systems.
Magnificent stone-walled irrigated 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 that 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 Xanthosoma,
Alocasia, and Cyrtosperma, Of first priority for study is the cultivated Xanthosoma
complex.

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

In Asia, Colocasia and yams were both 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. Part of the history of dispersal of cassava is related to
the Arawak Indians who originated in Venczuela or the Guyanas and moved to
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Central America 2000 years ago and later returned to South 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 quile 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 Solanwm 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 unigue dimension to the
productivity of plants. This dimension concerns the role of the organ 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 carth's atmosphere the
flux of short wave radiation averages 2.0 cal
cm *min! on a surface normal to the sun's
rays. In the tropical regions, where solar alti-
tudes vary between 66 and 90° elevation at
solar noon, the diurnal totals of solar radiation
on a horizontal surface outside the atmosphere
range from 800 to over 900 cal em 2day!
throughout the year. With clear skies of low
humidity, up to 80% of this radiation would
be transmitted to the earth's surface. Most of
this would be direct beam radiation and onl a
relatively low fraction (perhaps 16% ) would
be received as diffuse skylight. Thus, the peak
irradiances in the tropics can be very high, ex-
ceeding 1.2 cal em *min '. Radiation levels of
this sort are observed in the desert environ-
ments of the arid subtropical regions where
irradiances of 700-800 cal cm 2day ! are com-
mon. When irrigation is possible, these regions
will support very high levels of crop produc-
tion. However, the potential receipt of solar
energy is greatly modified by atmospheric con-
ditions and high radiation levels are less com-
mon in the tropics because of cloudiness and

1Departiment of Agronomy and Range Science,
University of California, Davis, California 95616,
USA.
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humidity. Diurnal totals for solar radiation
usually fall in the range of 300-500 cal
em 2day’! of which 30-40% may be diffuse
skylight. Values of 500 or more are achieved
only during the dry season when moisture
supply may limit the extent that the plant com-
munities ¢an 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 2day™! are 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
at the earth’s surface. Net radiation is the dif-
ference between the totals of incoming and
outgoing radiant Aluxes 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
secason 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. De-
pending upon species and environment, 6-12
weeks of growth may be needed to achieve full
cover (at a leafl 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 (Solanuwm
tuberosum L.) (Moorby and Milthorpe 1975).
In contrast, sugar beet (Beta vulgaris L.)
{Loomis and Bennett 1966; Campbell and
Viets 1967), sweet potato (lpomoea 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 lecaves, 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-

encd 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 achicved 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 et al. 1967; Allen
et al. 1974; Lemeur and Blad 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. 1. With less than full cover,
plants that display their leaves horizontally in
regular arrays are found to be more efficient in
light interception and more rapid in the de-
velopment of full cover than those with in-
clined leaves distributed in clumped or random
distributions. With a full cover canopy of leaf
area index of 3, however, productivity is nearly
independent of leaf angle. With very high
foliage densitics, simulations for a wide range
oi 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 arca 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. 1 for clear skies in the
temperate zone.
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Fig. 1. (Left) Simulations with the Duncan model of crop growth rares (C) for communities of C,
and C, plants of various leaf area index (L) and leaf elevation angle (a). The canopies are composed
of 10 strafa of randomly dispersed leaves. Solar and skylight data of 38 *N latitude, 1 July (afrer
Loomis and Williams 1969). (Right) Simulations of crop growth rates for “best” and “worst” possible
combinations af leaf angles at leaf area indices (L) of 1, 2, 4, and 10. Each canopy has 10 strata of
feaves: the horizontal axis indicates the nmumber of strara with vertical (V) and horizontal (H) leaves.
The best canopies (upper lines in each case) have V leaves on top and H leaves in the lower strata.
The worst canopies have H in upper strata, V in lower. C, plant; solar and skvlight data of 40 °N

laritude, 1 July (after Duncan 1971).

The influence of diffuse radiation on produc-
tivity has been considered in detail by Allen
et al. (1974). Our own work with the Duncan
model is illustrated in Fig. 2. The proportion of
diffuse radiation (H,/H) increases with in-
creasing cloudiness, but this is associated with
a sharp decline in the fraction of potential
radiation that reaches the ecarth's surface
(H/H,) (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 reduction 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. With a specific leaf arca of 2-3
dm3g !, 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—
189, 9-15 kg N ha! are required for each
unit of leaf area index. Foliage canopics with
leaf area indices of 8-10 thus require cycling

of 70-150 kg N ha *yr? for leal blades alone.
This is a difficult proposition in most tropical
environments. Very high annual productivi-
ties have been achicved 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! 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) Lin and Jordan's (1960} observarions of the fraction (H,/H) of daily total radia-
tion on a hoerizontal surface (H) received as diffuse skylipght (Hy,) as a function of H/H,, the fraction
that daily total radiation was o that received outside the atmosphere (Hy). The abservations were
made throughout the yvear in the northern hemisphere: a high proportion of diffuse radiation occurs
with high clowdiness and hence with a low proportion of daily total radiation. (Right) Simulations with
the Duncan model of commaunity photosynchesis rates with varving proportions of diffuse skylight
(Hy/H) from a uniform overcast sky. Photosynthesis rate increases ai each radiation level as Hy,/H
increases. The points and conneciing line indicate the situation for “real” skics wsing the Lin and
Jordan relationship shown to the left. The reduction in radiation offsets the more efficient distribution
of radiation within the canopy and photosynthesis decreases as cloudiness increases. Solar data for

23.5 °N latitude, 21 June, C, plant.

have a Cy pattern of carbon metabolism, They
can achieve a high quantum efficiency at low
irradiances, but they are susceptible to light
saturation with 0.4-0.5 cal em 'min? 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 oxvgenase
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 stomates are
partially closed. This lends a capability to the
C, species for a greater water use efficiency
{Downes 1969) and many ecologists feel this
may be the principal advantage of the C,
mechanism.

It scems 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 Atriplex where the two systems were
found in closely related species (Bjorkman
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 Cy tomato (Augustine et al. 1977)
are much more promising.

Regardless of the outlook in breeding, it
would be helpful if we had more information
on the photosynthetic capabilities of the root
crop specics, Response functions to tem-
perature, light, and carbon dioxide concentra-
tion and their variation are needed. Good
quality data on these functions can be obtained
only through the use of fairly sophisticated gas
exchange systems. Altempts to approach the
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problem through growth analyses technigues
{e.g. calculation of net assimilation rates by
dividing the crop growth rate by leafl 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 the manner and den-
sity of leaf display and the respiratory activities
of nonfoliage parts. Even when extrapolated
to O leal 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 and 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 com-
plexity of the situation. The placement of
plants in rows, the use of species mixtures, de-
liberately or inadvertently within the plant
community, and the phototropic movement of
leaves are simple examples. Fukai and Loomis
(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
maximize the proportion of leaves displayed
normally to the sun's rays, can be advantageous
to production rates with a small leaf area index.
Williams and Ghazali (1969) have found
movements 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 in the average leal angle, the
amount of diurnal change, and in the occur-
rence of a mid-day drooping to a more vertical
leaf angle. The presence of disease or insect
damage and the influence of leaf age may also
become important factors in production. All
of these features are susceptible to study and
improvement. The supply of carbon dioxide, in
contrast, is much more difficult to modify, yet it
is probably a limiting factor during the mid-day
period in most agricultural systems. Carbon
dioxide is normally limiting under intense radi-
ation and the extent to which this limitation is
enhanced by depletion of carbon dioxide from

the air within the crop is strongly 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 carlier, in considering the dy-
namics of foliar development, partitioning to
leaf growth has a strong 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 difficulty in correlating variations in yield
components with photosynthesis rate. The ex-
tensive work by Wallace et al. (1976) with
bean, as an example, illustrates the difficult
maorphological 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 biclogists 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 the past few vears. Mc-
Cree (1971) identified two main components
of whole-plant respiration: one part associated
with the cost of maintaining the existing
system; and a second part, which in his formu-
lation is proportional to the photosynthesis
rate. The sccond term corresponds to the
energy cost of biosyntheses and growth, His
formulation 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
et 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 1. Balance sheet for respiration associated with
plants. Amino acid, protein, and organic acid

(after Penning de Vries et al. 1974).

75

biosynthesis and growth of biomass in young corn
compositions appropriate to corn were used

Fraction of plant Pys

Substrate use

(L) (g g]umse) (E glucus:) O consumed  CO0; produced
Compounds £ biomass g product g biomass (g (g
Mitrogenous

Amino acids 0.023

Protein 0.200

Mucleic acid 0.077

0.230 0.620 0.371 0.00208 0.0924

Carbohydrates

Sugars 0085

Cellulose 0.226

Hemicellulose 0.226

Pectin 0.028

0.565 0.853 0.662 0 0.0377

Lipids 0.025 0.351 0.071 0 0.0355
Lignin 0.080 0.483 0.166 0.00735 0.0404
Organic acids 0,050 1104 0.045 0 —0.0023
Minerals 0.050 0 0 0 0
Respiration for

additional ATP and

NADH; production,

ion uptake, and

glucose transport 0 — 0223 (0. 18000 0.3280

Total 1.00 1.538 0.189 0.530

aPY is the “product value”, g product achieved per g

glucose consumed starting with NOs-N and 504-5, but

unbalanced for total ATP and NADPH; needs that are balanced at the bottom of the table for the whole plant.

The net product value, 1.00 g biomass /1538 g glucose =

type of primary plant product. For example,
starting with glucose, they totaled the number
of ATP and NADH. molecules required in a
least-cost pathway for the synthesis of each
amino acid and for the assemblage of these into
typical proteins. The same process was fol-
lowed with carbohydrates such as cellulose,
lipids, nucleic acids, and other products. Asso-
ciated with these biosyntheses were identifiable
but less certainly determined costs associated
with transport, gradient maintenance, and turn-
over of proteins and nucleic acids. Detailed
tables giving product yields (g product/g glu-
cose) for all of the important constituents of
higher plants were presented. Starting with ni-
trogen and sulfur in reduced or oxidized forms,
a summary of their calculations for the bio-
chemical composition of typical corn plant
material is shown in Table 1. Two key points
are evident. First, the respiration cost for the
synthesis of lipids and proteins is very high in

0.650.

comparison to that for carbohydrate fractions;
plants with a high proportion of carbohydrates
in their biomass will have a greater weight yield
per unit of photosynthate. Second, even
though corn plant material has a relatively low
protein and lipid content, about 25% of the
original photosynthate supply is consumed by
respiration associated with syntheses (growth).
This percentage agrees well with McCree's
estimates of the growth-associated respiration
of clover (McCree 1971) and sorghum {Mec-
Cree 1976) plants.

Respiration budgets of this sort apply only
on a whole plant basis. One of the largest en-
ergy costs, for example, is the reduction of
nitrate. In many plants, this is accomplished
largely in the lcaves with some direct participa-
tion of photosynthetic energy sources. The
growth respiration for nitrogen metabolism of
a storage organ on the other hand involves
only the cost of assembling these amino acid
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Fig. 3. The time course of two tvpes of partitioning observed in root and tuber crops. (Left)

Continnous partitioning. (Right) Phasic partitioning.

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

Source-Sink Relations

The other aspects of the partitioning process
seem Lo centre principally on the relative ac-
tivity of photosynthate sinks (Evans 1975).
Agricultural crops usually are grown under con-
ditions that result in fairly intense interplant
competition and if nutrients and water are not
limiting, source activity is usually the most
limiting part of the system. Limitations due to
sink activity and transport capacity, however,
can be demonstrated. Through manipulations
such as the removal of developing fruits or
girdling (Humphries 1967; Neales and Incoll
1968), carbohydrates accumulate in leaf and
stemn 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 repression of carboxylase
enzymes has not yet been demonstrated and
the mechanisms for assimilate control of
photosynthesis remain unresolved ( Thorne and
Koller 1974). However, as Evans (1975) con-
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 type, characterized by
the supar beet, storage organ growth begins
carly in the seedling stage and continues
throughout the vegetative period of the plant.
There is an indeterminate competition between
shoot growth (particularly of new leaves) and
storage organ growth. Shoot growth retains a
priority for assimilate supply even though the
relative magnitude of top and root may change
as root size increases. A balance between these
two activities is maintained throughout the
growing season, In the other type of partition-
ing, early vegetative growth is characterized by
shoot and fibrous root development, Storage
organ growth begins later, is usually more
determinate in nature, and often requires an
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
storage organ growth may be guite dramatic
with a subsequent cessation and/or even nega-
tive 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-
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lished and maintained. The relationship be-
tween fibrous root and storage root growth is
particularly interesting since transport to
fibrous roots in the sugar beet occurs past the
actively growing vascular cambia of the storage
root, One direction for research is to examine
the controls over phloem loading and unload-
ing (Wardlaw 1974).

In addition to the top-down priority in
photosynthate distribution, there seems to be a
reverse order of 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 and 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 shoots
provides a classic example (Phillips 1975).
Fluxes of abscisic acid and cytokinin from
roots also serve to regulate shoot growth (Leo-
pold and Kriedemann 1975). Correlative con-
trols over the activity of underground organs
will be considered later. Unfortunately for our
understanding of whole-plant processes, there
has been very little study of the interactions be-
tween substrate supply and hormones in the
control of growth and development.

Our own research on this problem has been

greatly aided by the development of a dynamic
simulation model of the sugar beet production
system (Fick et al. 1973, 1975; Hunt 1974).
The model is based on tissue and organ level
physiology and attempts to integrate the rela-
tive activity of sources and sinks into a be-
havior of whole plants and crops. The structure
of the model and 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 (the
hypocotyl and primary root axis) is too small
al emergence, even with maximal activity of
the cambia, which develop very early in the
seedling stage (Winter 1954; Milford 1973), to
use a significant proportion of the available
photosynthate, In the model, leaf growth thus
wins in the early competition for the limited
supply of photosynthate. As a result, photosyn-
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-
lishes the area of the sunlight available per
plant. As the tops expand to fully occupy this
area, the photosynthesis rate per plant comes
to a maximum value. With a single apical
meristem per plant, the capacity of the leaf
sink has a ceiling determined by the (leaf in-
itiation rate) X (growth capacity of the ex-
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panding leaves) ¢ (the number of plants per
unit area) (Loomis et al. 1976). During this
period, the storage root has continued to ex-
pand and increase in its capacity for growth,
which eventually exceeds not only 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
growth illustrated in Fig. 4.

It is significant that the shoot continues to be
an effective competitor for the limited supplies
of photosynthate. The explanation for this
seems 1o be that the leaf initiation rate is rela-
tively unaffected by competition for substrate
and that the developing leaves maintain a
priority for assimilates, including their own,
during their initial period of growth. The final
mature size of the later leaves is smaller than
those that mature ecarlier without significant
competition from the storage root ( Fig. 5).

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

reduce the 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 Bera
velgaris species. In the simulation, the reduced
capacity for root growth allows the assimilates
to be used in leaf growth and development.
Figure 5 illustrates simulations of leaf growth
for beet, chard, and mangel and shows clearly
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” of roots, or by analogous controls
over shoot growth (Loomis et al. 1976) al-
though we have some confirmation for root
control of partitioning in Bera species through
reciprocal grafts of sugar beet and chard.
Chard plants normally develop very large
leaves, but when grafted to a sugar beet stock
with a very strong capacity for storage organ
growth, the resulting chard leaves are smaller,
particularly in their petiole weights (Fig. 6).
The reverse is true when beet shoots, which
normally have smaller leaves, are grafted to
chard stock. The chard root is unable to effec-
tively use a large proportion of the assimilate
and beet leaf growth is greater than when the
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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 Hozyo and Park
1971}, potato ( Bunemann and Grassia 1973),
cassava (Mogilner et al. 1969; de Bruijn and
Dharmaputra 1974) and earlier work with
sugar beet by Thorne and Evans ( 1964).

These experiments and simulations reveal
the main features of the chard/beet, root/top
partitioning system and lend support to the
thesis that assimilate supply plays a 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 cambia 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 acquisi-
tion of photosynthates from the shoot. Again,
it is unclear whether such a lower priority could
also result from a higher growth capability in
shoots or some limitation in phloem transport.
Chard plants actually have a lower rate of leaf
initiation, so the principal difference, if it rests
in shoot growth potential, has to fall to the
number of cells and their final size within the
developing leaves. Nutritional control of par-
titioning could also be exercised in a number of
other ways. We should not overlook, for ex-
ample, the possibility that there are marked
differences in these plants in the capacity or
mechanisms for phloem loading and unloading
{ Wardlaw 1974). This would directly affect, 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
sarivies 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 lowards the root end of
these tissues (Radin and Loomis 1974 ). Thick-
ening fails to occur when the hormones are
supplied from the root tip end of a root or
hypocotyl segment.

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

Phasic Partitioning

The partitioning patterns 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 dominated by shoot and fi-
brous root growth, but it is without competition
from storage organs and may be of extended
duration. Storage organ growth is initiated later
in the life cycle, frequently in response to an
environmental signal, and may completely
dominate subsequent growth. In many re-
spects, the situation is analogous to the deter-
minate, phasic development of cereal grains,
However, it is sometimes difficult 10 discern
these differences in practical situations 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, tuberoswm L.}, runner bean (Pha-
sealus coccineus L.}, yvam (Dioscorea alara L.),
and Jerusalem artichoke ( Helianthis tuberosies
L.}, Dahlia, Begonia, Ullucus tuberosus, Oxalis
tieherosa, radish, cassava, and other species re-
quires or is strongly stimulated by photoperiods
shorter than [0-12 hours (long nights). It is
interesting that both root and stem structures
respond. Considerable genetic variation exists
within species. Some radish varicties, for ex-
ample, seem to require short days for thicken-
ing; others are neutral or accelerated by long
days.

Mitsch (1971) and Leopold and Kriede-
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
be prevented in Jerusalem artichoke by a red
light break during the dark period. With the
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-
flower (H. annuus 1) generated a short-day
stimulus that induced tuberization in the arti-
choke (M. ruberosus L) (Nitsch 1965). In-
duction may be quantitative; some plants are
fully induced by a few photocyeles 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.
Palmer and Smith (1970} initiated tuberiza-
tion in isolated potato stolons through an
application of cytokinin. Extensive starch ac-
cumulation was the first event in the initiation
process, an event that is inhibited by gibberel-
lins. It is noteworthy that gibberellins also
inhibit tberization. They are present in elon-
gating tips 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 reached
maximum values in below-ground tissues after
6 days and tubers were initiated after 8-10
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. Onee 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 during heavy fruit
development. Of the many relevant observa-
tions, it may be noteworthy that shoot growth
inhibition occurred in some experiments with
Dahlia when tuberization was promoted by
short days or by foliar sprays of abscisic acid
under noninductive long days (Halevy and
Biran 1973). 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 underground organ
growth, over time, for species in which tuberi-
zation, once initiated, is an over-dominant pro-
cess. The control exists in many tropical 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 the
trait but exist always in the induced state in
their native latitudes: tuberization would be
continuous in the tropics (and hence balanced
by other mechanisms as with the sugar beet)
but highly seasonal at higher latitudes. 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 sysiems 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 such models has
been an ability to simulate the hormonal regu-
lation of adaptation and development, In
models such as the sugar beet growth simu-
lator, these concepls are simply entered as
“genetic” rules. Radin (1970) outlined a hor-
monal control model for radish root develop-
ment, including secondary growth and Wilson
{1975) in an cloquent essay has gone further
and outlined a scheme for modeling the inter-
action of hormonal and nutritional controls.
This may be one of the tools needed, plus a
great deal more information on physiology and
morphology, before we can provide plant
breeders and production experts with an inte-
grated understanding of root and tuber crops.
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Total Dry Matter Production, Tuber Yield, and Yield
Components of Six Local Cassava Cultivars in Trinidad

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

Dry matter production, quantitative shoot morphology, dry matter distribution, tuber
yield, and yicld components of six representative cassava cultivars in Trinidad are
presented. The resulls are discussed in relation 1o the yield performance of elite cassava
cultivars and the yield potential of the cassava species. A cassava lype on which improve-
ment of the yield potential of the species might be based is identified.

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

Cassava is grown in ecosystems ranging
from the dry plains of Jamaica (annual rainfall
130 cm} to the very wet coastal plains of
Guyana (annual rainfall 500 cm). However,
despite the low productivity of Caribbean cas-
sava, there have been reports of the existence
of varicties with high vield potential (60 t/
ha under experimental conditions), Similar
productivity levels have been reported for elite
cultivars in the CIAT cassava collection and a
potential productivity level of 90 tons/ ha/ vear
has been predicted for the specics by Cock
(1974),

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

1Department of Crop Science, University of
the West Indies. St Augustine, Trinidad.

either 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 vield, 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
regional testing of selected high performance
types in different Caribbean ecosystems. Pre-
liminary data on six representative cultivars are
presented to place these cultivars in the profile
of tuber yield productivity levels.

Materials and Methods

Six cultivars (Manihor esculenta Crantz)
were grown on 30-cm-high ridges that were
90 cm apart. Stem cuttings (18 cm, 85 g) were
planted 90 cm apart at an angle of 45" along
the crest of the ridge and were each treated
with 140 g of a standard 12:12:7 NPK fertil-
izer one month after planting. The experiment
was established as a randomized split plot de-
sign with three replicates, as an out of season
crop planted in the dry season on 10 January
1974. One week after shoot emergence selected
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Table 1. Total dry matter production and quantitative stem morphology of six cassava cultivars.»

Diry matter production

Stem Branch Stem  Node Mo,
g /plant t/ha D, wit. Nao, D. wt. [ branch
g/plant  fweek t/ha fweek fplant  /planmt  /branch  /plant

Redstick 3189 69.3 3g.3v 083 1522 29.7 51.2 40.1
Whitestick 11 3036 66.0 36.4 0,79 1553 24.5 63.4 45.1
Whitestick 1 2997 65.0 36.0 0.78 1698 19.2 88.4 58.8
Maracas Blackstick 1885 41.0 22.6 0,49 645 16.7 8.6 36.3
Around the World 1664 6.2 20,0 0.43 961 343 280 350
Pie Pip 1424 3.0 17.1 0.37 638 30.5 209 320
Mean 2366 51.4 284 0.62 1170 258 45,3 40.0
S.E. 477.7 —_ — -- 242.3 6.8 —_ 6.0

s8Predicted dry matter production rates reported by or calculated from different authors: 46 tons fha fyear
(Cock 1974); 73 t1ons /ha year calculated from de Witt (1967); and 130 tons (ha fyear calculated from 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 1). The average rate of dry
matter production of the former types (42
tons/ha/year) was similar to the production
rate predicted by Cock (1974) for cassava, was
58% of the rate (73 t/ha/year) predicled
by de Wit (1967) for Solanum potatoes, but
only 32% of the 130 t/ha/year production
level based on calculations of maximum photo-
synthetic productivity by Loomis 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 cultivars
except Maracas Blackstick (607}, Percentage
leaf fall was similar {52.5=59.9% ) in all culti-
vars leading to proportionality between total

leaf number and the number of leaves (289-
585) retained at final harvest. Cultivars could,
however, be separated into three groups on the
basis of leaf area. Thus, there were high ( Red-
stick and Whitestick I1, 7.1-7.9 dm?), interme-
diate (Whitestick [ and Pie Pip, 4.5-5.3 dm?),
and low (Maracas Blackstick and Around the
World, 2.6-2.7 dm=~) leal area cultivars. Low
leal areas were duc to low leal number
(289) and low average area leaf (46.2 cm*) in
Maracas Blackstick and Around the World,
respectively, The high dry matter producing
types Redstick, Whitestick I and II as well
as the low dry matter type Maracas Black-
stick were broad leaf cultivars with leaves con-
taining 3-9 elliptically shaped leaf lobes with
length/breadth ratios of 3—4. Around the
World and Pie Pip were fine leaf cultivars with
leaf lobes having length/breadth ratios of 12—
15.

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



£6 TROPICAL ROOT CROPS SYMPOSIUM
Table 2. Distribution of dry matter in six cassava cultivars,
Dry matter distribution (7, TDM)
Planting

Stem Petiole Laming Tuber Thick root stick
Redstick 41.0 1.79 §.50 343 070 1.23
Whitestick 11 48.3 219 £.50 15.6 0.67 4.68
Whitestick 1 56.1 1.88 6.88 29.4 0.84 4.85
Maracas Blackstick 34.7 1.62 567 52.5 0,61 4,79
Around the World 516 1.46 8.36 250 1.10 6.50
Pie Pip 444 1.48 9.80 36.4 1.10 6,78
Mean 48.1 1.70 £.00 356 0.84 5.80

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

Interrelationships

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

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
(harvest index) was low (25.0-36.4% ) in all
cultivars except Maracas Blackstick (52.5%)
and there was correspondingly high dry matter
distribution to stems in these cultivars (44.4—
57.6%) and low distribution (34.7%) in
Maracas Blackstick. However, even in this cul-
tivar, harvest index was relatively low com-
pared with values of up to 70% reported for
the species (CIAT 1974).

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

Cultivar Yields and Yield Components

Tuber yields (Table 2) were low compared
with those of elite cassava cultivars (CIAT
1974). However, four of the six cultivars stud-
ied were comparatively high vielding (29.5-
31.9 t/ha) and the remaining two were low
yielding (14.3 and 16.6 t/ha). The higher
yielding cultivars had lower yield variability
{C.V. 34=-39% ) than the low vielding cultivars
(41-69% ) confirming earlier work by Haynes
and Wholey (1971). Lowe and Wilson
{1975h}, and Wilsan (1975), which suggested
that high yield variahility was one of the con-
tributing factors to low yield in tropical root
crops. Thus, if the highest yield per plant re-
corded (4183 g) were consistently maintained
over the experiment the yield productivity of
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Table 3. Tuber yield of six cassava cultivars,

Mean tuber wi.

Tuber yield Tuber MNo.
t/ha g/plant  CV(%) No. fplant CV(%;) g/plant  CV(%5)
Redstick 3.2 2600 39 7.1 25 409 55
Whitestick 11 s 2660 34 4.8 25 591 45
Whitestick [ 279 2327 18 7.1 19 340 41
Maracas Blackstick 0.5 2467 36 6.1 i9 430 i7
Around the World 14.3 1191 69 4.2 46 272 56
Pie Pip 16.6 1383 41 34 41 452 44
Mean 252 2105 i7 5.4 i3 416 50

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

Tuber numbers per plant (3.4-7.1) (Table
3) were very low compared with data previ-
ously recorded for 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 number was the more important
contributing component to the low tuber yield
in the cassava cultivars studied.

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

If it is assumed that the major source of
yield variation is the competition pressure that
develops in the crop community in the course
of the crop growth cycle, and that vield vari-
ability leads to reduced yield, then individual
mean tuber weight values reflected pressure
from this source to a greater extent than tuber
number. It is concluded, therefore, that des-
pite the low tuber number values recorded for
the varieties studied. tuber number variability
did not originate principally from competition
pressure in the crop community. It is however
difficult to determine from results of the cur-
rent experiments whether low tuber number
was a genelic characteristic of the cultivars or
was a reflection of the environment in which
the crop was cultivated, e.g. dry conditions
during early growth. Nevertheless, the impor-
tance of mean tuber weight as a major source
of yield variability is in agreement with data
previously published for sweet potato and yam.

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

Interrelationships between Yield
Components and Yield

There were significant negative correlation
coefficients between tuber number and mean
tuber weight in the two high vielding cultivars
{ Redstick, Whitestick I1) and also in the low
yielding cultivar, Pie Pip, at the p = 5% level.
This level of yield component compensation
was less than that recorded for swect polato
by Lowe and Wilson (1975a) and the regres-
sions of tuber number on mean tuber weight
accounted for 25-30% of the yield variation,
However, the significant negative regression of
tuber number on mean tuber weight for the four
high yielding cultivars suggested that mean
tuber weight/tuber number ratios might be
cultivar characteristics. Since no such correla-
tion could be demonstrated for the two low
vielding cultivars, it is suggested either that the
high yielding cultivars might be representatives
of a distinct line with yield component com-
pensation at the genetic level, or that there was
not sufficient competition pressure in the popu-
lation of the low vielding cultivars to develop
strong compensatory relationships beiween the
components of tuber yield. Yield component
compensation partially overcame the effects of
low tuber number on vield in Whitestick 11 and
Pie Pip within the high and low yield level
groups, respectively. Similar compensatory re-
lationships did not result in raising the yield
level of the high yielding cultivars to that re-
corded in elite representatives of the species
(60t/ha}.

Significant correlation coefficients between
either vield component and yield suggested
that cultivars might be classified according to
the contribution of yield components to yield
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as follows: (1} tuber number/tuber weight
types in which both components were signili-
cantly correlated with yield — Around the
World; (2) tuber weight types in which tuber
weight was significantly correlated with yield
— Whitestick 1. Whitestick 1I. 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 production — node
number, leal number, and leaf area — and
total dry weight were also established between
these parameters and tuber yield, indicating that
leaf production and leaf abscission were im-
portant determinants both of total dry matter
production and tuber vield. Correlation co-
efficients were, however, higher with total dry
malter than with tuber yield. Similar correla-
tions between leaf number, node number, and
cassava yicld have also been demonstrated by
others, Variation in node number and leaf
number within the six cultivars studied ex-
plained more than 50% of the variability in
tuber yield except in Whitestick 1 and I1 (40—
48% ), When all cultivars were considered to-
gether leal number and node number ac-
counted for less than 25% of the tuber vield
variability. Thus, although high leaf produc-
tion and leaf retention were important for high
yield within individual cultivars, it would ap-
pear that high yield was nol necessarily corre-
lated with high rates of leaf production. The
yield performance of Maracas Blackstick
demonstrated that high yields could be
achieved with a low leaf production cultivar
provided that high harvest indices are realized.

Harvest Index

Although there were no significant correla-
tions hetween tuber yield and harvest index in
the four high yielding cultivars, such correla-
tions were significant both for the low-yielding
cultivars {p = 0.05 and 0.10) and for all cul-
tivars ( p = 0.001}. The former correlation
was interpreted to mean that plant to plant
variation in harvest indices may have been
partly responsible for the high yield variability
in low vielding cultivars (Table 3). The latter
correlation indicated that harvest indices might

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).
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us (E. B. Holmes) is gratefully acknowledged
and we wish o thank A. Ragoobarsingh, A.
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Efiect 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 compaction in root and tuber zones on the growth and vield of
White Lisbon yams (Dioscorea alata L.) was examined using specially designed boxes.
S0il compaction reduced leaf number, leaf area. and yield. A close positive linear
relationship was observed between leaf number and yield. It is suggested that the growing
tuber contributes substantially to the development of the plant by assisting in the
absorption of moisture and essential nutrients, Compaction in the tuber zone had no
effect on tuber number, wber length, and tuber widith. However, wbers 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 a larger number of growing points (or toes).

The edible portion of the yam (Dioscorea
spp.) is the underground tuber. Tubers can be
very large, and sometimes weigh more than 80
kg. In commercial production, however, tubers
are usually very much smaller and range from
less than 1 kg to about 10 kg depending on
cultivar and growing conditions. White Lisbon
(D. alara 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 effect of soil compaction
in root and tuber zones on growth and yield of
the White Lisbon yam.

Methods

The yams were grown in specially designed
boxes (Fig. 1) in which the tubers and roots
of the same plant developed in different com-
partments. Each compartment was 559 cm
high, 22.9 cm wide, and 61.0 ¢m long. The
partitions between the root and tuber com-
partments were about 5 cm lower than the
outer edge of the box. The boxes were con-
structed from 2.5 cm thick wood.

There were six treatments in a 2 x 3 fac-
torial with four replications, The initial bulk
densities of the soil in the root and tuber com-
partments for each of the treatments are given
in Table 1. A plot consisted of a single box in
which one plant was grown.

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

1Caribbean Development Bank, P.0O. Box 408,
Wildey, 5t. Michael, Barbados, and Department
of Soil Science, University of the West Indies,
5t Augustine, Trinidad, respectively.

Table 1. Initial bulk densities (g fem?) in the tuber
and root compartments.

Bulk densities
Treatment Tuber Root
code compartment compartment
11 1.1 1.1
12 1.1 1.3
21 1.3 1.1
22 1.3 1.3
13 1.1 1.6
23 1.3 1.6

{coarse sand 5%, fine sand 45%, silt 23%,
clay 26%, and organic mater 1% oven dry
weight). The boxes were placed in the field
and then packed with topsoil to the required
bulk density (2,,}. The soil was taken from the
top 30 ¢m and sieved through a 6.3 mm mesh
and then allowed to dry to about 10% mois-
ture before packing in the boxes. The soil re-
quired no compaction to achieve a D, of 1.1
g/em?®; this was therefore the lowest possible
I, for this soil under existing conditions. To
achieve a Dy, of 1.3 g/ecm® the soil was com-
pacted in 8 cm depth intervals by packing the
calculated weight of soil to the required depth
with a broad wooden hammer, and for a D
of 1.6 g/cm® the packing was done for an addi-
tional 4 cm of soil. All boxes were filled to
about 5 cm below the upper edge of the box,
and therefore, to the top of the partitions sepa-
rating the root and tuber compartments,
Black plastic (2 mm gauge) was doubled
and placed on top of the soil in the tuber (or
middle) compartment with about 10 em of
plastic overhanging on one side of the box as
illustrated in Fig. 1. The overhang of plastic
was necessary to facilitate the removal of the
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Fig, 1. Cut-away of upper § cm of soil to show
the position of the plastic: (1) loose soil: (2) com-
pact/ wacompacted soi of roor compartment; (1)
back plastic over tuber compartment; and (4)
Mlack plasiic overhang.

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

Head setts of White Lishon yam (D. alata
L.), cach weighing 100 g, were planted in the
centre of the tuber compartments on 27 July
1973, The setts were buried to a depth of
about 2 cm in the centre of the middle com-
partment. The soil in all three compartments
was lightly mulched with dry grass after plant-
ing. Mulching was considered necessary to pre-
vent crusting of the soil surface. Compound
fertilizer having a N:P:K ratio of 13:13:20
was applied at the rate of 24 g per compart-
ment in a split dose. The plants were staked.

The number of leaves per plant (ie. per
plot) was recorded 3, 4, 8, and 25 wecks alter
planting. Leaf area was estimated at 25 weeks
after planting. The bulk density was measured
area. 15 leaves were selected randomly from
each plant at 25 weeks and the overall length
{B) was measured. The area of these leaves
was then calculated using the formula: leaf
area = —76.3 4+ 10.08. The area of the whole
plant was then determined, by multiplying the
area per leaf by the total number of leaves per
plant.

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

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 cm diameter tuber sampler.
Five samples were taken from the apices of an
imaginary five-pointed star and the sixth from
the centre of the star. Each sample was cut into
12.7 em lengths and the six samples from each
depth bulked. The soil was carefully washed
from the roots on a muslin cloth sieve and the
roots collected and dried at 70 *C.

The tubers were harvested on 12 February
1974, 28 weeks after planting. Data were re-
corded on tuber number, tuber weight, length
and width of tubers, maximum depth of tubers,
and the number of growing points (ie. the
number of fingers or toes). Bulk densities of
the soil at the base of the tubers were measured
on core samples 5 em in diameter and 7.5 cm
long, sampled by the procedure described by
Blake (1965).

Results

All the main roots were confined to the root
compartments indicating that the system ef-
fectively separated the roots from the tuber
compartments. Tubers had a large number of
fine 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 the compacted tuber compartments 1 week
before harvesting, but differences were not
significant. The bulk densities of the soil at the
base of tubers were very much higher than the
initial bulk densities, indicating that the tuber
itsell was compacting the soil. This trend was
particularly marked at compaction level 1 (1.1
g/em?). In the root compartment the mean
bulk density of the top 38 cm of soil at com-
paction level 3 (D, = 1.38 g/cm®) was sig-
nificantly higher than compaction levels 1 and
2 but very much lower than the initial bulk
density of 1.6 g/cm® In both the root and
tuber compartments the 0y, of the soil at level
I increased up to | week before harvesting,

Yield per plant decreased significantly with
increase in initial bulk density of both the root
and tuber compartments (Fig. 2). Differences
in yield are shown in Table 2. The interaction
between compaction levels in the root and
tuber compartments was significant. Yield was
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Yield (kgsplant)

4]

11 13 16
Initial bulk density of root compartment
Fig. 2. Effect of initial bulk density in root and
tuber compartments on yield: initial D, of
tuber compariment = [.1; ———— initial Dyof
tuber compariment = [ 3.

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

There were no significant differences in
tuber numbers per plant among treatments.
The decrease in yield with increase in soil com-
paction in the root and tuber compariments
was therefore due mainly to a decrease in tuber
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size. There were no significant differences in
the number of growing points of tubers as a
result of varying levels of compaction in the
root and tuber compartments, but tubers from
the higher compaction level 2 of the tuber
compartment tended to have a higher number
of growing points (12.7/plant) than those from
low compaction level 1 (8.7/plant).

Soil compaction in the tuber compartment
had no significant effect on tuber length or
tuber width. There is some indication, how-
ever, that compaction resulted in slightly
shorter and broader tubers, and these there-
fore had a lower length to width ratio than
tubers grown in the soil that was not com-
pacted. Tubers grown in soil that was not
compacted penetrated the soil to a greater
depth than those grown in compacted soil.
Tubers in the more compacted soil tended to
grow upwards above the level of the box more
than tubers in the treatments in which the soil
was nol compacted. Mounding at the base of
the plants, especially in compacted tuber com-
partments was very evident at harvesting.
Tubers in the compacted tuber compartments
(level 2) had a mean height of 18 cm above
the top of the box compared to 11 cm for those
with the lower compaction level 1.

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

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

Tuber compartment (TC) 1

Mean tuber compartments (TC)
Mean root compartmenis (RC)
TC % RC
CV.

Root compartment (RC)

1 2 3 Mean
R 211 221 247
[{1]] (32) (29) (0
226 217 1.60 201
(27 (30) (48) (19}
2.67 2.14 1.90 —
() (20) (29) =
S.E. P
0.15 0.018
012 0.007
0.21 0.125

18.99;




92 TROPICAL ROOT CROPS SYMPOSIUM

Table 3. The effect of soil compaction in root and tuber compartments on leaf number per plant at 3, 4, 8,
and 25 weeks alter planting and on estimated leal area per plant at 25 weeks after planting.

Leal area at
Coipaction Leaf number 25 wks
Compartment level 3 wks 4 wks & wks 25wks  (em? X 104
Root 1 5 16.7 50.2 200.5 11.31
2 4.4 11.1 67.5 185.7 10.32
3 52 129 7.5 171.2 8.85
5E. + 1.1 1.8 1.7 9.7 0.97
Tuber 1 5l 12.7 80.7 2038 10.57
2 6.3 14.5 73.5 172.5 9.36
SE £ 09 14 6.3 7.9 0.79

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

A very highly significant correlation coeffi-
cient of +0.796 (p = 0.001) was ohserved
between leaf number at 25 weeks and yield
{y = —0.183 + 0.0129 In).

Mo significant differences in average root
densities in the root compariments were meas-
ured among treatments,

Discussion

Soil compaction in both the root and tuber
compartments decreased tuber yield, Signifi-
cant positive correlations were observed be-
tween leaf number at 25 weeks and yield and
leaf area at 25 weeks and yield. Lower yields
at the higher compaction levels therefore seem
to be related to a reduction in the total photo-
synthetic surface and thus the total amount of
carbohydrate available to the developing
tubers,

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

numerous roots that occur on the tubers, and
which are more prevalent during the early
period of tuber bulking. The tuber surface it-
self may also be absorbing nutrients and mois-
ture. It has been observed that fibrous root
{mostly nontuber) development reached a peak
at 4 months after planting and declined there-
after, suggesting a reduced potential for the
absorption of nutrients aflter 4 months {James
1953). The evidence here suggests that the
tuber through its surface and/or the many fine
roots on the surface may help to offset the re-
dueced potential for absorption of nutrients and
moisture resulting from the decline in the
fibrous root system. The tuber itself, therefore,
may be playing a major role in providing essen-
tial nutrients and moisture for plant growth.

The finding that the tuber may play an im-
porant role in the nutrition of the yam plant
is considered significant. It may help to explain
the dramatic effect the application of organic
fertilizer has on increasing the yield of yams
{Ferguson and Haynes 1970). Organic ferti-
lizers when incorporated into the hill or ridge
would provide not only a soil medium offering
relatively low resistance to the development of
tubers but also nutrients in the immediate vi-
cinity of tubers. The effect of placement of
fertilizer in the vicinity of the developing tuber
on growth and vield of yams is worth investi-
gating.

Tubers from the less compacted treatments
presumably met with less resistance and pene-
trated the soil to a greater depth. They there-
fore had the opportunity of exploiting a greater
volume of soil for nutrients and moisture,
which may have resulted in better growth and
thus higher leaf numbers. Tubers developing
in the more compacted soil may also be smaller
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sinks for carbohydrates because the soil offered
greater resistance to their growth and thus led
to a build up of assimilates in the translocatory
system and eventually at the sites of photo-
synthesis. It has been shown that photosyn-
thesis can be inhibited by an excess of assimi-
lation products (Humphries 1967; Neals and
Incoll 1968). Reduced photosynthesis results
in a smaller amount of assimilates being avail-
able for plant growth and thus results in smaller
plants,

The results also suggest that the normal geo-
tropic growth of tubers was restricted by the
resistance offered by the soil in the compacted
tuber compartments. Although they were
smaller, tubers from compacted compartments
grew higher above the top of the box than
tubers from compartments that were not com-
pacted. The slightly lower length to width ratio
also suggests that tubers have the tendency to
expand laterally in compacted soil. Tubers from
the more compacted tuber compartments also
had a slightly greater number of growing
points or “toes.” It is well known that soil re-
sistance can be reduced by the incorporation of
organic matler and many farmers in the Carib-
bean claim that tubers of White Lishon yams
develop fewer “toes” when produced in soils
to which organic matter is added.

Compaction in the root compartment re-
duces tuber yield seemingly through a reduc-
tion of leaf numbers and leaf areas from as
early as 3 weeks in the highest level of com-
paction. Reductions of leaf growth and tuber
yield in treatments with compacted root com-
partments were likely to be due to the failure
of roots to penetrate and exploit the soil vol-
ume for nutrients and moisture. Reduced
aeration, less available water capacity. and
slower soil water conductivity may also be im-
portant limiting factors.

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

would exert physical pressure to the surround-
ing soil mass, resulting in increased bulk densi-
ties. The bulk densities of the soil at the base
of the tubers were higher than ecither of the
two initial bulk densities indicating that the
tuber itself was compacting the soil during its
growth. The ability of the soil to deform under
stress may therefore be an important faclor
affecting the yield of yvams,
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The Mukibat System of Cassava Production
T. S. Dharmaputra and G. H. de Bruijn'

The Mukibat system 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 eating quality, bul which only produce moderately under

the normal system,

The highest accumulation of dry matter in the root of the Mukibatl cassava ocourred
between 12 and 15 months in all three varieties tested (it was nol necessary to make
planting holes for the Mukibat system). Mitrogen was the limiting plant nutrient at

one location.

Scion material taken from the Mukibat plants was found to be as good as that taken
from the original M. glaziovii tree. Two different types of scion were tested: the so called
“black™ type was superior (o the “white” type at one location, but not at the other.

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

Experiments

Preparation of Planting Material

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

IDepartment of Soil Science, Faculty of Agri-
culture, Brawijaya University, Malang. Indonesia,
and Department of Tropical Crop Science, Agri-
cultural University, Wageningen, The Nether-
lands, respectively.

Planting

For the Mukibat system in the first year's ex-
periments {1973/1974) planting holes (1 x
1 > 0.3 m) were made in most cases. In each
hole, 20 kg of partly decomposed organic mat-
ter from market waste was mixed with soil. In
the second year's experiments (1974/1976)
planting holes and organic matter were not
used.

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

Growth Period

For the Mukibat system in 1973/1974, ex-
cept for the growth period experiment, harvest-
ing occurred after 12 months; in 1974/1976
the growth period was 15 months. For the
normal system, a 10 month growth period was
used.

Eficct of the Mukibat System on Yield

Experiments were carried out to compare
the vield of local and improved varicties with
the normal and the Mukibat system. Three loca-
tions were chosen for the 1973/1974 variety
experiments and four locations for the 1974/
1976 experiments. For 1974/1976 variety ex-
periments data are available from only three
locations. Mukibat and normal cassava ex-
periments were carricd out separately. In
1974/ 1976, an additional experiment was car-
ried out at Muneng to compare yields obtained
after different growth periods, both for the
Mukibat and the normal system. Yields after
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Table 1. Root yield (dry matter, t /ha, total and per month) of different varieties of the normal cassava
(growth period 10 months) and of the Mukibat cassava (growth period 12 months)
at three locations in the 1973 [1974 experiments,

Total yield Yield per month
Location Variety Mormal Mukibat Normal Mukibat
Pagak Faroka 11.1 10.5 1.11 088
Muneng 257 10,0 &0 1.00 0.67
Ketan 9.9 9.0 9.99 0.75
Somo 9.0 9.5 0.90 0.79
Mgeaning RS 9.4 0.B5 0.78
Mentega 8.2 8.6 082 0,72
Ambon 7.9 1.5 0.79 0.63
MNdoro 19 6.7 0.79 0.56
Average 9.1 8.7 0.91 0.72
C.V. (%) I8 I8
Muneng Muara 6.2 54 0.62 0.45
259-D-Gm-42 5.4 54 0.54 0.45
Pandesi 52 7.0 0.52 0.58
Faroka 50 7.0 0.50 0.58
Gading 49 5.9 0.49 0.49
Ambon 4.4 6.4 0.4 0.53
Neganing 4.2 6.9 0.42 0.58
260-E-Am-7 39 4.3 0.39 0.36
Average 49 6.0 0.49 0.50
C.V. (%) £l 37
Lumajang Faroka 12.3 13.6 1.23 1.13
Muara 9.9 19 0.99 0.66
257/BVa 9.1 11.8 0.91 0.98
Valenca 87 10.6 0.87 0.88
MNdoro 8.6 13.2 086 1.10
MNgganing 8.5 11.5 0.85 0.96
Mentega 1.6 9.4 0.76 0.78
Genjah Putih 6.6 9.4 0.66 0.78
Average 8. 10.9 0.89 091
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 in Table 2,

The Mukibat system did not reduce the
overall yicld variation among the tested varic-
ties. The cocflicients of variation for both
Mukibat and normal cassava at all locations
were similar, However, the effect of the
Mukibat system on the yield of individual
varieties was not the same. High viclding varie-
ties may not necessarily be high yielding when
planted as Mukibat. The reverse is also true.
Some varicties, like Ndoro and Mentega, re-
sponded better to the Mukibat system than
other varieties. These are low yielding varietics
that are preferred because of their good eating
quality.

Yield per month was calculated for both

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

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

Total yield Yield per month
Location Variety MNormal Mukibat Mormal Mukibat
Tulungagung Faroka 2 4.3 9.2 0.43 0.61
Mentega 4.1 6.0 0.41 0.40
Manggler 33 1.8 0.13 0.52
Pandesi 33 8.3 0.33 0.55
Caparoka 32 39 0.32 0.26
Ndaoro 1.7 1.6 0.7 0.51
Average 332 713 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 54 12.6 0.54 0.84
Faroka 1 51 1.1 0.51 0.74
Raung 4.6 9.1 0.46 0.61
Markati 34 108 0.34 072
Average 51 11.82 0.51 0.79
C.V. (%) 20 15
Lumajang Faroka 2 6.1 15.0 0.61 1.00
Muara 58 158 0.58 1.05
Valenca 51 12.7 0.51 0.85
Ndoro 4.7 17.6 0.47 117
Mentega 4.6 16.6 (46 1.11
257/8/Va 4.4 18.2 0.44 1.21
Average 512 15.98 0.51 1.06
C.V.{% 14 12

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

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

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

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 some 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 Growih 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-
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Fig. I. Relationship between the length of
proweh period and vield of Mubkibar cassava for
three varieties ar Muneng and Lumajang.

mining the optimum time for harvest. One
experiment was carricd out at each of two
locations, Muneng and Lumajang, with two
varieties per location. Planting was done at the
beginning of the rainy season, December 1973,
whereas at Lumajang replanting had to be
done in February 1974 because of serious wind
damage. Replanting reduced the number of
replications. The material for replanting was
obtained by cutting the stem above and below
the union of the graft of the remaining plants.
This replanting technigue is common among
the local farmers. Harvesting took place 9, 12,
15, 18, 21, and 24 months after planting or
replanting. Results of dry matter root yield
are presented in Fig. 1.

The highest accumulation of dry matter in
the roots was obtained between 12 and 15
months with an average of 2.9 and 1.3 t/ha
for the tested varieties at Muneng and Luma-
jang, respectively. A decrease in vield was ob-
tained after 21 months (Muneng) and 18
months (Lumajang). This period coincided
with the beginning of the rainy season, which
started in early September in 1975, A lot of
roots were rotten and consequently resulted in
loss 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 extend
to 18 months. Harvesting after a shorter
growth period would be necessary if root
quality began to decrease carlier. Data on the
development of root quality during the growth
period are not yel available.

Yield of Mukibat Cassava Using Different
Kinds of Scion

Original Versus Nonoriginal
M. plaziovii Material

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

At both locations there was no significant
difference between the yield of Mukibat plants
related to whether the scion derived from orig-
inal or nonoriginal M. glaziovii material. This
suggests that a scion taken from a Mukibat
plant will be as good as that taken from the
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 a
light 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.

Al 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 root
vield of the “black™ type was superior to that
of the “white™ one, which corresponds to the
experience of a majority of farmers. But at
Lumajang 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
apply a small amount of urea, once or twice
during the growth period (De Bruijn and
Dharmaputra 1974).

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

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

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

Discussion

The fact that an increasing number of farm-
ers are adopting the Mukibat system is a strong
indication that the system is superior to the
normal cassava production system. The pre-
liminary results of the experiments also indi-
cate that the yield of the Mukibat cassava is

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

Because the response of individual varieties
to the Mukibat system varies considerably, the
possibility exists of selecting for high yield
within varicties that have good eating quality
but only produce moderately under the normal
system. This is very atiractive 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
can he reduced. This means that the system
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
renewal from the original M. glaziovii trees
will be effective. Further research is needed on
this point.

The authors wish to thank the International
Development Research Centre, which provided
funds for the present research. We are indebied to
staflf members of the Cassava Research Project
and students of the Faculty of Agriculture, Brawi-
java University, for their active support and in-
volvement in the cassava research, and to Dr.
Gracme D. Swincer for correction of the English.
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The Mukibar sysrem, a high vielding method of
cassava production in Indonesia. Meth. 1, Agric.
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Undersowing Cassava with Stylo Grown Under Coconut
1. M. Nitis and M. Suarna’

Three field experiments on undersowing cassava with stylo were carried out in Bali.
Stylo drilled under the cassava at diagonal crossing produced tuber dry matter (ID.M.)
similar to that of cassava sown without stylo, Other methods of sowing stylo (broadcast,
windrow, crisscross, and drill midway between the 2 cassava) significantly (p = 0.05)
decreased the tuber DM, vield by 32-519% ., Windrow sowing the stylo under the
cassava by replacing cassava with stylo so that the spacing increased from 40 3 40 cm

1Department of Nutrition and Pasture Agronomy, FK.H.P., Udayana University, Denpasar,

Bali, Indonesia.
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(without stylo) to 40 % 80 cm (with stylo) and from 60 % 60 cm (without stylo) to
60 % 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. yvield by 149 (p = 0,05). PK or PKT fertilizers could alleviate such yield depression.
The cassava <+ siylo combination produced about 69% more shoot D.M. than that of the
cassava sown without stylo, The importance of undersowing cassava with styvlo in mixed

farming systems is discussed.

In intensively farmed coconut-bearing dry
areas in Bali, root crops (cassava, sweel 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 uncommeon in this area (Nitis 1967), The
tropical legume Stylosanthes, which is known
for its drought resistance, and which can mix
with other species ( Humphreys 1969), is show-
ing promise as a livestock feed in Bali (Nitis
and Nurbudi 1975).

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

This paper reports on a short term ficld study
of the effect of method of sowing, spacing
{density), and fertilizer on the yield of cassava
and Stylosanthes sown under coconut,

Materials and Methods

Site and Land Preparation

The experiments were carried out in 1 ha
eoconut 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
Movember to April rainy season (Steel and
Humphreys 1974). The coconut trees are
about 30 years old and are planted at approxi-
mately 10 % 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 em 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 | m. Plot size in experiments 1
and 3 was 2 ¥ 2 m, inexperiment 2,3 ¥ I m.

Cassava Stick 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 BO cm spacing.

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

Experimental Design

Each experiment was carried out in a com-
plete randomized design. Measurement of the
height and number of leaves was carried out
at 4-week intervals. At the same time, density
of the stylo was measured in a 0.5 x 0.5 m
quadrat. Stylo was harvested at 10 ¢cm height.
Plots with cassava without stylo 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 leal, stem, petiole, and tuber was
dried at 70 °C to a constanl weight for dry
matter (D.M.) determination.

Experiment 1 was carried out to compare dif-
ferent methods of sowing stylo in relation to
cassava. The treatments consisted of cassava
alone and cassava + stylo using five methods
of sowing stylo under cassava (broadeast,
windrow, crisscross, drill midway between the



100

TROPICAL ROOT CROPS SYMPOSIUM

Table 1. Effect of method of sowing stylo under cassava on tuber yield
and on cassava -+ stylo shoot.

D.M. yield of
DM, yield cassava + stylo
Method of of tuber Number of shoot®
sowing stylo (g /m*pm tubers {m? (g /m#)
Mo stylo (control) 41.57Ta B.22a 2
Broadcast 21.86b 1.75b 295h
Windrow 20.29b l64b 250a
Crisscross 28.14b 514 297Tb
Drill midway 22Thb T.14¢c 243a
Drill at diagonal crossing  45.29a 7.99¢ 0Th
S5.E.M. 3.26 034 119

2Walues in the same column followed by different letters are significantly different

{p = 0.05).
BStem + petiole 4 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 1 cm. The cassava sticks
were planted on 13 September 1974, the cas-
sava and stylo were harvested when the cassava
was 26 wecks old (1 March 1975). Stylo re-
growth and volunteer species invading the plot
without stylo were harvested 16 weeks later (2
July 1975).

Experiment 2 studied various planting den-
sities of cassava and stylo. The factorial design
consisted of three combinations (cassava,
stylo, and cassava + stylo), three spacing
(40 =40, 60 x 60, and 80 x 80 cm), and 12
replications. The cassava and cassava + stylo
combination resulted in a 40 = 40, 40 = 80,
60 x 60, 60 x 120, B0 x B0, and 80 x 160
spacing with a density of 5.44, 2.67, 2.78, 1.67,
1.78, and 0.89 plant/m?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 wecks old
(27 June 1975). Light intensity under the
cassava canopy was measured by photocell light
metre and leaf arcas of the cassava were meas-
ured by planimetre,

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

T as CuS0,-5H.O at 8, ZnS0,-5H.O at &,
MnS0,*7TH.0 at 21.8, Na,MoO,"2H.0 at 0.24,
and Na,B,0-10H.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 signifi-
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 1). On the other hand, sowing
stylo by the other methods reduced tuber D.M.
vicld by 32.3-51.2% compared with that of
the cassava sown without stylo. The crisseross
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
vielded 7.9% more shoot D.M. than that of
cassava 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,
D.M. vield of
.M. yield cassava 4+ stylo
Cassava densily of tuber MNumber of shoot®
Spacing (plants fm*) Combination (E/mip tubers /m? (g /m?)
40 > 40 5.44 cassava 6l4a £.0la $43a
40 i stylo — = 656bg
40 » 80 2.67 cassava + stylo 137b 9.27h 1006c
&0 < 60 2,78 cassava S66a 6.87c 464l
&0 -— stylo — — 633b
60 » 120 1.67 cassava + stylo 59k 7.96a Wudc
B0 x BO 1.78 cassava 583a 5.641 395n
B0 - stylo — — 626h
80 > 160 0.89 cassava 4 suylo 420 390 T05g
S.E.M, 6.74 16 18.16

8¥alues in the same column followed by different letters are significantly different

{p = 0.05)
bStemn + petiole <= leafl blade.

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

Stylo sown in broadcast produced similar
shoot .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, vyield of
individual species, the combined cassava +
stylo shoot D.M. yields were 8.6-37.0%
greater than that of cassava sown without
stylo. This, increase was mainly due to the
change in the D.M. of the stem.

Four months after termination of the ex-
periment, the volunteer species invading the
plots formerly cultivated with cassava sown
without stylo produced 30.7 g D.M./m? 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/m? by sowing stvlo in the location
of the cassava row significantly increased
the tuber D.M. yield by 20.1% (Table
2). Reducing the density from 2.78 to 1.67
plants/m?® resulted in a similar trend, but a
further reduction from 1.78 to 0.89 resulted in
a 28.0% reduction in tuber D.M. yield. In the
absence of stylo, reducing the cassava density

from 5.44 to 2.78 and to 1.78 plants/m? did
not significantly affect the tuber yield. In the
case of the cassava + stylo combination, re-
ducing the cassava density from 2.67 to 1.67
plants/m* 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. vield was mainly due to the tuber
number, whereas the tuber size (length and
diameter) did not consistently vary.

Reducing the cassava density from 5.44 to
267,278 to 1.67, and 1.78 to 0.89 plants/m?
by replacing the cassava with stylo decreased
the shoot D.M. yield by 12.2, 7.3, and 30.3%,
respectively, The effect of varying density on
the D.M. yield of the cassava plant parts (stem,
petiole, and leaf) followed the shoot D.M.
pattern. The reduction in the leal D.M. yield
was partly due to the reduction in the size and
number of leaves.

Increasing the stylo spacing from 40 to 60
and 80 cm did not significantly affect the shoot
D.M. vield of the stylo. However, increasing
the stylo spacing from 40 to 80, 60 to 120,
and 80 to 160 cm by sowing cassava in the row
space of the stylo significantly decreased the
shoot D.M. vield of the stylo by 19.4, 24.0,
and 31.7%, respectively. In the case of the
cassava + stylo combination, increasing the
spacing from 40 ¢ 80 to 60 x 120 cm de-
creased the DM, yield of the stylo shoot by
10.2% , whereas increasing from 60 * 120 to
80 % 160 ¢m 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 stylo on tuber yield and on cassava 4 stylo shoot.

D.M. yield of
D.M. yield cassava + stylo
of wber MNumber of shoot®
Combination Fertilizer (g /m*)s tubers /m? (g /m?)
volunteer species — — 90
Cassava none T¥ab 7.37ac 408b
stylo — — 675g
cassava + siylo 628b 6.57Th B76¢c
cassava N 82lac B.00a 452b
cassava MNPE 1014¢ 9.06a 4590
cassava MNPKT Tl4ab 6.99bc 401b
cassava 4 stylo PK 674b 6920 S89cf
cassava + stylo PET T13ab 7.00b 10027
S.E.M. 274 0.72 1.26

AValues in the same column followed by different letters are significantly different

(p = 0.05)
BStem 4+ petiole 4 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 DM, 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 DM, yield by 13.9%
compared with the cassava sown without stylo.
Application of fertilizer PK or PKT to the cas-
sava + stylo plots alleviated this yield reduc-
tion. The change in tuber D.M. vield was due
mainly to the tuber number, to a lesser extent
to tuber diameter, whercas tuber length had no
significant effect.

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

The cassava + 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 ¢xert 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 vield and
that the calculated optimal density for maxi-
mum vyield was 1.60 plants/m?. The present
study confirmed this finding, and showed that
tuber D.M. yield can be increased by 26% by
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increasing the cassava density from 1.78 to
2.67 plants/m?, provided the latter is under-
sown with stylo. The stylo might contribute
some nitrogen (Anonymous 1967), but not
enough to maximize yield. The greater tuber
D.M. yield of cassava fertilized with nitrogen
than cassava undersown with stylo supports
this suggestion.

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

Experiments are now underway in Bali to
study the effect of livestock manures, different
species of tropical legumes, graded levels of
potassium and sulfur, and density-fertilizer
combinations on the vield of cassava under-
sown with stylo, Factors such as frequency and
height of cutting the stylo merit further study.
It is anticipated that knowledge from the cas-
sava-stylo work will contribute to the current
research input, which according to Nestel
(1974}, is still too low in terms of the value of
cassava and its growth potential,

The authors wish to express their appreciation
to the Governor of Bali province for the CESS
Grant for financial support, and the Dean of
Faculty of Veterinary Science and Animal Hus-
bandry, Udayana University for facilities. The
assistance of Mr Kusumah, Mr Kreped, Mr
Wiradnya, Miss Indrawati, and Mr Ngenteg for
technical work and Miss Astri for (yping are
acknowledged with pleasure.
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Effect of Potassium on Tuber Yield and Nutrient Uptake
of Yams

G. 0. Obigbesan, A. A. Aghoola, and A. A, A. Fayemi'

The highest tuber vields of D. cavenensix and D. rorundara (var. aro) were produced
using 30 kg K.O/ha, whereas D. alara and D). romndata (var, efuru) gave optimum
performance with 60 kg K-:0/ha. Yield differences due 1o varieties were significant in both
years of the experiment, bul significant responses to K application were obtained only in
the 1975 experiment at the farm site where the exchangeable soil K was 0,151 meg/ 100 g.

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

Yams, Dioscorca spp., constilule a major
staple food in the African diet, and are of soci-
oeconomic 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
25 t/ha) vams 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 MNaira in-
dustry in Nigeria, which produces about half
of the world’s total supply on approximately
1.7 million ha (FAQ 1974). Yam cultivation is
done mainly by peasant farmers who have been
advised by the Ministries of Agriculture to
apply a complete fertilizer at the rate of 376
kg/ha for yam and all other crops {Anony-
mous 1962, 1963). However, it is essential 1o
establish the response of yvam varieties to
fertilizers under different soil fertility levels,
because ecarlier works (Obi 1959, Baker 1962,
Sobulo 1972) did not give this sufficient atten-
tion, Our work investigated the performance of
different vam wvaricties under different soil
fertility levels.

Materials and Methods

Four commonly grown vams: D. rotundata
{var. efuru); D. rotundata (var. aro): D. alara
(water yam); and D, cayenensis (yellow yam)
were obtained from the local market and
planted as early yams on 19 December 1973
and 12 January 1975. The first experiment
e T

1Department of Agronomy, University of
Ibadan, 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
em 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 yamn 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 am-
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

0. alata usually shed its leaves and dried up
carliest, whereas D. cavenensis retained its
leaves longest and matured last. In the 1975
experiment, there was a premature shedding of
leaves, and all the D). alata plants dried out as
carly as July, The leaves showed characteristic
insect damage symptoms, but leaf samples
taken for microbiological examination re-
vealed the causative agent to be Cercospora.
The leaves of D. rotundata and D. cavenensis
were resistant to this fungus. At harvest in
1975, some of the tubers of D. rotundara (var.
efuru) were rotten, whereas tubers of D,
cayvenensis and D, alara 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. Effect of K fertilization on tuber vields
of yams (1974).

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

Considerably lower tuber yields were ob-
tained in the 1975 experiment, These low yields
were probably due to the poorer nutrient status
of the experimental site and Cercospora attack
on D. alara. However, there was a generally
significant response to K fertilizer with signifi-
cant interactions among the varieties. As in the
previous year's result (Fig. 1), D. cayenensis
significantly outyielded the other species ( Fig.
2).

Response to K in 1975 was rather incon-
sistent (except for D. alata) although there
was a definite trend of yield increases due to K
application. D. rotundata (var. aro) and D.
cayenensis gave highest yields when fertilized
at 30 kg 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
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yields from fertilizer treatments were signifi-
cant.

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

Nutrient Removal

The average nutrient contents for the yam
species are shown in Table 1. The data reveal
that among the yam species, D, alata tubers
without the peel had the highest crude protein
(8.26%, on dry weight basis) and mineral
content, whereas . cavenensis had the lowest
protein (5.19% ) and lowest mineral content.
The two varieties of D. rotundata (aro and
efuru) also showed distinct differences in nu-
trient composition. The highest values were
recorded for D, rotundara (var, efuru),

The nutrient levels obtained in this work are
comparable to those reported by Ferguson
{1969) who found that tubers of D. alata con-
tained about 1,355 N (dry weight basis) and
produced the lowest amount of dry matter
(24.9% ). The dry matter production of D.
rotundara (var. efuru), D, rotundata (var.
aro), and D, cavenensis was 32.9, 34,4, and
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Fig. 2. Effect 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 N P K Ca Mg
D. alata unpeeled tuber 1.42 0.187 1.79 0.031 0,088
peeled tuber 1.32 0.129 1.55 0.02
D. rorundata unpeeled tuber 1.28 0.150 1.45 0.032 0.088
(var. efuru) peeled tuber 1.22 0.124 1.33 0.02
B, rotundata unpeeled tuber 1.15 0.148 1.27 0,028 0.092
(var. ara) peeled tuber 1.12 0.130 1.17 0.015
D. cayenensis unpeeled tuber 0.91 0.127 1.19 0.025 0.086
peeled tuber 083 0.098 0.93 0.015
Table 2. Nutrient removal (kg/ha) through the tubers of the yam species.
Average _dry Average nutrient removal (kg/ha)
matter yield
Yam species (kg /ha) N P K Ca Mg
D, alata 9034 128.3 16.9 161.7 28 7.9
D, rotundara (var, efuru) 12133 155.3 18.2 175.9 i9 10.7
D. rotundata (var. aro) 12197 140.3 18.1 1549 34 11.2
D, cayemensis 15255 138.8 19.4 181.5 1.8 13.1

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: (1) nitrogen and potassium are the most
important nutrients removed from the soil and
deposited in the tubers; and (2) yam species
have different nutrient requirements. At the
yield 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 (215 N), 114 kg single super-
phosphate (18% P,0.), and 333 kg muriate
of potash (60% K,O) per hectare,

Discussion

Soil analysis showed that the K nutrient
status of the 1974 experimental site was higher
(exch. K = 0.218 meg/ 100 g) than that of 1975
(exch. K = 0.15] 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 arca cleared from bush that
had lain fallow (Imperata 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

fertilizer when the level of exchangeable K is
greater than 0.15 meq/100 g socil on newly
cleared land.

Our work agrees with the observations made
by Heathcote and Stockinger (1970), in sa-
vanna areas of northern Migeria, that cereal
crops responded to K fertilizer when the ex-
changeable K fell below 0.2 meq/ 100 g soil and
of Forde et al. (1966), in southern Nigeria,
that the minimum requircments 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 altack indicates
the differential susceptibility and resistance of
the yam species. D. ecayenensis with thicker
cutinous foliage was not affected by the disease.
Many of the twbers of D. rorundara (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, cavenensis (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. cavenensis;
189 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. alara contained even
higher amounts of essential amino aecids than
that of . cayenensis. This is of significant in-
terest to Nigerians who have a preference for
using . 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 rapidiy
deplete the soil of its nitrogen and potash re-
serves (Table 2), The danger might not be as
imminent in soils derived from metamorphic
parent material rich in K reserve, e.g. in the
savanna zone of western Nigeria, as in soils
of sedimentary origin, e.g. rainforest zone of
southern Nigeria, which are known to be very
low in potash (Smyth and Montgomery 1962).

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

The authors appreciate the skillful assistance
of P. 5 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 differential
effects of KCI and K,50, on cassava rool yvields. At Pance, where soil S50,=-5 content
was 9.0 ppm, there were no differences in vields between KCl and K50, plots, but at
Carimagua and Tranquero where soil S0, =-5 content was 4.0-4.5 ppm, K 50, produced

1Cornell University, Ithaca, N.Y.: CIAT, Cali, Colombia; and Cornell University, respectively.
Present address of the senior author is Soil Research Institute, Kwadaso, Kumasi, Ghana, This
study was financed by Cornell University, the Ford Foundation, and Centro Internacional de

Agricultura Tropical.
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significantly higher root yields than KCl. A KCI 4 5 ‘source’ produced yields equal to
those produced by K.S0, at equivalent rates of potassium.

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

Cassava has been reported to respond well to
potassium fertilization by several investigators;
however, vield depressions have also been re-
ported at potassium rates higher than 200 kg
K.0/ha applied in the form of KC! (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:
(1) to investigate the differential effects of two
potassium sources, potassium chloride and po-
tassium sulfate, on cassava root yields; and (2)
to evaluate the main effects of sulfur on cassava
root yields obtained from highly weathered
soils,

Materials and Methods

Three experiments were conducted in Co-
lombia at Pance, Carimagua, and Tranguero.
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 m. The mean annual
rainfall of the area is 1800 mm and the mean
annual temperature is 26-27 *C. Tranguero is
located 10 km North of Carimagua. The soil
at Carimagua has been classified as a clayey,

kaolinitic isohyperthermic typic haplustox
{Maderman 1973). The soil at Tranguero 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,50,) 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 KC| + S ‘source’
was included at Tranquero to investigate the
effects of the sulfur contained in K.S0,.
Elemental sulfur was applied in amounts equiv-
alent to the sulfur content of each rate of po-
tassium applied as K.SO,,

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.O,/ha at Carimagua and Tran-
quere. Lime, which had a Ca/Mg ratio of
10/1.0 was applied at a rate of 0.5 t/ha at
Carimagua and Tranguero. Zinc was applied
at a rate of 5.0 kg/ha as ZnS0,. Potassium,
nitrogen, and sulfur (at Tranquero) were split
applied in double bands, half at planting and
half 2 months later at Pance and Carimagua.
The second application was made 1 month
after planting at Tranguero 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 1. Characteristics of the soils at Pance, Carimagua, and Tranguero (0-15 cm),

P Al Ca Mg K
O.M. {Hm}' II] S‘D":-S tﬂ‘ﬁq," {mﬁ_‘ll,." {mql_-' :’m-l,r
(1:1H (%) (ppm)  (ppm) 100 g) 100 g) 100 g) 100 g)
Pance 36 50 24 9.0 — 9.7 570 0.11
Carimagua 4.8 50 0.9 4.0 7 0.3 0.30 013
Tranguero 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 Tranguero.

Pance Carimagua® Tranguero
Total Total Total
K plant Root plant Root plant Root
K rate fresh wi yield fresh wi yield fresh wit yield
source (K:0kg/hay  (t/ha) (t/ha) (t/ha) (t/ha) (t/ha} (t/ha)
KCl 0 420 29.0 —_ —_ 17.2 9.5
60 47.6 30 8.5 4.5 19.4 11.4
90 — — 9.0 5.0 — —
120 54.8 £0.0 8.5 4.8 244 15.7
240 65.8 44.3 8.5 4.5 1.7 13.9
K50, 1] 6.6 1.3 — - s —
60 49.6 35.5 14.5 9.0 232 13.8
90 — g 15.0 2.0 —_— —
120 61.3 423 15.0 9.5 25.8 15.8
240 625 434 18.0 11.5 30.3 19.0
KCl+5 &0 —_— = — — 248 16.1
120 — = = — 228 15.2
240 o o p— — 9.3 18.4

aThere was a scrious outbreak of cassava bacterial blight 2 months after planting.

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 10000
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 1 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 Pance
and 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 vield were
also determined. A marketable root weighed
approximately 250 g. Leaf samples were taken
for N and K analysis. Samples from Tranguero
were also analyzed for sulfur. The fifth opened
leaf from the top was the sample leaf. Root
samples were taken at Tranquero, at harvest,

for N, K, §, 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 al
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 blade sulfur by the turbidimetric method
of Tabatabai and Bremner (1970). Root sulfur
and chloride contents were determined by the
Analytical Service Laboratory, Department of
Agronomy, Cornell University.

Results
Growth

Plant growth was vigorous at Pance and
there were no significant differences in height
between plants in plots receiving potassium as
K.50, and those receiving potassium as KCL.
At both Carimagua and Tranguero, plants in
plots fertilized with potassium as K.50, were
significantly taller than those receiving potas-
sium from KCL 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 (meg,/100 g)

N content Size of
Leal blades Petioles Roots of roots (77)  roots (g)
K K rate
source (K:0kg/ha) Pance® Tranguero® (Tranguero)” (Tranguero)® (Tranguero)® (Tranguero)®
KCl 0 12.8 25.6 10.2 .7 o.M 226
60 18.7 3.0 41.0 128 0.62 17
120 18.7 422 56,3 15.9 0.64 341
240 20.5 422 66.6 18.0 0.54 20
K350, o 14.0 — — e — —_
60 154 KT | 333 14.6 0.51 300
120 17.4 41.0 550 18.4 0.43 110
240 5.6 422 64.0 20.5 0.47 375
KCl+ 8§ 60 371 T 12.8 0.44 343
120 = 410 6.3 17.0 0.54 300
240 422 56.3 17.0 0.46 328

a5ampled 24 weeks after planting.
bSampled 12 weeks afer planting.
tSampled 38 weeks after planting.

Tranguero, plant fresh weight was significantly
higher in plots receiving potassium as potas-
sium sulfate than that obtained in plots re-
ceiving potassium as potassium chloride. Plant
fresh weight production increased with in-
creasing rates of potassium when K.50, was
the potassium source but decreased at the high-
est rate of potassium when KCl was the po-
tassium source at Carimagua and Tranquero
but not at Pance. The KCI + S ‘source’ pro-
duced amounts of fresh plant material equal
to those produced by the K,S0, source at
equivalent potassium rates.

Root Yield

Potassium fertilization increased cassava
root yields significantly over those of control
plots at both Pance and Tranquero (Table 2).
At Carimagua there were no control plots and
rates of potassium higher than 60 kg K.,O/ha
did not produce significantly higher root yields
than the 60 kg/ha rate (Table 2). The
K.80, source produced significantly higher
root yields than the KCl source at both Cari-
magua and Tranquero but not at Pance. The
KCl + 5 ‘source 'produced yields that were
equal to those obtained from plots receiving
potassium as K.S50,. This indicated that the
main reason for the superiority of K.50, over
KCl as a source of potassium for cassava at
Carimagua and Tranquero was its sulfur con-
tent.

There was a depression in cassava root yields
at the highest rate of potassium applied as KCI
at Tranguero, but this did not occur when
K.50; or KCl + 8 were the sources of po-
tassium, Cassava root yields at Pance and
Tranquero were positively correlated with total
plant fresh weight produced per hectare,

Harvest Index

At Carimagua, plants receiving potassium as
K.S50; had higher harvest indices than those
receiving potassium as KCI. Harvest index re-
mained relatively stable at all rates of potas-
sium applied as K.50, at Carimagua, but de-
creased at high rates of potassium when KCl
was the potassium source, This difference could
be attributed to the fact that CBB was initially
more severe in KCI plots because of the less
vigorous growth of the plants. Harvest index
was not significantly affected by potassium
sources or rales of application at Pance and
Tranquero.

Root Number

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

Root Size
The size of cassava roots was increased by
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Table 4. Influence of potassium sources and rates of application on sulfur and chloride contents
and nitrogen /sulfur ratio of selected plant parts sampled at Tranguero.
Sulfur content {(9) Chloride M/S ratio
content
i e Leaf blade Roots  ofroots(%0)  peafblade Roots
ra
source (K Okg/ha) 12whks* 24 wks (38 wks) {38 wks) 12 wks 24 wks (38 wks)
KCl 0 0.27 .34 0,06 0.05 1.7 15.1 12.0
60 0,30 0.54 0.06 0.07 15.9 15.2 10.0
120 0.27 0,30 0.05 0049 18.9 169 128
X0 0.2% 0.29 .06 011 16.7 17.2 9.0
K.50, 60 0.37 0.37 0.06 0.05 12.8 13.7 RS
120 0.37 0.33 0.06 0.06 13.6 15.2 7.2
230 037 0.33 0.06 0.06 13.6 14.8 1.8
KCl 45 60 0.31 0.38 (.05 0.06 16.1 13.3 8.8
120 0,29 0.32 0.06 0.07 17.8 16.2 9.0
240 0.30 035 0.05 009 17.0 15.1 9.2

sNumber 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 K.50, source produced consistent in-
creases in root size with increasing rates of
potassium fertilizer.

Percentage Marketable Root Yield

Potassium fertilization increased percentage
marketable root yield from 70 to over 80%,
but the difference was not significant. There
was no significant difference among potassium
sources in percentage marketable root yield al-
though it was consistently higher in plots re-
ceiving potassium as K,50, compared to KCl
plots.

Potassium

Leaf blade and petiole potassium contents
are presented in Table 3, along with potassium
contents of cassava root samples from Tran-
quero. There was a generally good relationship
between soil applied potassium and the po-
tassium contents of the plant parts sampled.
Petioles seemed to be more sensitive than either
leaf blades or roots in detecting changes in the
potassium status of cassava plants in relation
to soil applied potassium fertilizer. The potas-
sium contents of leaf blade samples from Pance
were lower than those of leal 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 (ltallie 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 Trangquero, which showed a
marked reduction in nitrogen content as a re-
sult of potassium fertilization.

Sulfur

During the dry season, 8-20 weeks after
planting at Trangquero, cassava plants in con-
trol plots and plots fertilized with potassium
as KCl 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.50; and KCl + §
produced large green leaves.

The sulfur content of leaf blade samples
taken 12 weeks after planting increased when
K.S0, and KC| + S were the sources of po-
tassium, but changed little when KCl was the
potassium source (Table 4). At 24 weeks,
leaf blade samples from plots receiving po-
tassium as KCl showed a slight decrease in
sulfur content compared to samples from con-
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trol plots. Samples from plois receiving po-
tassium as K.50, and KCI 4+ § 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.8S0, and KCl + §
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 KCl (Table 4). Root samples from plots re-
ceiving potassium as K.50, had relatively
stable chloride concentrations at all rates of
potassium. Root samples from plots receiving
potassium as KCl + 5 showed increasing
chloride contents with increasing potassium
rates but to a lesser extent than those from KCl
plots.

Discussion

The general superiority of potassium sulfate
over potassium chloride as a source of potas-
sium for cassava at both Carimagua and Tran-
quero was due mainly to the sulfur content of
potassium 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 prowth or vields
between planis in plots receiving polassium 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 et 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 Me-
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
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soils with available sulfur contents of less than
6.0 ppm. When soil S0=,-8 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 KCl + 8 were equal to
those oblained from plots receiving potassium
as K.50, despite the higher chloride content
of roots from KCl 4+ S plots (Table 4).

The great difference between cassava root
yields obtained at Pance and those obtained at
Tranguero was principally a resull of the dif-
ferent ecological conditions encountered at the
two sites. At Pance, besides the higher soil
fertility status. the climatic conditions were
more favourable for plant growth. Rainfall
distribution was better than at Tranguero
where the plants endured a severe dry scason
of 3 months. At an altitude of 1000 metres,
temperature conditions were more moderate
than the 26-27 *C mean annual temperature
of the Tranguero area. This would enable more
carbohydrates to be accumulated in roots
{higher harvest index) at Pance than at Tran-
quero where respiration would be higher. Thus,
although the same cultivar was used at hoth
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 vields being pro-
duced at Pance than at Tranguero,

The filth opened leal 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/§
ratios of these plant parts were narrowed con-
siderably. This could mean that there was an
increase in the proportion of sulfur bearing
amino acids in cassava leaf blade and root pro-
tein since most plant sulfur has been reported
to be in the protein form (Stewart and Porter
1969). There is need for a more comprehen-
sive investigation on the effects of sulfur fertil-
ization on the nutritional quality of cassava
leaf and root protein,
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V 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 the
Llanos Orientales of Colombia due 1o its tolerance to soil acidity. Large numbers of
varicties have been screemed for acid soil tolerance in plots receiving various amounts
of lime, Most varieties responded positively to only minor applications of lime while
showing a marked negative response to high liming rates. In a lime = minor element trial
it was shown that liming significantly reduced the uptake of Zn, Mn. Cu. and B and that
high liming rates reduced yields by inducing the deficiency of Zn and possibly Mn and B.
Cassava appears to have a very high reguirement for Zn,

In an experiment studying the effect of lime on P-uptake, cassava responded to P
mainly at low liming rates, whereas at high liming rates the response 10 P was reduced.
Thus, liming may improve the availability of soil P and reduce the fixation of applied
P. At low liming rates cassava responded markedly to applications as high as 200 kg
P.O./ha as TSP: the basal application was consistently superier to a split application,
while the method of application did not affect vields significantly,

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

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

cultural production because of extreme soil
acidity and infertility. Soils with similar charac-
teristics are found in large areas of the
Venezuelan Llanos and the Campo Cerrado of
Brazil. Presently they are utilized mainly for
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Fig. 1. Effect af liming on the average vield af
134 cassava varieties. the 20 best varieties, and
the highest yielding variery CMC 172,

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

During several years of investigation at
Carimagua, a rescarch 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 varicties are extremely susceptible to soil
acidity. The acid-soil tolerance is very im-
portant considering the high cost of transporta-
tion of lime in an area where roads are nearly
nonexistent.

Materials and Methods

The soils where the experiments were con-
ducted are classified as oxisols (Guerrero
1971), 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 I: The Response of 134
Cassava Varieties to Application of Lime
To evaluate the acid-soil tolerance of cas-
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Fig.2. The response of cassava to lme with
and without the application of 20 kg/ha of Zn.

sava, 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 MgQO with a milliequiv-
alent Ca:Mg ratio of 10:1. The plots were
fertilized with 140 kg N, 100 kg P.O,, 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-
lems of cassava bacterial blight (CBB) and
supcrelongation,

Experiment 11: The Interaction of Lime
and Minor Elements

To study the effect of lime on minor element
availability, the same four lime treatments as
described under experiment [ 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 mangancse sulfate, 2 kg B/ha as R-64,
and 200 g Mo/ha as ammonium molybdate. A
constant fertilization consisted of 100 kg N,
100 kg P.O;, and 200 kg K.O/ha applicd as
urea, TSP, and KCl + K.50, (1:1), respec-
tively. Chirosa was used as the test variety and
harvested at 10 months.
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Experiment I11: 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 fertilized
with N and K as described in experiment 1
and harvested after 10 months. Chirosa was
used as the test variety,

Experiment 1V: 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.O./ha in the
main plots were combined with two times of
application (100% at seeding and 509 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 1 of lime/ha
and 100 kg N and 200 kg K.O/ha as urea and
KCl + K.S0,, respectively. Llanera was used
as the test variety. The trial was harvested after
10 months,

Results and Discussion

Experiment 1
The application of 0.5 t lime/ha did not
have much effect on pH or exchangeable Al

115

content but was meant mainly to supply Ca
and Mg for crop growth, With the application
of 6 t lime/ha the pH increased to 5.3 and the
Al decreased to 0.8 meq/ 100 g, a level at which
most crops do not suffer from Al toxicity.

Fig. 1 shows the average response to liming
of 134 varieties, the best 20 varieties, and the
highest vyielding wvariety, CMC 172, Some
varictics showed a positive response to 2 1
lime/ha, but the majority showed a positive
response only to 0.5 t lime/ha with a marked
negative response to higher lime applications.
At high lime application rates many varieties
were stunted and had chlorotic and deformed
growing points,

Analyses of the uppermost fully expanded
leaves of four varieties showed that liming in-
creased the Ca and Mg contents while de-
creasing the K, Mn, and Zn contents. Zinc
levels were in the deficiency range (<2 50 ppm)
at all liming rates, but were low enough to re-
sult in deficiency symptoms (< 20 ppm) only
at the highest liming rate. Thus the problem
appeared to be a lime-induced Zn-deficiency.

Experiment 11

Fig. 2 shows the response of the Chirosa
variety to liming in the absence and presence
of soil-applied Zn. Although yields are rather
low due to a CBB attack later in the growing
season, it is clear that this variety responded
positively to liming up to 2 t/ha in the absence
of Zn and up to 6 t/ha in the presence of Zn,
The high Zn treatment was the only minor
clement treatment resulting in a positive re-
sponse beyond 2 t/ha of lime. This confirms
the observation that the yield reduction at high
lime levels was due to induced Zn-deficiency.
Leaf analyses at 2 months of age again showed
that Zn, Mn, Cu, and B levels declined with
liming. Zn levels in the absence of soil-applied
Zn were relatively high in this variety, but
reached deficiency levels at the 6 t lime treat-
ment. No deficiency symptoms were observed.
In the 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 due to
minot element treatments at the highest lime
level indicated that the application of each
minor element except Mo increased vields, 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



=z
T
o
[=
=1

=

£

i~

Dogfe—

2 Il1""".:. .

= a

> \ —

o

© 1]
. L " i
0.4 4 8 16

Lime apphcation (t/ha)

Fig. 4. The response of cassava to the applica-
tion af lime and phospharus (numbers on the
curves indicate P application rates in kg P20,/ ha).

kg/ha soil-applicd 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 o respond positively to
liming, like other crops tested, but appears
highly susceptible to deficiency of Zn and pos-
sibly other minor ¢lements. Still the crop grows
well with no or little lime applied in com-
parison with corn and beans {CIAT 1972).

Experiment 111

Fig. 4 shows the response of the variety
Chirosa to lime and phosphorus application.
Although yields are low due to disease prob-
lems and an early harvest, it is clear that the
crop responded positively to only the low lime
treatment of 0.4 t/ha with a negative response
to higher liming rates. This again is due to
lime-induced Zn deficiency.

At the low liming rates there was a clear
response to the application of P, 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 I'V

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
P.O;/ha. The basal application of all the P at
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Fig. 5. The response of cassava to five levels
and twa times 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 eclement (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 1o 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 series
at seven levels of phosphorus concentrations in a soil selution ranging from 0.01 10 1.6

ppm P.

Differential response and external P requirement were apparent between the cultivars.
At 0,01 ppm P, over 70% of the maximum vield was obtained with the three cultivars.
Yields of 95% occurred at 0.05. 0.10, and 0.15 ppm P, respectively, for the cultivars

Tib 3, Tib 4, and Tis 2534,

Tissue phosphorus concentrations of 0.22% in the blade and 0.08% in the petiole
of the index leafl at 9 weeks after planting appeared to be sufficient for 95% vyield for the

three cultivars.

The phosphorus response of sweet potato
has generally been reported as small or in-
significant; however, in some instances, large
responses of 50% and above have been ob-
served. Soil data are usually not included in
these reports, so meaningful generalization is
difficult.

Fox et al. (1974) attempted to determine
more generally applicable parameters, basing
their experiments on soil solution criteria,
rather than on rates of fertilizer applied. They
observed that sweet potato yielded 75 and 95%
of the maximum yield with 0,003 ppm P and
0.1 ppm P in the soil solution concentration,
respectively.

The work presented here uses the soil solu-
tion criteria to determine the phosphorus re-
quirement of three sweet potato cultivars in a
pot experiment,

Materials and Methods

The experiment was conducted as a ran-
domized complete block design with three
replications. Three sweet potato cultivars Tib 3

nternational Institute of Tropical Agricul-
ture, PMB 5320, Ibadan, MNigeria. Part of MSc
thesis presented by the senior author, University
of Reading, Reading, UK.

{early maturing, relatively low yielding), Tib 4
{intermediate maturing), Tis 2534 (late ma-
turing, high vielding), and 7 external phos-
phorus concentrations were studied in the ex-
periment.

Twenty kilograms of a Shante soil series
{Quartzsipsamment, USDA) was used per pot,
The soil has the following properties: loamy
sand texture; pH 5.8, Org. C 1.2%; CEC 3.04
meq/ 100 g; Bray P 3.3 ppm. Phosphorus
i fincly ground single superphosphate) was ap-
plied at planting at rates of 0, 3, 6, 8, 12, 15,
and 28 ppm P. These rates were based on the
phosphorus absorption isotherm of the soil to
provide eguilibrium soil solution concentra-
tions of 0.01, 0,025, 0.05, 0.1, 0.2, 0.4, and
1.6 ppm P. Each pot also received before
planting 100 ppm N, 10 ppm 8, 150 ppm K,
and 2 ppm Zn as NH,NO,, (NH,).50,, KCI,
and Na, EDTA. A further 25 ppm N as
NHNO;, 50 ppm K as K.50,, and 10 ppm
Mg as MgS0O, were added 10-12 weeks after
planting (WAP).

Six plants were planted per pot and watered
with deionized water. At 4 WAP plants were
staked. One plant was harvested from each pot
at 3, 5, 7, and 11 WAP. For each treatment,
plants of the three replications were combined,
separated in leaf blades, petioles, and stems,
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and dried at 65 “C for dry weight phosphorus
determination. At 9 WAP, index leaves con-
sisting of the 4th fully expanded leaf from the
top were collected from 8 vines per pot. They
were separated in leaf blades and petioles, and
dried at 65 “C. The remaining two plants per
pot were harvested at 19 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, 11, and 19
WAP (data not presented). Although there is
a tendency for the dry weight of the plant parts
to increase with phosphorus application, no
significant differences were observed between

the treatments due to the high variability of the
results,

The dry weights of the plant parts as aver-
aged for the various phosphorus treatments
are shown in Fig. 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 o phosphorus, only 73% of
maximum yield was obtained from the control,
compared with 78 and 88% for cultivars Tib
4 and Tib 3, respectively. All these responses
are relatively low, and are in agreement with
the findings of Fox et al. (1974). The 95%
yield levels for cultivars Tib 3, Tib 4, and Tis
2534 occur at fertilizer levels designed to give
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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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

209 , while that of each of the other two culti-
vars was 30%.

Phosphorus Concentration in Plant Tissue

Mo 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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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 uscful index, This is also in
agreement with results obtained from field
trials conducted at IITA (de Groot et al., un-
published data). In gencral, 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 peticle and about 0.22% P in the leaf
blade is sufficient for 95% vyield, but thesc
figures may be slightly higher than the eritical
levels. Spence and Ahmad (1967) quote 0.1%
P as the deficiency threshold for sweet po-

tatoes. However, they used whale 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 889 of the maximum vield 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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blades of index leaves at 9 WAP indicates that
phosphorus is not limiting, though a slightly
lower value may be sufficient. The petiole is
suggested as a better index than the leaf blade
for monitoring phosphorus status by tissue
analysis.
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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. Hrishi'

Exploitation of hybrid vigour in cassava showed the genctic potential for nutrient
utilization and improvement of the total biological yield.

Significant tuber yield increases were obtained by the application of farm vard
manure in combination with nitrogen, phosphorus, and potash. Farm yard manure with
nitrogen, or a combination of nitrogen, phosphorus, and potash were the next best
treaiments. The lowest tuber yields were recorded in the phosphorus or potash treated

plots,

Bitterness of the tuber was increased by the application of farm yard manure and

nitrogen, whereas potash reduced it.

Several cassava hybrids cvolved at the
Central 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 exhaustive
crop, and the soil becomes depleted very
quickly by repeated cultivation. Therefore, it
is essential to maintain productivity of the
soil so that the genetic potential of the hybrids
for high yields can be exploited. In a trial con-
ducted with varying levels of farm yard
manure (FYM) ranging from 0 to 25 t/ha,
the tuber yield increased significantly up to
15 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 another
trial conducted with varying levels of potash
{0-150 kg K.O/ha), tuber yield was signifi-
cantly increased up to 100 kg K.O/ha,
beyond which there was a gradual decline in
yield. 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 for
maximizing the yield of promising hybrids
(Mandal et al. 1971, 1973; Mohan Kumar et
al. 1971). The present investigation was un-
dertaken to determine the response of cassava
to FYM and NPK alone and in combination
on growth, yield, and quality of cassava.

Materials and Methods

A replicated manuring experiment was con-
ducted during 1973 and 1974 using the hybrid
H-226 on the Institute farm where the soil is
an acid laterite. The treatment combinations
were as follows: (1) FYM, N,P.K, alone; (2)
N+PN+KP+K,andN+P+K:(3)

1Central Tuber Crops Research Institute, Tri-
vandrum, 695017, India.

FYM plus either N, P, K, NP, NK, PK, or
MNPK; and (4) control (no manure).

Farm yard manure (12.5 t/ha) and NPK
(100 kg/ha) cach were applied in respective
treatments. Planting was during May/ June
and harvesting during February/March (10
months after planting).

Observations on plant height and number of
leaves produced and retained per plant were
taken at different stages of growth. Data on
number of tubers per plant, mean size of
tubers, and the tuber yield (t/ha) were re-
corded at harvest. Qualitative characteristics
like carbohydrate content, HCN content, and
cooking quality of tubers were analyzed by
standard methods.

Results and Discussion

The observations on plant height, total
number of leaves produced per plant, and the
number of leaves retained were taken during
growth and at maturity.

Plant Height

Application of nitrogen alone or in combi-
nation with P and K significantly increased
plant height. Further significant increase in
height was achieved by the addition of FYM.
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 in
treatment FYM + NPK. The effect of N alone
and in combination with P or K was also pro-
nounced, whereas the application of K alone
recorded the lowest leaf production (214 per
plant) i.e. 33% reduction over FYM + NPK
(Fig 2a, b).
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height.

Tuber Yield, Size, and Number

The mean tuber yield, tuber size, and tuber
number per plant are presented in Table 1. It is
clear that N alone or in combination with P
or K has a significant effect on tuber yield.
Similar trends were observed in the case of
tuber size, which agrees with the reports of
Singh et al. (1973) in Dioscorea alata. A
significant effect of K on production of more
tubers was also observed (Table 1). The en-
hancement of tuber production with the ap-
plication of K was recorded by Dean (1971)
for sweet potato. However, the treatment
FYM (12.5 t/ha) + NPK (100 kg/ha) gave
a significant increase in yield over other treat-
ments.

EFFECT OF FARM YARD MANURE
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Fig. 2. Influence of various treatments on (A)
total number of leaves per plant and (B) number
of feaves retained per plant.

HCN and Starch Content of Tuber

The data on tuber analyses (Table 2) re-
veal that the HCN content of the tubers was
increased in treatments FYM, N, and FYM +
N, whereas the starch content of the tubers
showed an increasing trend with the applica-
tion of potash. Similar observations of in-
creased levels of HCN in cassava tubers with
FYM application were recorded by Thomas
Kurien et al. (1975).

Cooking Quality of Tuber
Organoleptic tests on cooked tubers indi-

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

O/FYM N P K NP KK PK NPEK S.E.

Tuber yield (t,/ha)

Without FYM 15.8 18.7 17.0 15,2 19.7 224 18.1 24.0 +0.655

With FY'M 18.6 2449 18.6 18.2 24.1 12 21.6 7.1 +1.84
Tuber size (2)

Without FY'M 187 235 205 170 262 253 184 276 +8.94

With FYM 220 299 13 206 4 95 240 204 +25.10
Tuber no./plant

Without FY M 502 5.04 531 5.63 564 619 6.15 6,27 40227

With FYM 552 5.78 5.61 6.05 597 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 K NP NK PK  NPK S.E.

HON (ug/g)

Without FYM 103 175 98 68 158 105 75 o8 +234

With FYM 113 180 120 B3 173 135 85 120 +6.75
Starch content (73)

Without FYM 257 24.0 25.8 26.4 24.3 26.3 na 25.1 +0.49

With FYM 25.1 25.0 254 26.7 24.7 27.7 27.9 254 +1.4]

cated that N alone or FYM <+ N gave a bitter
taste and a harder texture. On the other hand,
K alone or P 4+ K gave a nonbitter taste and a
softer texture.

It may be concluded that though nitrogen
significantly increased the tuber yield, it con-
siderably affected cooking guality, particularly
taste. However, the addition of P + K to N im-
proved the quality.

The authors are thankful o Smt K. R,
Lakshmi for helping in statistical analysis of the
data and 1o Shri C. 5. Antonisamy for preparing
the graphs,

Dean, E. Knavel. The influence of nirrogen and
potassiem nutrition on vine and roor develop-
ment of the ‘Al Gold' sweet porate at early
stapes of storage root enlargement, 1. Amer,
Soc, Hort, Sci. 96(6), 1971, 718-720.

Magoon, M. L., Appan, 5. G,, Krishnan, R., and

Mandal, R. C. Some promising high vielding
hvbrids and selections of cassava. SABRAO
MNewsletter, 2(1), 1970, 19-26.

Mandal, R. C., Singh, K. D., and Magoon, M. L.
Relative efficacy of different sources, levels and
split application of nitrogen in tapioca. Indian
1. Agro. 16(4), 1971, 449452,

Mandal, R. C., Singh, K. D., and Maini, S. B.
Effect of plant density, fertilizer level and shoot
number on tiuber yield and quality of tapioca
hybrids. Indian J. Agron. 18(4), 1973, 498-
503,

Mohan Kumar, B., Mandal, R. C., and Magoon,
M. L. Influence of porash on cassava. Indian J.
Agron. 16(1), 1971, 81-84,

Singh, K. D,, Mandal, R, C., and Maini, 5. B.
A note on effect of nitragen levels on tuber
vield and guality of Disscorea alara, Indian 1.
Agron. 18(1}, 1973.

Thomas Kuriyan, Maini, 5. B, Indira, P, and
Rajendran, N. Regulation af the levels of cyno-
penic plucocides in cassava. Wational Symp. on
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 more
tolerant than maize and soybean to low pH and high levels of aluminium and manganese.
The requirements for potassium, nitrogen, and calcium for maximum growth are
comparable to other crops. In the case of phosphorus, the needs are higher than other
crops. Mevertheless the data show that cassava tolerates low calcium, nitrogen, and
potassium in the root zone better than other crops. The plant has an ability to bulk roots

at low phosphorus levels,

Cassava has carned a reputation for being
well adapted to soils of low fertility. Thus, the

IDepartment of Agriculture, University of
Queensland, 5t. Lucia, Queensland 4067, Australia
(D. A. Forno, G. A. Gunatilika, A. K. M. §.
Islam, S. Jintakanon, C. E. Lee, and S. N, Spear
contributed to the research program).

ability of cassava to produce some yield, albeit
low, in subsistence agriculture systems on soils
of low [fertility status has contributed greatly to
its success over other staple food crops. Despite
claims that cassava cultivars adapted to low soil
fertility conditions show reduced ability to re-
spond to fertilizer application, the results of
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many experiments show that cassava yields in
low fertility areas can be raised substantially
through improved crop nutrition. Jacoby
(1965) reported strong differences among
cultivars in responsiveness to fertilizer appli-
cation, whereas Spain ct al. (1974) found
large differences in fresh root yields of cassava
cultivars grown at four different lime rates.

The major soils used for cassava production
in Latin America, Africa, and Southeast Asia
are moderately to strongly acid oxisols and
ultisols located in the tropics. In addition to their
inherently low 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 cullivars
(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 lip 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 technigue 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 effecis of a range of constant
solution pH's and constant concentrations of
Al, K, Ca, NO,, NH,, 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,
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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 conlinuously
to moderate or severe phosphorus stress, This
technique referred 1o 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

Effccts 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-
cenlrnf'tun 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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Fig. 1. Effect of nutrient solution pH on relative
vield ef cassava, maize, and tomaro.

solution pH was maintained at 4.2 = 0.1 for
the duration of the experiment. The response
curves indicate thal 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 exhibited
by any of the cassava cultivars, whereas the
roots of both maize and soybean showed severe
injury symptoms, notably stunted and irregular
lateral root development.
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However, considerable variation in yield re-
sponse to aluminium was found o exist among
the three cassava cultivars studied. Cultivar
CUQ2 achieved maximum vield at the high-
est aluminium concentration, while cultivar
CUQS5 showed considerable sensitivity to the
higher aluminium concentrations. All three
cultivars showed a positive yield response to
low concentrations of aluminium. The mech-
anism responsible for this effect is not known
despite a previous report of this effect in pas-
ture legumes tolerant to high selution alumin-
ium concentrations (Andrew et al. 1973).
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Table 1. External solution concentrations (wmol,litre)

of potassium, calcium, nitrogen (ammenium and

nitrate forms), and phosphorus required for maximal
growth of cassava and four other crops.

Element (or ion)

K Ca MH; N0y P
Cassava
lowest
conc. B9 10L(Zr  T(1)  525(})  SO06)
i 1
conc. 125(3) —  48%(5) S10ME) 127(6)
Soybean — 1035 — — 0.7
Maize g 3 7 52 3
Sorghum — 10 489 525 —
Sun-
flower 32 101 ' 525 —_—

SFigures in brackets indicate number of cultivars
reaching maximal growth at the specificd concentration.,

bBoth cultivars reached maximum yicld 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 cullivars 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 pM) 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
lcaf 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.
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Table 2. Relative yield of cassava and other crop
species at the lowest constant solution concentrations
{uM) used in various flowing culture experiments.

Element (or ion)

K Ca NHy NOy P
(0.5 (0.5) (04) (0.4) (0.05)
Cassava
mean 52 6% 40 20 18
range 3= — B-55 14-27 12-26
Soybean — 2 —_ — 34
Maize 36 2 T [ 21
Sorghum = 3 5 2 —
Sunflower 43 0.2 9 k] —

aRelative vield the same for each of the two
cultivars 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 cas-
sava and four other crop species are 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, cight of
the eleven cultivars only reached maximal yield
at the highest concentration studied (5100
pM), whereas none of the other crop species
required more than 525 uM for maximal yield
{ Table 1). In the case of phosphorus, the con-
trast between cassava and the other crops was
even greater. Indeed, the concentrations
needed for maximal growth (50-127 uM) are
higher than those of any other species reported
in the literature (Asher and Loneragan 1967)
with the possible exception of potato { Hough-
land 1947).
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Table 3. Concentrations of individual elements in the plant tops at the lowest
continuously maintained solution concentrations (sM). Plant concentra-
tions are expressed on a g/100 g dry weight basis,

Element {or ion)

K Ca MN{NH,) MNiMNO,) P
(0.5) (0.5) (0.4) (1.4) (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. na. 0.06-0.11
Soybean - n.d. _— = 013
Mauize 0.89 0.23 0.70 1.20 .10
Sorghum - 011 1.10 1.10 —
Sunflower 1.4 n.d. 0.90 110 —

MNoTE: n.a.—not available; nd. — not determined, insufficient material.

The much higher solution requirements for
phosphorus and nitrate exhibited by cassava
suggest that, for maximum growth, cassava
may require even 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 pM 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
265 of maximum yield in this treatment. In
the case of potassium, where the deficiencies
were not so severe in the other crops, cassava
achieved a generally higher relative vield.
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 ficld situations.

Tissue Concentrations at Lowest Solution
Concenirations

The concentrations of potassium, calcium,
nitrogen, and phosphorus in the plant tops at
the 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-
son of the plant tissue concentration data with
the vield data (Table 2) does provide a means
for assessing how efficiently the various nutri-
ent ¢lements 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
nol phosphorus. Thus, the association of lower
potassium concentrations in the tops of cassava
{Table 3) with higher relative yields (Table 2)
sugpests 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 much 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
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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 in g/ 100 g dry weight.

K Ca P

Cassava

mean 213 0.41 11

range 1.04-3.23 0.29-0.53  0.09-0.15
Soybean — 270 0.22
Maizre 4.30 0.20 0.42
Sorghum - 0.38 =
Sunflower 691 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 monoeotyledons 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 uM phosphorus (lintakanon, pers.
comm.}. At this concentration, the relative
vield 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) obscrved
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comparatively little decline in potassium con-
centration with age in the leaves of cassava
plants grown at the lowest solution potassium
concentration (0.5 uM), whereas both maize
and sunflower exhibited a strong gradient in
declining leaf potassium concentration with in-
creasing leaf age. Forno (pers. comm.) also ob-
served that the oldest one or two leaves re-
mained dark green compared with younger
leaves when cassava was grown at very low
external nilrogen concentrations (0.4 uM).
These observations suggest that cassava pos-
sesses an abnormally low phloem mobility
when compared with the other crop species.
They also suggest an adaptation to low fertility
conditions in that under 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
yvields of swollen roots were 76 and 44%, re-
spectively. A comparison of the vield of thick-
ened roots with top yields suggests that the
severcly stressed plants were considerably more
efficient in that they produced a greater yield
of swollen roots per unit weight of plant tops
than the control plants, even though the abso-
lute yield of roots was less, This compensation
represents another adaptive mechanism that
may explain 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 735 reduction in the yield of tops. In
fact, in the absence of the nonstressed control
and the moderately stressed plants, no basis
would exist for believing that the growth of the
severely stressed plants was anything other
than normal. This ability to match growth
rate to nutrient supply may well be important
in the success of cassava in low fertility soils,
but also makes it difficult, in the absence of
phosphorus rate experiments, to establish just
how deficient a crop really is under actual field
conditions.

Conclusions

Several features that may be associated with
the special adaptation of cassava to low fertility
situations, including high soil acidity, have
been identified. These include the ability to
maintain relative yields under low nitrogen,
potassium, and calcium, 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 some
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 the
success of cassava as a crop plant in poor soils.
Evidence is also presented that tolerance to low
pH per se, to high aluminium concentrations,
and possibly to high manganese are features of
importance in the adaptation of at least some
cultivars to highly acid soils. They suggest ex-
planations for the large differences in acid soil
tolerance among cassava cullivars reported by
Spain ct al, (1974).

Any advantages that cassava may possess by
virtue of the vertical or horizontal distribution
of roots in low fertility soils would not be re-
vealed in solution culture studies such as those
described here. Furthermore, any special
mechanisms that cassava may possess for
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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
aspeets 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 varieties
of cassava on Guvana's agriculturally poor but extensive peats and peaty soils, On the
peats, the four high vielding varietics, M. Mexico 59, M. Mexico 23, Del Pais, and M.
Colombia 673 gave fresh vields of 30.5, 19.3, 19.3, and 18.2 v/ha. respectively. On the
pealy clays, high vielding 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 vielding
varieties on both soils were Chinese stick (7.6 t/ha on the peats and 9.0 t/ha on the peaty
clay) 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 o yield, but
harvest index was correlated with vield on both soils. Useful matter (ratio of peeled/
unpecled root ) was not significantly different between varieties on both soils,

Immediately to the south of Guyana's
Coastal plain lic 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.
MNative 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
Soils
Field trials were conducted on two soil tvpes
{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

1Guvana Sugar Corporation Limited, George-
town, Guyana.

brown peat from the surface (0-15 em) and
varies from raw to semidecomposed peat-peaty
clay. Hydrogen sulfide is present from 0 to
122 e¢m. This peat has a high swell/shrink
ratio (509 or greater) and may be ignited
when dry (Mahadeo 1975). Inki clay consists
of a surface matt 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
carly 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 em for determination of
physicochemical properties. Samples were
taken at planting and following harvest (12
maonths later) to monitor soil chemical charac-
teristics.,

Varieties and Experimental Design

A total of 12 wvarieties 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
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Table 1. Physicochemical characteristics at the time
of planting of the two soils used to compare the 12
cassava cultivars.

Anira
peat  Inkiclay
No. 20 Mo, 100
Field capacity of plow layer (7;) 299 59
Bulk density (g/cm?)
0=15 em 0.2 0.9
15-30 em 0.2 0.9
pH
0-15 cm L) 4.2
15-30 ¢m 16 4.1
Total soluble salts (ppm)
0-15cm gl 647
15-30 em 932 830
Cation exchange capacity
(meg /100 g)
0-15em 18.2 55
15-30 ¢cm 23 16.8
Al (meg/100 g
0-15 cm 74 8.6
15-30 cm 74 8.1
Ca (meg /100 g)
0-15 cm 4.4 30
15-30 em 16 26
ME (meq/100 g)
0-15cm 53 34
15-30 cm 0 54
K (meq/100 g)
0-15 cm 0.5 0.3
15-30 em 0.4 0.3
P (ppm) Truog
0-15cm i7.5 1.5
15=30 cm 15.3 0.8
N (%)
0=15em 1.5 0.5
15-30 cm 1.4 0.4
Organic matter (“ ;)
0-15em 34 8.1
15-30 em 335 71

8Ca, Mg, and Al were determined using N KCI
extract, K was determined uwsing 035N CHyCOOH
extract.

old plants. These plants were established in the
field nursery from two-node stem cuitings 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 from 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 % 4.6 m, 0.004 ha) were planted in §
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rows of 10 plants each. All observations were
made on 15-20 test plants taken from two
central rows. Rows | and 5 were buffer rows.
Where insufficient planting material was avail-
able 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 menocrotophos
(0.06% a.i.) for 0.5 h, and planted inclined in
furrows 8-10 cm deep. Both trial sites were
planted in late April 1975 within 2 days of
each other, just prior to the long rainy season.

Lime was applicd in the form of 6.7 t/ha of
aragonite 1 month after sowing. Fertilizers
were applied at rates of 198 kg N (urea), 67
kg P.O;, and 134 kg K.O/ha. One-half of the
fertilizer was applied with the lime, one-
guarter 3 months, and the balance 5 months
after planting. Each application was banded
circularly 15 cm away from the plant and in-
corporated 4-5 cm. To correct apparent cop-
per and zinc deficiencies, 14 kg CuSo, and 12
kg ZnSO,/ha were applied at 5 months as well
as a prophylactic dose of 22 kg/ha of fritted
trace clements,

Plots were manually weeded 1, 4, and 9
months after planting. Serious outbreaks of
hornworm { Ervanis cllo) 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
monocrotophos (0.5 liter a.i./ha) were made,
resulting in  cffective control. Moderately
severe attacks of shoot Ay (Silha pendula)
were observed from the ninth month and per-
sisted through harvest. Trichlorfon (Dipterex)
at 1 kg ai./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.®

Anira peat No, 20 Inki clay No. 100
Germination Plant height Germination  Plant height
at 60 days  at harvest at 60 days at harvest
Variety ool cm) ) {em)
Hrancha butterstick 96,0n8 170.0¢ 94 80 198.0¢
M. Mexico 23 984 139.0¢ 976 163, 0abed
Bitterstick 924 216.0= 96.4 201.0=
Chinese stick 95.6 153.04 98.0 183,040
Del Pais 98.8 154,09 98.4 168 Qabed
Four month 9.6 124.0v 99.6 165, 0abed
Llancra 916 120.0a0 94.4 162.0abe
M. Colombia 673 Q4.8 154.04 98.8 148.0s
M. Mexico 59 03,2 167.0¢ 4.0 18].Qcde
R. Singh BE.B 115.00 920 169.0bed
Twelve month 90.0 180.0¢ 924 205.00
Uncle Mack 8.8 136.0¢ 98.4 158.0at
Grand mean 95.0 152.2 96.0 178.6
S.E - 1.3 - 6,37
C.Y. (%) — 217 — 8.0

sValues followed by the same letter do not differ significandy (p = 0.05), ns = no

significant difference 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 preater 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 adeguate for plant
growth. Potassium levels in both soils were
adequate and showed an increase at harvesl.

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 varietics produced three. Stem diameter
at the first branch differed significantly among
varietics 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
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Table 3. Yields (fresh roots, t/ha) of 12 cassava
varieties (11955 plants/ha) at 12 months on two
agriculturally poor soils in Guyana.®

Anira
peat Inki clay
Variety Mo, 20 MNo. 100

M. Mexico 59 30.5¢ 2.0
M. Mexico 23 19,34 17.6Gedef
Del Pais 19.3c4 20.(xaet
M. Colombia 673 18, 2bcd 16, 5bede
Twelve month 16,4bcd 12, 4abed
Llanera 15.3bed 16.9vedet
Uncle Mack 15.2bed 22.1=
Brancha butterstick 14, Jabed 15, 3bed
R. Singh | 3,Qabod 14, Tbed
Four month 12, |abe 17.4bcdet
Bitterstick 11.7ab 11.1sbe
Chinese stick 7.6 9.0u0
Grand mean 16.1 16.3
S5.E 2.2 20
C.¥. (%) M5 26.8

WValues followed by the same letter do not differ
significantly (p = 0.05).

varicties on both soil types. There was a
wider spread (7.6-30.5 t/ha) in root fresh
muatter 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. Mexico
59 produced significantly higher yields (30.5
t/ha) than all the other varicties 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 673, Twelve month, and Uncle
Mack all the other varicties ranked similarly
on both soils. Uncle Mack rose from seventh
place (15.2 t/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
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t/ha), These varieties produced almost four
times as much dry matter as Chinese stick.
Total fresh matter production was significantly
different between varicties irrespective of soil
type. However, there was a greater concentra-
tion of fresh matter in the shoots, stems, and
leaves of plants on the Anira peat. Total fresh
matter ranged from 19 to 41 t/ha for the Anira
peat and 24 1o 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.

Useful root fresh matter content averaged
85% and did not vary significantly between
varicties on cither soil. Consequently, those
varietics 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 varietics in cither 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 cssentially the same
(1.094) on the Anira peat. However, values
were significantly different between 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 Inki clay. Average weight
per root tuber per plant ranged from 155 to
352 g for the Anira peat and 84 1o 223 g for the
Inki clay.

Root tuber length differed significantly be-
tween varieties on ecach soil. Longest root
lengths were exhibited by Brancha butterstick
measuring 44 cm on the Anira peat and 54 cm
on the Inki clay. Shortest root tuber length was
also significantly different between varieties
and on cach 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 ¢m on the
Anira peat and 29 ecm 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  Egquivalent Equivalent  Equivalent  Equivalent
root yield  total plant  yield (1/ha) root yield total plant  yield (t/ha)
(t/ha) fresh fresh weight  of useful (t/ha) fresh  fresh weight  of useful
Variety matter {1/ha) fresh matter malter (t/ha) fresh matter

Brancha

butterstick 14, 2abed 2].7ab 12.1a0a 15,30ed 30, 6atbe 12,gbed
M. Mexico 23 19.34 27 3abcd 16.6b¢ 17.Goder 27.9ab 15, edet
Bitterstick 11.7a0 25.]abed 10480 L 32.9abed 5, 2sb
Chinese stick 7.6 22 gabe 678 9.0 26.80 17a
Del Pais 19,39 30, 5=4 16.8¢ 20.04e1 iz.7d 17.20et
Four month [ 2. Inbe 2258 10.6abe 17.4bedet 33.6abed 15.0edet
Llanera 15.3bed 19.3» 13.0be 15.9bedel 29.5abe 14,6 cdef
M. Colombia 673 1§, 2bed 25.9bed 15,80 16, 5hede 29.4abe 14,1 bede
M. Mexico 59 30.5= 41.4¢ 24.84 3.1 16,14 19.3
R. Singh 13.0abed 19.1= 10, 5abe 14, 7abed 27.6a0 12, 58bed
Twelve month 16.40c e 14.0ve 12.4nbe 30.4abe 10.7abe
Uncle Mack 15,2bed 22.6abe 12, 7abe 22,10 15.4bed 18.5¢f
Grand mean 16.1 26.0 13.7 16.3 ile 13.9
S.E 2.2 b 1.9 2.0 34 0.16
C.V.(%) 29.5 218 0.8 26.8 17.0 25.0

#¥alues followed by the same letter do not differ significantly (p = 0.05).

em for the Anira peat and 19 cm for the Inki
clay.

Maximum root diameter measurements in-
dicated that root thickness differed significantly
between varieties on either soil type. On both
soils, root diameter of Brancha butterstick was
lowest, whereas M. Mexico 59 produced roots
of highest maximum diameter.

An examination of rooting depth pattern
showed that the maximum depth of root pene-
tration on the Anira peat was 15 cm, whereas
with the exception of Llanera, R. Singh, and
Twelve month all other varieties on the Inki
clay penetrated to a maximum depth of 30 cm.

Postharvest Storage Life

On both soils, with the exception of M.
Colombia 673 all varicties stored for at least
5 days before vascular streaking was noticed
(Table 5). M. Mexico 59 harvested from the
Anira peat stored longer (10 days) than all
other varieties. However, this varicty when
harvested from the Inki clay showed vascular
streaking at 5 days. Secondary deterioration of
roots occurred at 10 and 11 days on the Anira
peat and Inki clay, respectively. Storage lives

were not consistent for a given variety har-
vested from both soils.

Discussion

Total rainfall experienced (331 em) during
the trial period exceeded the 105 year average
{210 cm) for Enmore Estate by 58% and can
be described as adverse for Guyana conditions.
Rain fell 62% of the trial days, and on 34
days (109 ) precipitation exceeded 2.5 cm.
Months of lowest rainfall (15 cm or less) were
August through September 1975 and March
1976; and heavy rains fell from November
through February (156 cm). In other words,
during germination and stand establishment,
and presumably during maximum root bulking,
the crop experienced excessive moisture. Also,
during the trial period, bright sunshine av-
eraged just 6.5 h/day, which considered
separately might have been detrimental to
yield.

Soil properties at planting and following har-
vest indicated high buffering capacities in both
soils. Thiz is consistent with the percentage of
base saturation observed for the Anira peat
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Table 5. Time (days) to onset of primary® and
secondary®™ root deterioration of 12 cassava cultivars
stored under ambient conditions.©

Anira peat No. 20 Inki clay No, 100

Pri-  Second- Pri-  Second-
mary ary mary ary
deterio- deterio-  deterio- deterio-

Variety ration  ration ration  ration
M. Mexico 59 10 11 [ 10
Brancha

butterstick 7 B B 11
Chinese

suck 7 12 6 10
Twelve

month 7 10 9 11
M. Mexico 23 5 12 5 5
Bitterstick 5 11 6 g
Del Pais 5 i1 6 10
Llanera 5 1 7 11
R. Singh 5 1 ] 11
Four month 5 9 6 10
Uncle Mack 5 g 9 12
M. Colom-

bhia 673 4 5 5 10
Grand mean 57 1] 6.8 B

SPrimary deterioration was considered 10 have
started with the appearance of fine blue-black streaks
in the root vascular tissue.

bSecondary deterioration was considered 10 have
occurred when the root tissues became sofL

rSorage conditions; Anira peat 7.15-83 °F, R.H.
78,37 Inki cloy 74.4-84.5 °F, R.H, 837,

{50% ) and Inki clay (40% ). Indeed, the addi-
tion of lime (6.72 t/ha) did not ameliorate soil
pH. Further, available phosphorus levels were
low and decreased at harvest. This is probably
due to the high fixation of this nutrient, which
occurs at low pH values.

Yicld figures indicated that despite the un-
favourable climatic conditions that prevailed,
the agriculturally poor peats and peaty clays
produced average vields of 16 t/ha. Recalling
the serious outbreaks of hornworm and shoot
fly that were experienced, it is possible that
these pests coupled with the unfavourable
climate depressed yields. M. Mexico 59 yielded
significantly higher (30.5 t/ha) than all other
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varietics on the Anira peat and also ranked
highest 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,

AL harvest, the tubers in the Inki clay plot
were generally more numerous but thinner
than those on the Anira peat plots. This was
probably due to inadequate soil potassium in
the former soil, The enhanced yields of Uncle
Mack (22 t/ha) on the Inki clay suggests that
this variety is better suited to this soil.

An NPK program found to be best for cas-
sava on peat soils in West Malaysia (Chew
1970) was adopted for these trials. Yields of
five 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 fertilizers are unquestionable
and may be further enhanced when optimum
quantities of N, P, and K for these particular
soils are determined. Neither plant height nor
branching 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
clay, shoot growth increascd at the expense of
root fresh matter accumulation, Correlation
cocflicients () for fresh yields against harvest
index 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
vields were also significantly correlated with
fresh root yields on both soils (¢ = 1.00, 0.99,
0.96, 0.90).

Chew, W. Y. Varieties and N.P.K fertilizers
for tapioca (Manifiot utilissima Pohl) on peat.
Malaysian Agricultural Journal, 47(4), 1970,
4831-49],

Mahadeo, C. Soil survey — New land. Technical
Report. Agriculure Department, Bookers Sugar
Es;nslﬂ Lid., Guvana (mimeographed report),
1975,

Stecle, ). G., and Ramdin. H. M. Sail resources of
Giuvana, Ministry of Agriculiure, Central Agri-
cultural Station, Mon Repos, Guyana, 1975,
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Cassava Research in Nigeria Before 1972
E. E. Umanah’

This review of cassava research achievements in Nigeria over a period of 20 vears
pays particular attention to plant breeding, agronomy, chemical analysis, physiology, pests
and diseases, and cytogenetics. Breeding objectives and varieties recommended for the
various ecological areas of the country are discussed.

A package of management practices as recommended from research results is given.
On basic rescarch, the karvolypes of some Manifior species including cassava were deter-
mined, and it was suggested that cassava is an allopolyploid with chromosome number
of 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 casier 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-vielding disease-resistant varie-
ties of cassava were introduced to Nigeria
about 1940. Following trials in the eastern part
of the country GCH 7 or 37065 was recom-
mended for cultivation about 1942 because it
was higher yielding than local varieties and
was tolerant to mosaic disease. About 1953,
variety 53101 was recommended to the West-
ern Region and the southern part of the
Northern Region.

Although 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: (1) 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-
tions of varieties grown in different ecological

1Federal 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
vielding types was made. These introductions
included Manihior glaziovii from Puerto Rico,
Manihot melanobasis and M. saxicola from
Surinam, and interspecific hybrids such as
58308, 58198, and 58212 from Amani in East
Africa, which were resistant to mosaic disease.
WVariety 358308 was low in prussic (hydro-
cyanic) acid, however it was also low in tuber
yield.

The country can be divided into two broadly
based ecological zones on the basis of con-
sumer preference. In areas north of Minna,
consumers prefer “sweet™ cassava, which is
eaten raw or boiled and made into “tuo.” In
arcas 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 collections and trials for the North-
ern States. The area south of Minna was
divided into four ecological and administrative
zones for collections and variety trials.

Hybridizations within the species M. escu-
lenta were carried out to obtain high-vielding
mosaie 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 nurseries, 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, 60306, 60447, and 53101 were
the highest yielding selections and were recom-
mended for cultivations in the various ecologi-
cal zones, Table 1.
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Table 1, Recommended mosaic-disense resistant cassava varieties and their qualities,
Mean Starch
increase over content at
Yield local variety Recommended to be 15-18 months HCN
Variety {t/acre) (52 planted in (States) (52) (mg,/100 g)
37065 (GCHT) 20 28.0 Eastern Migeria 230 182.0
44086 (Congo)
(Sweet) 5.6 8.2 Eastern Migeria 220 135.0
53101 13.6 64.5 Western, Kwara, B/Plateau,
Southern parts of N/West
State 30+ 185.0
Dan Wari (Sweet) 8.5 320 Cassava growing areas north
of 10 °N latitude 30 145.0
60444 16,3 95.3 Mid-West, East Central,
South-East, Rivers, Lagos 25-30 162.0
60306 15.4 78.0 Western, Kwara, B/Plateau,
Southern parts of N/West,
Mid-Wesi, East Central,
South-Eastern 30 162.0
G0447 15.0 55.1 Mid-West, East Central,
South-East, Rivers, Lagos 25-30 189.0

Interspecific hybridization of clones, selected
as described above, with other species of
Manihot, such as M. glaziovii, M. saxicola, and
M. melanobasis, was designed to introduce
characteristics for mosaic discase resistance
and high protein content in cassava. Hybrids
from crosses made between selected cassava
varieties and M. glaziovii usually broke down
in resistance to mosaic disease within a few
generalions.

Cassava varieties with high protein content
are of importance where tubers are consumed
raw by humans or fed to livestock, M. esculenta
has only about 1.6% crude protein in fresh
tubers, but tubers of M. melanobasis and M.
sexicola have crude protein contents of over
1095 . This necessitated the production of inter-
specific hybrids from M. esculenta crossed to
M. melanobasis. Cassava variety 50100 was
crossed with M. melanobasis (58186). Back
crosses were made to M. melanobasiz, but al-
though the protein contents of the back cross
progeny were improved, the total tuber yield
was low. Further crosses to the high vielding
varieties are to be carried out,

Chemical Analysis of Tubers

Tuber analyses for starch content, dry matter
content, and hydrocyvanide content were car-
ried out for all promising varicties 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
(fgures 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 varictics 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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Tahble 2. Effect of time of planting on yield of different varieties.®

Yield of different varieties (1b/plot)

Time Mean
(months) 53101 60444 60447 AO506 (t/acre)
June 775 789 B 716 15.8
July 694 TGl 678 657 14.1
August 306 484 i 7 1.2
Sept:mber 257 296 191 325 6.4
October 212 78 209 181 34
Mean (t/acre) 9.1 9.8 99 8.8 0.4

SLSD (p = 0.05) = 18.1 Ib/plot or 1.5t facre,

hours, Germination in the greenhouse occurred
between 15 and 25 days and varied with
varictics,

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 welter areas, such as
Umudike, April and May plantings were shown
to be as good as June.

Harvesting Date

Yicld 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 is shown in the starch
content of the tubers (Table 4). There were
significant differences in varieties % 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
maonths harvesting time.

Planting Method

Investigations on planting methods revealed
that multiple cuttings were cither buried
horizontally or were stuck right side up singly
per stand. Erect or slanting orientation of single
cuttings two-thirds buried was found to give
superior yield to horizontal orientation, be-
cause in the latter case numerous main stems
formed and the resulting overcrowding reduced
yield.

Length of Cultings

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 cconomize on planting
material (1 in. = 2.54 cm).

Spacing and Plant Population

Spacing combinations of 2 % 4,3 x 3,3 X
4,4 % 4, and 6 % 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 vield of differemt varieties.®

Time of harvest (months)

Mean
Variety 12 15 18 21 M (t/acre)
60447 687 987 1061 1001 236 158
53101 756 883 1087 949 724 15.3
37065 625 665 871 625 (5] 11.7
44086 444 680 5E8 463 452 8.6
Mean (t/acre) 10.6 13.8 149 13.2 11.8 129

aLSD (p = 0.05) = 29.5 Ib/plot or 1.2 ¢ facre.

average spacing of 3 » 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 (1 acre = 0.4 ha).

Fertilizers

Initially, great controversy existed about the
application of fertilizers to cassava, due
probably to the low yield returns from the
unimproved varietics, which were cultivated.
However, with the recommendations for im-
proved varieties, fertilizer practices were also
recommended. Experiments, which were car-
ricd 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 1500 Ib/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 |b/
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.
Pesis

Several pests of the cassava plant exist, but
most of them are not serious and some are
seasonal.

Bemisia nigeriensis {tabaci) or the white fly
15 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 casily 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 rodenis and bush fowls
dig up and eat the cassava roots, whereas goats
eat the leaves and break the stems.

Diseases

Cassava mosaic discase manifests itsell 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
Bemisia nigeriensis (tabaci) or white fly. Gold-
ing (1936) showed that this disease caused up
to a 30% reduction in vield. 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 295 in yield.
The only solution appeared to be resistant
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Table 4. Effect of time of harvest on percentage starch yield.»

Variety
Time of harvest i

{months) 53101 44086 60447 17065 Mean

18 26.6 220 23.2 18.7 219

15 24.2 213 18.2 18.8 20.2

12 19.4 17.8 16.0 15.5 17.9

24 19.6 16.2 15.1 17.5 17.1

21 15.0 19.0 16.1 122 16.0

Mean 21.0 19.3 17.7 16.5 18.6

SL5D (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 discase on yicld has not becn
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 back is caused by Gilomerella cingulata
in some plants, The disease is not wide-spread.

Yellow rot is caused by the fungus Polvporus
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 discase 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 num-
bers of these two species were found to be 2n =
36, The karyotvpes of the two species were
similar. Two pair of satellite chromosomes were
reported for the first time for both species.

Meiosis was normal in pollen mother cells;
the 18 bivalents at M1 disjoined regularly at
Al. It is suggested that these Maniliot species
are allopolyploids with a basic chromosome
number of X = 9. This conclusion confirms
that of Perry (1943).
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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 resullts were obtained with successive cutlings of foliage
at intervals of 3-4 months with plant densities of 31 250 and 15625 plants/ha. The
production rates obtained were: 14.5 t/ha of dry foliage in 12 months during the dry
season, 19.6 1/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 leafl 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 varicty Cacho de Toro Amarga
{UCV-2078) was planted in a split plot design
with three replications at Maracay, Venezuela.
Mo 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) 31 250 plants/
ha (40 cm between plants); (2) 15 625 plants/
ha (80 cm between plants); and (3) 10412
plants/ha {120 cm between plants),

Three different harvesting frequencies were
used in the dry season: (1) 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 (1
harvest) and roots at 12 months. Three harvest
schedules were also used during the rainy
season: (1) foliage at 3, 6, 9, 12, 14, and 17
months; (2) foliage at 6, 9, 12, 14, and 17
months; and (3) 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. Afier the

1Faculties of Agronomy and Veterinary Medi-
cine, respectively, Universidad Central, Maracay,
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-
terming 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 1 (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, §, 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 1 was 13.7 t/ha,
which was significantly different from the
frequency 3 harvest of 9.7 t/ha. The yield of
frequency 2 (12.0 t/ha) was not significantly
different from frequency 1. The highest dry
foliage vield was 14.5 t/ha, corresponding to
frequency 1 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 1 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 (15625 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 differcnt from frequency 1 yield
(3.1 t/ha). No difference was observed be-
tween frequency 2 and 3 yields, indicating that
cutting the foliage at 8 months does not affect
the dry matter production of cassava roots,

Rainy Season Harvest (12 Month Cycle)

Fresh foliage production was 86.4, 68.4, and
59.1 t/ha for densities 1, 2, and 3, respectively.
Density 1 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)
(14.5t/ha).

In fresh foliage production, density 1
(31 250 plants/ha) vielded 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 1.

Density 1 (31.9 t/ha of dry foliage) vielded
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
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harvest, because there was a greater proportion
of herbaceous material (leaves and sprigs) at
4 months than at 12 months. The protein pro-
duction values of cassava foliage were highest
for density | and for frequency 1, with values
of 2.2 and 2.4 t/ha of protein, respectively.

Conclusions

By comparing the foliage production of dry
and rainy season planting over a 12 month
period, it is evident that for both fresh 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 cullings 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. Montilla, R. Vargas, and A. Montaldo'

Cassava leaf meal was used as a protein source in the rations of 1-dav-old Vantress
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 substitution.
Pelleting greatly improved the adverse effects that appeared when the feed was given in

meal form,

1Facultics of Veterinary Science and Agronomy, Universidad Central, Maracay, Venezuela.
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Table 1. Body weight and dietary efficiency gains in experiment 1,

0-6 weeks 0-8 weeks 0-10 weeks
Treatment BW DE BW DE BW DE
0% 104942  2.3Aa 1495 Aa 26 1920As 2.8Aa
10%% 940Bb  2.6Bb 1325Ba 28 1845Aab  3.0Aab
200 E01Ce 2.8Ch 1262Ch 3.0 16998k 3.1Bb

Mote: Different lower case letters after values in o column indicate significant differ-
ences (p = 0.01); different capital letters after values in & column indicare significant differ-

ences (p = 0.05).

Cassava foliage has a high protein content
that may be as high as 22% when it is cut at
2-month intervals. When cassava is planted for
the sole purpose of harvesting its leaves, yiclds
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 Eggum (1970), the protein in
cassava leaf matter is deficient only in methi-
onine and its biological value, as determined in
rats, reaches from 49 to 80% when supple-
mented with this amino acid. Al the same time,
nitrogen is increased from 2.04 to 3.02%.

Ross and Enriguez (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 effi-
ciency. This situation was remedied by supple-
menting with (.2% methionine and 3% corn
oil. They concluded that methionine 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 randomized system, using a total of
480 Vantress x White Rock 1-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
malter; 21.4% crude protein; 4.8% ether
extract; 27.1% crude fibre; 36.9% nitrogen-
free extract; and 9.99% 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 leal 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 in the form of meal and, in the second,
rations in the form of meal and pellets were
comparcd. 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
1 for body weight gain and dietary efficiency.
There was a highly significant linear depression
(p = 0.01) for body weight gain at the second
week. This situation continued up to the sixth
week, when the broilers fed on the rations with
20 and 30% cassava leal meal reached only
83.5% of the gain reached on the basic ration.
Body weight gains reached during the seventh,
eighth, ninth, and tenth weeks were very simi-
lar for all treatments, indicating that the broil-
ers made better use of the rations with the
cassava leaf meal as they grew older.
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Table 2. Body weight and dietary efficiency gains in experiment 2,

-6 weeks -8 weeks 0=10 weeks

Treatment BW DE BW DE BW DE
F-07; 1110a 2la 1469 2la 1987¢ 2.5a
F-07-P 1093a 2.2abe 1615 2 5be 2123 2.8be
F-10%; 1002ab 2. 3abc 1463c 26cd 1962 2.8c
F-10%.-P 1026ab  Z.dabc 16128 2.5he 2089b 27he
F-209; 8R6cd 26c 1311e 2.9ef 1774e 3, 2defl
F-207;-P 995ab  2.5abc 1511b 2 8de 1972¢ 3 lede
F-30%; 759 ixd 11901 13 17200 14f
F-307;-P 912bd  2.6bc 1387d 3of 1870d iy

Note: F = foliage; 0, 10, 20, and 303 = levels of addition; P = pelletized. Differ-
ent lower case letters after values in a column 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,
al least 9 weeks are required for broilers to
reach marketable body weight. At the tenth
week, the efficiency of food conversion was re-
duced by 5.7, 12.1, and 23.2% when foliage
was added at levels of 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 efliciency, up to the
cighth week. This cffect was not shown for the
ninth and tenth weeks, during which time, no
appreciable difTerences 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 some 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 com-
parable with commercial levels, but 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 high
levels, 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. O. The protein qualitv of cassava
leaves. British J. Nutrition, 24, 1970, 761-768.
Montilla, 1. )., Garcia, I. A, and Reveron, A, E.
Valor pigmentante de diversas harinas verdes
agrupadas a las raciones para pollos de engorde
¥y su efecto sobre e incremento de peso.
Ciencias Veterinarias, 2. 1973, 258-290,

Ross, E., and Enriquez, F. Q. The nutritive value
ﬂ; cassava feaf meal. Poultry Sci. 1969, B46-
B33,
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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'

Morth Carolina has an excellent climate and soil for producing high yields of quality
“yam-lype” sweel potato cultivars. ‘Jewel,” which stores well for over 9 months, originated
from this state. Over the past 30 years, the combined efforts of research and extension
scientists and interested growers and persons in agribusiness industries have minimized
the effects of diseases and insects, and introduced improved production, harvesting, curing,
storage, and marketing techniques. Morth Carolina is the leading sweel potato producing
state in the United States and produces over one-third of the crop. Growers and shippers
have a well-organized, effective association to promote their products nation-wide and to
support all aspects of the sweel potato industry. Sweet potatoes are the [eading horticul-
tural commodity in North Carolina and are sold in every marketing area east of the
Rocky Mountains. Discussion includes problems, current investigations, and future trends,

The sweet potato (Ipomeoea baratas) is
grown commercially as an annual crop in the
United States, even though it grows as a peren-
nial in the Neotropics, its centre of origin. This
crop has been grown in North Carolina for
nearly two centuries and has been the leading
horticultural crop in this state for much of this
century. North Carolina has led all states in
sweel potato production since 1969, due in no
small part to its ability to produce efficiently
and thereby compete effectively in many
markets.

The success of the North Carolina sweet
potato industry is partly attributable to the
many contributions of a group of research and
extension scientists at North Carolina State
University, the members of support industries
in the agribusiness community, plus growers
who are interested in developing better ways to
grow sweet potatoes. An important factor re-
sponsible for North Carolina’s success has been
the keen interest of growers and shippers and
their formation of the North Carolina Yam
Commission, Inc. in 1961, This well-organized,
cohesive group of growers and shippers has
successfully promoted research and develop-
ment, and the production and marketing of
quality sweet potatoes. Their voluntary assess-
ment on this product (2¢ per bushel fresh, 2¢
per cwi processed ) has provided funds to gain
market territories through merchandising. pro-
motion, and advertising efforts. They have im-
posed seasonal limitations on themselves on the
sale of freshly harvested, uncured sweel pota-
toes. They continue to strive for an improved

1 Agricultural Extension Services, North Caro-
lina State University, Raleigh, N.C, 27607, USA.

consumer quality image and greater opera-
tional efficiency with the capability of relating
to the needs of world markets in the future.

Another aspect of the success story in North
Carolina is related to the peculiar prominence
of tobacco, its allotment system, and the con-
solidation of tobacco allotments. The number
of farms in North Carolina is second only to
the State of Texas, Many of these farmers are
constantly seeking new crops to grow, since
tobacco production is essentially a “closed
shop" and ever larger farming units are neces-
sary. Sweet potatoes and tobacco are some-
what complementary crops with regard to la-
bour utilization and field operations.

Cultivars

‘Porto Rico,' and more recently ‘Centennial,’
were the predominant cultivars in North Caro-
lina until the early 1970s, In 1969, “Jewel' was
released by the North Carolina State University
Agricultural Experiment Station.  Although
poorly received by the industry at first, North
Carolina growers and shippers soon realized
that ‘Jewel' was a high yielding (ca. 500
bushels/acre avg, up to 1000 bushels/acre
experimentally), high quality, fresh market
sweet potato with excellent storage, and good
processing qualities. They found it to be widely
adaptable, carly sizing (“chunky” shape), soft-
fleshed, and resistant to several diseases (i.c.
Fusariuwm wilt, internal cork virus, and southern
root-knot nematode ) and some insects (i.e. flea
beetle). Its popularity has increased annually,
and in 1976 over 75% of the acreage of sweet
potatoes in North Carolina were planted to
‘Jewel." This cultivar is also popular in many
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other sweet potato producing areas of the
United States.

Major weaknesses of ‘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
sweel 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 secdstock 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 (1 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-
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mended. Fertilization and irrigation promote
more prolific sprouting.

Transplants are generally pulled, but where
scurf or black rot are suspected, growers are
carcful 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 Morth 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 1%
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-
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corporated prior to planting, but the others can
be band- or solid-sprayed over the transplanted
rows,

Crabgrass (Digitaria sanguinalis), ragweed
{Ambrosia artemiisifolia) , lambsquarter (Che-
nopodium album), and cocklebur (Xanthium
americanum) arc the major weed pests in
MNorth Carolina sweet potato fields.

Fertilization of sweet potato fields depends
on the results of soil analyses, rainfall, and the
individual grower's operations. Generally, it is
recommended that 90-110 1b/acre (108-132
kg/ha) of nitrogen be applied; about 30 Ib (36
kg/ha) at preplant, 40 1b (48 kg/ha) side-
dressed at the last cultivation, and another 20 lb
(24 kg/ ha) broadcast 4-5 weeks later. An addi-
tional 20 b/ acre (24 kg/ha) of nitrogen may be
used any time following rainfall, which may
cause excessive leaching. Phosphorus (P.O;) is
required at about 60 Ib/acre (72 kg/ha) and
should all be preplant applied. Potassium (K.0)
is required at about 150 Ib/acre (180 kg/ ha), 30
Ib (36 kg) of which is preplant applied and the
remainder sidedressed at the last cultivation.
Many growers have developed their own ferti-
lizer programs. However, a typical schedule
may resemble the following: 500-600 Ih/acre
(560-672 kg/ha) of 6-12-6 banded in the row
or broadcast as a preplant application, about
500 Ib/acre (560 kg/ha) of 8-0-24 sidedressed
at the last cultivation {(mid-July) and 100-200
Ib/facre (112-224 kg/ha) of sodium nitrate ap-
plied as a topdressing 4-5 weeks after the last
cultivation (mid-August) and/or as required
due to excessive leaching. Since the physio-
logical storage disorder, “blister™ affects some
varieties grown in North Carolina (i.e. “Jewel'),
0.5 Ib/acre (0.6 kg/ha) of boron is also ap-
plied; uwsually it is formulated in the preplant
fertilizer as Borax or Solubor if requested by
the grower.

Diseases

Historically, sweet potato diseases have been
a major problem confronting the industry in
North Carolina, but they are under reasonable
control at this time. Internal cork (a virus
disease) and blue stem (Fusarium oxvsporum
f. sp. batatas) were extremely serious when
‘Porto Rico' and other cultivars were widely
grown; ‘Centennial’ and ‘Jewel' possess accept-
able levels of resistance. Black rot (Ceraro-
cystis fimbriata) and scurf (Monilochaetes in-
fuscans) have been under control for approxi-
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mately 15 years with a carefully followed plan
of crop rotation, sanitation, and use of certified
sced. Pox (Streptownyces impomocae) 15 not
present in the major sweet potalo growing
areas of Neorth Carelina. Southern blight or
circle spot (Seclerotim rolfsit) occasionally
causes locally serious problems, The fungus is
soil-horne and is widespread.

The root-knot nematode (principally Melo-
idogvne incognita) is widespread in the sweet
potato growing arcas of North Carolina. Some
growers continue to sustain losses due to nema-
todes even though excellent control pro-
cedures, based on soil sampling and the use of
nematicides, have been proven effective. Losses
are compounded because vields are reduced
and quality is lowered,

Rots of mature and/or harvested storage
toots probably cause losses of over 15% an-
nually, These rots are caused by several fungi
and possibly some bacteria and viruses. In
most cases, however, the indirect or predispos-
ing factors include: soils waterlogged for more
than 1 day, bruises, chilling below 10 *C. heat-
ing and drying in the sun, and poor curing con-
ditions. These rots continue to be a problem
and control is based on proper field selection
and handling of harvested roots,

Insects

At the present time, insects do not cause
problems of major proportions in sweet potato
production in North Carolina. Numerous in-
sects feed on the foliage but there is no evidence
that they cause yield reductions,

Wireworms (Ceondoerus falli, Condoerus
vespertinus, and Melanotus communis in order
of importance, respectively) can cause damage
by making small holes in the storage roots,
These insects are controlled by broadcasting a
granular insecticide (i.e. fonophos or Diazinon)
over the foliage when the storage roots begin
to form,

Various species of white grubs occasionally
damage sweet potatoes. Such damage can be
minimized by avoiding soils that are high in
organic matter and/or by broadcasting and in-
corporating a granular insecticide into the soil
prior to planting.

Flea beetles (Chaetocnena confinis) attack
sweet polatoes causing damage resembling
“writing” on the surface of the storage roots.
This insect is best controlled by planting re-
sistant varicties, such as ‘Jewel." Fortunately,
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no sweet potato weevil (Cyvlas formicilarins
elegantulus) infestations presently exist in
North Carolina. To prevent this most destruc-
tive insect from getting established, growers are
careful 1o 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 certificd “weevil-free” by the official certify-
ing agency in the state of origin,

Occasionally, lepidopterous larva (i.e. Heli-
ophis zea) on the foliage at harvest may dam-
age exposed, harvested roots by feeding on
them.

Harvesting and Handling

Most sweet potatoes in North Carolina are
turned out of the ground by plow and hand-
graded into field boxes or 20-bushel pallet bins.
This labour-intensive method requires con-
stant, close supervision to ensure that all of the
sweel 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 sweel potatoes and transfers them field-
run into 20 bushel pallet bins. This equipment
is best suited for freshly harvested green sales,
but with careful handling with appropriate
hydrohandling equipment, sweet potatoes har-
vested in this manner can be cured and stored
for packaging and marketing at a later date.
Avoiding mechanical injuries, prompt place-
ment of roots under curing conditions, and
sanitation {(in such a system) are essential to
minimize storage rots. When properly op-
erated, the paddlewheel transfer system, re-
cently developed in MNorth 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 sweel potato production
and handling.
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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 nol 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 Aoor
trenches to provide heat and high humidity,
fans for the necessary aeration (ventilation),
and adequate insulation.

The curing process is primarily one of
wound healing (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 a-amylase), which promotes the
hydrolysis of starches to sugars { Walters et al.
1975). The sooner sweet potatocs are cured
after harvest the better their quality will be
maintained during storage. Delays (between
harvest and curing) resull in excessive 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 b (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 LS, population centres. Occasionally,
however, they are marketed over the entire
country, The crop is marketed fresh all vear,
but primarily in September through January,
with peak marketing periods coinciding with
LS. holidays such as Thanksgiving, Christmas,
and Easter,

There are three large sweel 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 Universily.

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
sweel potatoes probably require more atten-
tion 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
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sweel potato quality maintenance and further
reduction of losses,

Covington, H. M. Pre-sprowiing sweef pofatoes.
Morth Carolina Extension Service, Hort. Info.
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Morth Carolina State University. Narth Caroling
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Walters. W. M., Purcell, A. E., and Nelson, A. M.
Effects of amylolvtic enzyvmes on “moistness”
and carbolivdrate change of baked sweet potato
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Sweet Potato Production in Hawaii
J. S. Tanaka and T, T, Sekioka'

This paper describes the peneral cultural practices of sweet potato production in
Hawaii. 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
(Ipomoea 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
is planted on all islands, with 71% being grown
on the island of Oahu. Approximately 20 ha of
sweel 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 dorens of native clones of sweet
potato in Hawaii. Many of these clones are still
grown Lo 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

Wniversity of Hawaii, Honolulu, Hawaii
96822, Paper published with the approval of the
Director of the Hawaii Agricullural 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 [1 apart. Close spacing of plants in
the rows encourages the development of roots
that are of the best shape and size for the
market. Wider spacings tend to produce extra
large roots that are a lower grade and thus
fetch a lower price,

Fertilizer Applications

A fertilizer with a medium amount of nitro-
gen and phosphate and a great amount of
potash is best. Rates (kg/ha) of fertilizer
recommended are: N 40-50, P,O, 70-110,
and K0 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 insccts 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-
faciatus Furm) and the other is a larger metal-
lic blue-coloured weevil, with an orange-col-
oured thorax called Cylas sweet potato weevil
(Cylas formicarius elegantus Sum). Control of
the weevils is by dipping the cuttings in dia-
zinon before planting, by rotation of the crop,
and by spraying with diazinon, Stem borers
are controlled by spraying with diazinon and
mites by sulfur dusts or sprays.

Disease

Discases of sweel potato are usually not
serious in Hawaii because most of the plantings
are done by discase-free tip cuttings. In some
areas, leaf scab caused by Sphaceloma batatas
has caused abandonment of sweet potato plant-
ings. No control of this disease is known.

Harvesting

Sweet potatoes are ready for harvesting 46
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,
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on a smaller scale, with a spading fork or 4- to
6-pronged potato hoe.

Factors Contributing to Increased
Yield

Cultivar Improvements

Introduction and the polycross method of
breeding have been used successfully in
Hawaii. The primary objectives of the breeding
program are high yield, carly maturity, red
skin colour, and minimal vine growth, Re-
cently, high carotene has become another goal.

Cultural Practices

Aside from the use of improved cultivars,
the adoption of improved cultural practices has
played a significant role in the steady increase
of sweet potato yield. These are: (1) better use
of fertilizer; (2) timely irrigation in nonirri-
gated fields; and (3) better control of the sweet
potato weevils (Cylas formicarius eleganius
Sum and Euscepes postfaciatus Furm). Further
improvements in yield may be attained
through: (1) reducing the growth period of
5—6 months to 4-4.5 months (the incorpora-
tion of early maturity with other 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. Sykes’

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

1Crop 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,
reduces the need for frequent regeneration of
accessions. Capital and operating costs of stores
at sub-zero temperature, thought to be not ex-
cessive, need to be quantified and further re-
fingd.

The International Board for Plant Genetic
Resources (IBPGR) was established in 1974,
Its basic objective is o promote an inter-
national network of genetic resources activities.
Free exchange of material and information re-
lated to it, the deposition of duplicate collec-
tions in their country of origin, and the dupli-
cation of “base” collections are three basic
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principles that the Board has adopted.

IBPGR has established two dimensions of
crops and regions as a matrix for its priorities.
Cassava, polato, sweel potato, and yam are
among the tropical root and twber crops to
which prioritics have been assigned in 10 of
the 14 designated regions. The IBPGR is pro-
moting germ plasm collections of tuber and
root crops, grain legumes, millet, and rice in
West Africa; cereals in North Africa, India,
and Pakistan; rice in Southeast Asia; and po-
tato, tropical forage legumes and prasses,
maize. and groundnuts in Latin America.

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 be 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 viclds 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 be very difficult as types in which leaf growth is dominant at the early
growth stages maintain this dominance throughout the whole cycle.

Various attempts to correlate vield with net assimilations rate and photo-
synthesis are dangerous and often invalid. A plant that has medium LAI will have
a higher yield, due to better dry matter distribution, than a very high LAI erop in
many cases. The medium LAI crop will also have a higher net assimilation rate and
hence a spurious correlation between vield and net assimilation rate. Similarly,
trying to relate yicld to photosynthetic rate of sink limited crops, as has been tried in
corn and soya, is obviously futile.

Frequently, workers are exhorted to produce high protein root and tuber crops,
but there is found to be negative effect on yield due to the extra encrgy needed to
produce protein when compared with starch. When starch is stored, it should be
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stored in such a manner that its maintenance respiration is low, The whole relation-
ship between photosynthesis 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 attack
vegelative propagating material, (b) those that anack foliage and green stem portions,
and (c) root rot pathogens that can induce preharvest and postharvest deterioration,
Control measures for each of these categories are discussed and recommendations are
made. These measures, however, should be applied as part of an integrated system for

any cassava cultivation program.

Until recently cassava was considered to be
resistant to discases and pests; it is now ac-
cepted that diseases can cause severe losses
and that they are economically important.
Cassava is affected by more than 30 fungal,
bacterial, viral, or viruslike and mycoplasmal
agents (Lozano and Booth 1974), These dis-
cases can affect plant establishment and vigour,
inhibit photosynthetic efficiency, or cause pre-
harvest or postharvest deterioration. Some
causal agents are distributed worldwide, ap-
pearing endemically in almost all cassava plan-
tations (leal spots induced by Cercospora spp.
and Oidiwm spp.) (Lozano 1976; Terry
1975a). Others are limited to geographical
areas or continents (the causal agents of cas-
sava bacterial blight, American viruses, and
mycoplasmal 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 1975a), Asian mosaic disease to Asia, and
superelongation disease to America (Lozano
and Booth 1974; Lozano 1972). Apparently
the causal agents of African and Asian mosaic
diseases are not present in America, although
the vector {Bemisia spp.) was recently identi-
fied on this continent ({Bellotti personal com-
munication). Other widely distributed patho-
gens attack cassava only during the cool and
rainy periods of the year or in areas located at
high elevations (more than 1200 m). where

1Centro Internacional de Agricultura Tropical,
Apartado Aéreo 67-13, Cali, Colombia, and Inter-
national Institute of Tropical Agriculture, P.M.B.
5320, Ibadan, Migeria, respectively.
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temperatures are below 22 °C (Phoma sp. and
Cercospora caribaea) (Lozano and Booth
1974; CIAT 1974, [975). There are other
pathogens whose incidence is limited by en-
vironmental conditions, possibly because they
require high relative humidity (nearly to the
saturation point) for germination and estab-
lishment (CIAT 1974).

Pathogens of Vegetative Material

Cassava is vegetatively propagated by plant-
ing pieces of stem cuttings; consequently, cas-
sava pathogens can be disseminated easily by
the movement of planting material from in-
fected to uninfected areas. These pathogens
can cause considerable damage during the es-
tablishment of the crop or at any time during
its growth cyele, including: (1) reduction in
germination, (2) damping off, (3) decrease of
normal plant vigour, and (4) reduction of the
potential number of swollen roots due to initial
root damage.

These pathogens are mainly fungi, which at-
tack epidermal, cortical, and woody stem tis-
sues ( Sphaceloma manihoticola, Gleeosporium
sp.); facultative saprophites or parasites
{ Rosellinia necatriz, Fusarium spp., Armillaria
mellea, Scleratinia sp., Sclerorivm rolfsii, Peni-
cillium spp., Aspergillus spp., etc. ). These fungi
are frequently found in the soil (Lozano and
Booth 1974). Other pathogens include (1) bac-
teria (Xanthomonas manihoris, Lozano 1975;
or Erwinia sp., Lozano et al. 1976; CIAT
19761, (2) mycoplasma, and (3) viruses or
viruslike discases (Lozano 1972; Terry 1975a).
These are generally vascular pathogens located
inside picces of stem used for propagation.

The occurrence of these pathogens in a plan-
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tation may be due to the use of planting ma-
terial taken from infected plantations (Lozano
1972, 1975}, the use of infested machinery or
tools during the preparation of land and while
planting stem pieces, or infested soils.

Control Measures

Taking the foregoing factors into considera-
tion, the incidence of these pathogens in a
country, region, or plantation can be prevented
by following these recommendations:

{1) A careful selection of all planting ma-
terial must be initiated by choosing the appro-
priate area and field for the collection of
propagating material. Once in the field, plants
and plant sections used for propagation should
also be carefully selected. Generally, it is not
advisable to take planting material from Africa
or Asia 1o America due to the presence of
mosaic discase in the former, Cuttings should
not be taken from arcas where CBB or super-
elongation disease is present. The use of cut-
tings from plantations infected with the com-
mon mosaic or vein mosaic virus and myco-
plasmal diseases must also be avoided (IDRC
1975; Lozano 1976; Terry 1975a). Cuttings
should always be selected from vigorous. ap-
parently healthy plants. The elimination of
any stem section with suspicious signs of dis-
ease is extremely important in the control of
these diseases,

(2) Avoid damage to vegetative propagat-
ing material. Germination and establishment
can also be improved by the careful handling
of cuttings during preparation, packing, ship-
ping, and planting. which prevents injury to
both the stem and bud tissues. Some vascular
pathogens of cassava are disseminated by the
use of infected tools. When handling propa-
gative material, all tools and machinery should
be disinfected prior to each use with a 5%
solution of commercial formaldehyde.

Fungicide “seed” treatment of cuttings may
be valuable. Germination and establishment
can be increased by more than 10% by dipping
cassava cuttings into a 5% solution of Demo-
san (1,4 dichloro-2,5-dimethoxybenzene),
Arasan (tetramethylthivram disulfide), Agal-
lol {methoxyethyvlmercury chloride) or Bras-
sicol 75 (pentachloronitrobenzene) for 3-35
min before planting (CIAT 1974).

(3) Selection and preparation of land are
also important factors for successful cassava
cultivation. Heavy soils. with a high organic
matter content, are difficult to drain and may
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remain flooded for several hours after a heavy
rainfall. These soils may also contain high
populations of organisms that can attack the
recently planted cuttings. Land that has been
previously used for forest (woody trees, bushes,
coffee, etc. ) or perennial crops (plantain, sugar
cane, ¢le.) may also contain high populations
of root rot pathogens (e.g. Rosellinia necarrix,
Armillaria mellea. Fusaritom spp., Sclerotium
rolfsii, Rhizoctonia sp., Pyihinm spp., Fomes
lignosus, Phyviophthara drechsleri, etc. ), which
normally attack cassava roots and woody stems
{Lozano and Booth 1974).

Adequate cultural practices to ensure good
soil preparation and drainage should always be
followed. Planting on ridges may also be effec-
tive in preventing diseases. Soil must be well
plowed and drained. In regions where rainfall
is high {more than 1200 mm ), planting should
be done on ridges to improve drainage and
reduce root damage.

Good quality cuttings, about 20 cm long,
should be planted so that half the cutting is
covered by soil. Water should be applied soon
after planting.

Foliar and Green Stem Pathogens

Several fungi (Cercospora spp.., Phoma sp.,
Qidinm  sp., Colletotrichum  gloesporioides,
Uromyces spp., ete.), bacteria { Xanthomonas
manifiotis and Erwinia sp. ). mycoplasma, and
viruses or viruslike causal agents attack the
leaves and green stem portions of the plant, or
show the most characteristic symptoms in these
arecas. Damage induced by these agents can
lead to a reduction of photosynthesis, thereby
decreasing the production and storage of carbo-
hydrates. Reduction in photosynthesis can re-
sult from: (1) leaf spotting (chlorotic or
necrotic areas) induced by certain fungi,
viruses, viruslike causal agents, and bacteria;
{2} blight and dieback induced by certain bac-
teria and fungi; (3) distortion and leaf stunting
induced by certain mycoplasma, viruses, and
viruslike agents; (4) bud proliferation induced
by mycoplasma; and (5) hypertrophia caused
by certain variants of mycoplasma (Costa and
Kitajima 1972) and the superclongation causal
agent (Lozano and Booth 1974; Krausz et al,
1976).

Several pathogens included in this group are
endemic in major cassava-growing areas (Lo-
zano and Booth 1974; Terry 1975a). Disease
severity appears to be related to susceptibility
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of the cultivar and climatic conditions in each
arca.

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 epiphytoties 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) Warietal resistance. Even though there
are no resistant commercial cultivars for many
cassava diseases, pood sources of resistance
have been identified and promising hybrids are
now being multiplied by IITA and CIAT (IITA
1973, 1974; CIAT 1974, 1975). Resistant
genotypes for CBB, Cercospora leaf spots,
superelongation disease, and Phoma 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-free planting marerial. 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. manihoris and Erwinia
sp.}, and epidermal and cortical fungi (Sphac-
eloma manihoricela, etc.). Methods for pro-
ducing CBB-free planting material have been
developed at CIAT (Lozano and Wholey 1974;
Takatzu and Lozano 1975; Cock et al. 1976).
The culture of meristematic tissues has also
been reported (Kartha and Gamborg 1975).
Both techniques are useful tools for producing
disease-free planting material. They could be
used to supply basic stock for the rapid multi-
plication method recently reported by Cock
et al. (1976).

(3) Roguing. Pathogens reported to be dis-
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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 leafl 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, Phoma leal blight, cassava bacterial
blight, etc. Their incidence and severity may be
reduced by selecting varicties 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). Appropriatc 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-
sult of attack by soil-borne pathogens. Post-
harvest root rot appears to be a combination of
physiological-pathological factors, generally ac-
celerated by mechanical injury to the roots
during the harvesting operations { Booth 1975).

Preharvest Root Rot

The appearance of preharvest root rot prob-
lems in a cassava plantation is generally a
result of using poor-quality, diseased cuttings.
Inadequate 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 be
strictly observed to prevent or reduce root rot
incidence. If root rots increase to levels higher
than 3% which is considered to be economi-
cally 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 than
others. 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 are 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
wo.

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 (Montalde 1973; Booth,
MNoon, 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 condition
of the product 1o 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 usc
of various surface sterilants and fungicides
{Booth 1975 ), refrigeration and waxing {Singh
and Mathur 1953; 11T, 1973). However, the
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high cost and low efficiency of these techniques
severely limit their use.

{5) Small quantities of rools can be pre-
served for several days by using simple tech-
nigues 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 up to 3 months in field clamps
similar to those used for storing potatoes in
Europe. He also reported that cassava could be
stored in boxes with moist sawdust at room
temperature, As a result of this research, it was
concluded that cassava roots, like many other
root and tuber crops, can be cured, requiring
only high relative humidities at temperatures
between 25 and 40 °C.

Conclusions

There are very few economically feasible
chemical control measures for cassava diseases.
The most 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 impmvcmq:m programs are
concerned with long-term research to produce
and release high-vielding 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,
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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 field was undertaken at the Coast Agricultural Rescarch Station, Mtwapa, during
1973-76 on moderately tolerant cultivar 46106/27 and highly susceptible cultivar F279,
The results indicate that control of mosaic in the field in coastal districts of Kenya is
possible by the use of mosaic-free planting material, the roguing of infected plants, and
by allowing a reasonable degree of isolation of clean plots from infected plots. They also

1Bock and Guthrie, Ministry of Overseas Development Crop Virology Project, East African
Agriculture and Forestry Research Organization, P.O. Box 30148, Mairebi, Kenya; Seif, Depart-
ment of Agriculiure, 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 ev 46106/27 and
cv F279 was 70 and 86% , respectively, and the drop in vield was significantly greater for

cv F279 than for cv 46106/27.

Over a vast area of Easl Alrica, 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 cemtury (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
Manihor esculenra > M. glaziovii hybrids back-
crossed to M. esculenra, form the basis of re-
sistance in international breeding programs
such as at the International Institute of Tropical
Agriculture, Ibadan.

Mone 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 this led us to consider the effect of
planting mosaic-free material on the cpidemi-
ology of mosaic.

Accordingly, we carried out a series of sim-
ple observational trials designed to study the
rate of spread of mosaic disease into initially
healthy cassava. This paper reports the results
of experiments carried out during the period
1973-76.

Materials and Methods

Because our results hold for one climatic
regime only (coastal districts of East Africa),
it is necessary to give a briel 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 ¥ esculenra derivative to esculenta)
and F279, an import from Java. Both varieties
are popular because of high yields and good
taste. They are both “sweetl” cassavas and may
be eaten raw.

46106/27 was released as a clone with a high
level of resistance, and one that stood up to the
exacting conditions at the coast (Doughty
1958). In our experience, however, plantings
of the clone may become totally infected, and
the reaction is moderately severe.

F279 is extremely susceptible to mosaic and
its reaction to infection is very severe indeed:
plants derived from infected cuttings are se-
verely stunted, with small, misshapen leaves
and a proliferation of shoots.

Sclection 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 % 25 cm polythene bags and the shoots
carefully inspected at 2-3-day intervals, over a
period of 6 weeks, for mosaic symptoms. Any
plant with possible symptoms was immediately
removed and destroyed. When the population
was free of visible signs of mosaic the cuttings
were moved to the field.

Design of Plots

Rate of Spread Within a Plot

Seven centrally placed, mosaic-infected cut-
tings of 46106/27 were surrounded by 5 con-
centric hexagons of a total of 156 mosaic-free
cuttings of the same variety. Plants were 1.5 m
apar:. The plot was planted during the short
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rains (9 November 1972}, and recordings be-
gan on 20 November, Each plant was inspected
for cassava mosaic at weekly intervals; infected
plants were nor rogued. This study was con-
cluded 14 months later, in January 1974,

Rate of Spread into Mosaic-Free Plots

One hundred mosaic-free plants each of
46106,/27 and F279 were planted in 10 alter-
nate rows of 20 plants; plants were | m apart
with 2 m between the double rows.

One such plot (Plot 1) was sited in open
grassland in December 1973; it was approxi-
mately 300 m downwind of cassava plots with
high incidence of mosaic. Weekly records were
taken of mosaic incidence, but, unlike the first
experiment, infected plants were immediately
rogued. The trial was discontinued in Decem-
ber 1974,

To ensure that results were not attributable
to site ecology, a further four similar plots were
established during the long rains in April 1975
in four areas of differing ecology. These were
Plot 2: on the same site as plot 1, initially with
some degree of isolation from other infected
cassava. Shortly after initiation of this trial,
several plots of cassava in which incidence of
mosaic was moderately high were planted
within 50 m of Plot 2; Plot 3: surrounded by
cashew trees; Plot 4: sheliered from the pre-
vailing winds by citrus, cashew, and coconut
trees; Plot 5: on a farm near Mtwapa Rescarch
Station, surrounded by widely spaced coconut
palm and mixed cultivation.

Crop-Loss Assessment Plot

The effect of mosaic on vield has apparently
never been assessed or estimated in Kenya, al-
though there are figures for neighbouring Tan-
zania, and other countries. To estimate the
effect of planting infected cuttings on yield of
a tolerant and a highly susceptible variety
(46106/27 and F279, respectively), a line of
35 plamis derived from infected cuttings was
planted between two lines of 35 plants derived
from mosaic-free cuttings. Rows were 2 m
apart with 1.5 m between plants. The trial was
established in May 1975 and lifted in February
1976.

The yield of each plant was recorded. Al-
though the design of the plot was not statistical,
the results were subjected to an analysis of
variance, data being transformed to logs for
analysis.
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Plot Management

Management of plots was kept to a mini-
mum. Fertilizer at the recommended rate for
cassava for Coast Province (150 kg/ ha sulfate
of ammonia, 200 kg/ha double superphos-
phate, 200 kg/ha muriate of potash) was ap-
plied at planting only.

Results

Rate of Spread Within a Plot

Spread from infected to healthy plants was
rapid and continued throughout the growing
season; at harvest {14 months) 84 of the 156
plants (54% ) were infected.

Rate of Spread into Mosaic-Free Plots

Spread into mosaic-free plots was very slow
and did not build up at any time during the
season. The incidence of 46106/27 was: plot 1,
2/100; 2,0/100; 3, 1/100; 4, 4/100; 5, 27 100;
of F279: plot 1, 15/100 (8 of these may have
been infected at planting); 2, 0/ 100; 3, 1/100;
4,2/100; 5, 5/100.

Crop-Loss Assessment Trial

The mean yield per plant (kilograms) for
46106,/27 healthy 3.55, diseased 1.19, healthy
4.16; for F279 healthy 3.31, diseased 0.52,
healthy 4.03.

Discussion

Our results suggest that control of mosaic in
the field in East African coastal districts is
possible by the use of mosaic-free planting
material, the roguing of infected plants, and
by allowing a reasonable degree of isolation of
“glean™ plots from infected plots. They also
suggest that, under the prevailing climatic con-
ditions, man is a more efficient vector, by his
use of infected cuttings, than is whitefly,

Whether these results apply to different cli-
matic regimes, for example where annual rain-
fall is higher and more evenly distributed, or
where the growing period is 18 as opposed to
12 months, remains to be seen. It seems that
tolerance in 46106,/27 is associated with a less
severe reaction of above-ground parts to infec-
tion; the drop in yield due to disease is signifi-
cantly greater (5% level) for F279 than for
46106/27. In the untransformed yield data,
loss in yield in 46106/27 was 70%, and in
F279 86%: it is thus gquestionable whether, on
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a yield basis alone, 46106/ 27 can be described
as tolerant. Any variety which sustains a 70%
loss would in most circumstances be described
as highly susceptible.

Our results call for further experimentation
in the field, including studies of the vector in
ecologically diverse zones. If the concept of
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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 Orpanization Annual Report,
1958, 48-55.

Synonymy in Sweet Potato Virus Diseases
J. Mukiibi'

The literature pertaining to virus or viruslike diseases of sweel polatoes suggests that
there are only two diseases definitely caused by viruses: sweet polato mosaic, with many
synonyms, and sweel potato internal cork. The other viruslike discases are either caused
by mycoplasma, mites, or are physiological in nature.

Martyn (1968, 1971) and Smith (1972)
listed seven virus diseases of sweel potatoes:
(1) feathery mottle; (2) internal cork; (3) mo-
saic virus A; (4) mosaic virus B; (5) russet
crack; (6) vellow 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 Myvzus persicae and not
by white flies. Virus B, a severe discase, is
transmitted to sweet potato by the white fly
Bemisia tabaci and not by aphids or mechanical
means. [ have frequently transmitted mechani-
cally the severe disease to sweel potato. The
aphid Myzus persicae is almost 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 greemhouse. The sweet potato feathery
mottle disease as described by Doolittle and
Harter (1945) is very similar to the sweet po-
lato mosaic syndrome described by Sheffield
(1957).

To help clarify the situation, | 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 1.

IDepartment of Crop Science, Makerere Uni-
versity, P.O. Box 7062, Kampala, Uganda.

Discussion

A total of 21 virus or viruslike 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 nm (Nome
1974; Nome et al. 1974) or 850-900 nm
{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 (Loebenstcin 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 (MNoble 1935; Stevaert
1946), curly top and yellow dwarf (Hilde-
brand 1958a,b) are 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



Table 1. Motes on virus and viruslike diseases ol sweet potalo.

Symptoms and
Disease modifying factors Transmission Causal agent Distribution Imporance Control

Mosaic Vein clearing, vein Myzus persicae, Bemisia  Virus(es) several strains.  USA, Pueno Rico Very severe in East and Virus-free planting
banding, leafl distortion,  teboci. Grafting, mech-  Flexuous rods 761, 767 or  Venezuela, Uganda Central Africa andin material; heat therapy
small leaves sometimes anically, vegetative E50-890 nm, Serological  Kenya, Tanzania, Malawi Southern USA aswellas  possible at 110°F; contral
wrinkled; short internodes propagation. Not seed characteristics not South Africa, Zaire South Africa and with resistant cultivars
and rosetting; may cause  transmitted. reported Migeria, ? Ghana 7 Australia possible; spraying against
necrosis in tubers; TAustralia vectors did not reduce
SYMpLOm eXpression varies incidence in Uganda
with temperature and
cultivar

Celery Same as above; apparently Aphis gossypii Virus presumed Cuba, Florida (LISA) Mot specified Mot specified

mosaic a disease of celery trans-

ferred artificially to sweet
potatoes

Mottle leaf  Yellow spots on foliage White Ny: Trioleurodes Virus presumed LISA, South Africa Severe in combination Mot specified

abutilonea with “vellow dwarf*" in
South Africa

Leaf spot Small yellow spots almost  Not specified Wirus presumed USA Mot specified Mot specified
like above but smaller

Ringspot  Conspicuous chlorotic Myzus persicae but not Virus particles of unspeci- USA, Israel Mot specified Mot specified
spots plus stunting; Bemisia tabaci; also fied size; some particles
symplom expression transmitted mechanically  similar to feathery mottle
varies between cultivars virus but differ from

cucumber mosaic

Vein clearing Similar to mosaic Grafting; Bemisia tabact  Virus presumed USA, Ghana, lsrael Very severe losses in Mot specified
especially as found in East  but not mechanically Israel and Ghana
Africa; symptoms masked
by heat

Leaf pucker Leal mottle, vein clearing, Grafting but not aphids ~ Virus presumed Israel, Philippines Minor loss Mot specified
leaf wrinkling, folding and nor whitefly
reduction in size; develops
better in cool weather

Rosetie Stunting and proliferation Mot specified Virus suspected Australia, Zaire Destruciive in both areas Mot specified

of branches from leaf axils




Curly top

As above

Mot specified

Virus suspected

Australia

Destructive

Mot specified

Feathery
maodtle

Random bright vellow
spodts or streaks; vein
clearing and banding; leaf
vellowing, distortion,
stunting; some aspects
similar to East African
“yirus A'; also shown

to consist of three
components: vellow
dwarf, internal cork and
leaf spot; symptoms
more apparent in shade;
cultivars react differently

Girafting; mechanical;
Myzus persicae (non-
persistent), Aphis gossypil,
Aphis apii, Microsiphum
solgnifolii, T, aburilonea

Virus; flexuous rods of
B00-844 nm; sub-strains

suspected

LISA, Japan
Mew Guinca, ? Ghana

Potentially destructive

Control with resistant
vareties possible

Russet
crack

Leal symptoms same as
mosaic and feathery
mottle; roots with super-
ficial longitudinal cracks
which may become corky;
symploms masked by
temperature; cultivars
react differently

Grafung; Myzus
persicae and A, gossypii

Virus; Mexuous rods of
800 and 876 nm scen;
cross protection with
feathery mottle

USA, Tonga
Australia, New Zealand

Reduces market guality
and yield

Mot specified

Internal
cork

Dark brown to black
necrotic spots in tuber
flesh starting as collapsed
cells; development of
phellogen around spots
progressively producing
cork; also sunken corky

lesions on surface of tuber;

Mechanical; Myzus
persicae, Aphis gossypil,
Macrosiphum solanifolil,
grafiing; vegetative
propagation

cork may develop following

mechanical injury; on
foliage vein clearing,
banding, green mottle,

purple spots, bronzing, and

necrotic streaks; three
strains: severe, moderate,
and mild. Heat enhances
symptoms, warmer s0il
increases severity

Virus; viral RNA
detected and polyhedral
particles of 450-475A°
seen

LISA, Tonga
Mew Zealand, 7 Uganda

Yield unaffected but
market value drastically
reduced; Mavour not
affected; greatest effect
in storage at high
temperature

Spraying against vectors;
storage at §5-60°F;
resistant lines developed;
tissue culture potential

Mottle
NECrosis

As for internal cork;
apparently renamed
internal cork

Mot specified

Pyrhivm sp., boron
deficiency

LisaA

Severely reduces
market value

Application of boron failed
to control disease



Table 1. Notes on virus and viruslike diseases of sweet potato (concluded).

Symptoms and
Disease maodifying factors Transmission Causal agent Distribution Imporntance Control
Internal root Brown necrotic streaks in - Grafting failed Physiological Mew Zealand Mot specified Mot specified
necrosis  (uber; not affected by
storage at T5°F
Little leaf Small narrow distorted Grafting; Halticus Mycoplasma-like bodies  Tonga, New Zealand Severe in Papua Tetracycline; heat therapy
vellow leaves; stunting; tibviglis. Believed seen; virus suspected Papua New Guinea Mew Guinea 45-65°F; resistant clones;
some necrotic streaks; soil-borne roguing ineffective
rosette effect similar 1o
Ishukubyo
Witches' As for little leal Grafting Nesophrasyne ? Virus; mycoplasma-like  Japan, Taiwan, Korea Very severe on Ryukyu Tetracycline; terramycin,
broom rvukyuensis; not by aphids, bodies seen 200-250 um Java, Tonga, New Islands hot water 45-60°F;
other leaf hoppers or seed  in phloem Zealand resistant clones developed
Dwarf or Dwarfing; proliferation  Not specified 7 virus; disease Ryukyu, Japan Severe on Ryukyu [slands Mot specified, but see
ishukubyo  of shoot from axils; apparently same as witches" broom
small yellow leaves; stem Witches' broom
produces little or no latex
Yellow Stunting, reduced leaf Grafting; Trigieurodes Virus suspected USA, Tsrael Yery severe in parts Hean therapy, water
dwarl size and similar 1o East abutilonea adults only Mew Zealand, South of USA al 38°C
African mosaic disease Africa
“*wirus B*
Hard-core  Hard regions of tuber, Mot specified Conflicting views: virus USA Reduce cooking quality Mot specified
inedible after cooking; particles seen, flexuous
condition increases with rods 700 nm in roots and
cold, reduces with heat leaves; physiological
Erinose Little o extreme hairiness Spider mite Aceriag sp. Mot known with Uganda, Kenva Affected vines produce Spraying with azobenzene
of vines and leaves, leaf  Not transmitted by certainty. Mites suspected Tanzania, Zaire and few tubers.
size reduced, plants grafting maore than virus, Rwanda
stunted, necrosis of
terminal buds; swelling of
affected vines; varies
with weather
Bitter root  Roots bitter to taste Mot known Mot known Teso, Lango, West Mile  Affected tubers too bitter  Not known

either raw or cooked.
Sometimes there are
swellings on bitter roots
possibly induced by insects.
Mo external leafl symptoms.

and North Kiger districts
of Uganda.

for eating. Yield appar-
ently not affected
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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
{ Doolittle and Harter 1945). A comparison of
the photographs showing the symptoms of this
disease {Doolittle and Harter 1945) and Shef-
field's (1957) photographs of the mosaic dis-
eases of sweet potatoes in East Africa, shows
clearly that the symptoms of the two discases
are identical. The virus particles identified in
both diseases also appear very similar (Nome
et al. 1974; Hollings et al. 1970) and both
diseases are masked by high temperature.
Further, Alconero (1971) and NMome et al.
(1974) have shown that the feathery mottle
discase 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 discase, 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 apparcntly the same and
was renamed “internal cork virus" disease
when its etiology became known.

Little leaf (van Velsen 1967), witches’
broom (Murayama 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 secems to be a disease of uncertain
etiology. Daines 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 affected by hardeore. These
workers do not specily 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
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cork, is not 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 ex-
treme 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 Sheffield failed to transmit it by grafting.
Affected vines recovered from the disease when
they were fumigated with azobenzene. Hence
available evidence suggests that the discase is
caused by mites sensu stricto.

There is a disease in Uganda known as “bit-
ter root™ which makes the tubers unpalatable.
The disease has not been investigated suffi-
ciently and its etiology is therefore unknown.

Conclusion

From the evidence, it appears that there are
two distinct virus diseases of sweet potaloes:
(1) sweet potato mosaic covering all diseases
with mosaic symptoms as well as feathery
mottle and russet crack; these diseases are asso-
ciated with virus particles consisting of flexuous
rods 760-900 nm; and (2} internal cork char-
acterized by tubers containing necrotic regions
surrounded by phellem. The foliar symptoms
may be of a mosaic type but the disease is
associated with polyhedral virus particles.
There is no conclusive evidence that hardcore
discase 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 symptomatology
of sweet potato and other hosts, and from the
mode of transmission. Only 1o a limited extent
has this knowledge been based on electron-
microscopy or serology. There is a need for
more electronmicroscopic and serological stud-
ies of sweet potato viruses to verify the identity
of each and to better understand the relation-
ships between the diseases,
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Effect of Mosaic on the Yield of
Sweet Potatoes in Uganda
J. Mukiibi'
The sweel polato mosaic virus disease caused a 57% reduction in vield, both in terms

of the weight and the number of root wwbers produced by the sweet potato variety Kye-
bandula. The sample plots were grown at the Makerere University farm in Uganda.

Sweel potato mosaic was first recorded in
Uganda by Hansford (1944a) who noted that
it was very severe in some areas. Later he
published an account of his observations
{Hansford 1944b) on a trial of sweet potatoes
at Kawanda Rescarch Station in which he
noted that the effect of the disease was prob-
ably high judging by the appearance of affected
plots. However he gave no data on the effect of
the discase on yield.

Sheffield (1953) surveyed the incidence of
the disease in Kenva, Uganda, Tanzania,
Rwanda, and Zaire. While on this survey she
was informed that the disease was probably
responsible for the degeneration of sweet
potato varieties on peasant farms. This view
was also expressed by Macdonald (1965) who
thought that the rapid turnover of sweet potato
varieties in Uganda was probably due to virus
diseases.

Sheffield (1953) also learned that on a farm
in Eastern Zaire, where sweet potatoes were
grown to feed mine workers, yields had de-
clined from 30 to 4 metric tons per hectare.
The growing of sweet potatoes on that farm
was later abandoned, apparently because of
virus diseases. .

Yet, despite these observations, some ex-
tension workers feel that sweet potato virus
diseases did not cause much loss in Uganda. An
experiment was therefore conducted at the
Makerere University farm to establish the loss
likely to result from sweet potato virus infec-
tions,

Materials and Methods

The sweet potato variely Kyebandula was
planted on ridges 90 cm apart and 30 cm be-
tween plants. The experiment consisted of five
treatments as follows: plots were planted (a)
with all vines apparently healthy, (b) 25%,

1Department of Crop Science, Makerere Uni-
versity, P.O. Box 7062, Kampala, Uganda.

(e) 50%, (d) 75% of the vines infected by
mosaic, and (e) plots planted with all infected
vines. The vines chosen for planting were 20—
30 em long with 4=5 fully expanded leaves. All
the leaves on infected vines had clear symp-
toms of mosaic,

The experiment consisted of four replicates
and the plots were assigned within replicates in
a latin square design. The plots consisted of
five rows 4.5 m long. The planting of the vines
was performed as follows: to obtain a propor-
tion of 25% infected plants, one diseased
plant was planted for every three healthy
plants, for 50% every alternate plant was dis-
cased, for 75% three infected plants were
planted, for every one healthy plant. The vines
were buried about 10 em deep.

The potatoes were harvested 150 days after
planting. During this period there was some
secondary spread by the virus ranging from
119 for all healthy and 25% diseased, 16%
for the 509 diseased, and 23% for 75% dis-
eased plantings.

Results and Discussion

The results are summarized in Table 1,
which shows that the average vield per plot
was, as expected, lowest in those planted with
only infected vines and highest in plots planted
with only healthy vines. The disease caused a
reduction in weight vield and number of tubers
of 57.1 and 57.3% respectively, in the totally
affected vines. The yield was progressively re-
duced as the proportion of the diseased vines
increased in the planting material.

The fact that the percentage loss is about
equal both for weight of potatoes and number
of potatoes per plot indicates that the effect of
the disease is to reduce the number of roots
which form tubers.

At the time of harvest, the incidence of the
disease had reached 119 in plots planted with
healthy vines alone. This level of disease must
have depressed the yield in those plots. This
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Table 1. Effect of planting various proportions of healthy and mosaic-infected
sweel potato vines on the yield of sweet potatoes,

Average
weight of Average
T of mosaic  potatoes per number of  loss ¢ loss
vines per plot plot ikg) tubers/plot in weight yield intuber number
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 9.5 47.3 6.7
100 8.9 604 57.1 51.3

means that the true loss due to the disease was
probably higher than 57%, perhaps about

*

Hansford, C. G. Report by plant pachologist. In
Annual report for July 1943-June 1944, 1944a,
5-T.

A probable virus disease of sweet potatoes.

East African Agriculiural Journal, 10, 1944b,
126-127.

Macdonald, A. S. Variation in open pollinated
sweel potate seedlings in Bupanda, East Africa.
East African Agriculture and Forestry Journal,
31, 1965, 183-188.

Sheffield, F. M. L. Virus diseases of sweet potato
in parts of Ajfrica. Empire Journal of Experi-
mental Agriculture, 21, 1953, 184190,

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 Ihadan on D.
rotundara Thobia variety, Field symptoms included green vein-banding, shoestring, and
distartion. The virus was transmitted mechanically, and by nymphs and winged adults of
the cotton aphid Aphis gessypii 1o seedlings of D. rorundata, Test plants in mechanical and
vector transmassion studies exhibited mainly green vein-banding. The role of 4. gossypii in

field spread of this disease is discussed.

Virus diseases of Diescorea spp. have been
reported mainly from West Africa and the
Caribbean, but may probably occur in all yvam-
growing areas of the world {Coursey 1967).

In Nigeria, reports by Chant (1957) and
Robertson (1961) reported localized inci-
dences of a virus disease of D. alara, cavenensis,
and rotundata. Infected plants appeared
stunted, with proliferation of lateral buds
giving the plant a bushy form. Foliar symptoms
consisted of mottling, vein-clearing, and some-
times lanceolation and distortion (Robertson
1961). .

Robertson's (1961 ) attempts to transmit the
agent by mechanical inoculation were unsuc-
cessful and he suggested that the disease was

nternational Institute of Tropical Agriculture,
P.M.B. 5320, Ibadan, MNigeria.

%

caused by a physiological imbalance in the
plant.

Some preliminary results on the incidence,
symptomatology, and transmission of a Dips-
corea spp. virus disease in Nigeria are pre-
senfed.

Disease Incidence

Tubers harvested in 1974 from six varieties
of D. rotundata (Laoko, Boki, Thobia, Okum-
ado, Iwo, and Umudike) were planted at IITA
in April-May 1975. Virus disease incidence
was highest in Thobia, with 51.9, 8.1 and 2.8%
of the plants manifesting green vein-banding,
shoestring, and distortion respectively. There
was considerable variation in varietal suscep-
tibility to the virus but it appeared that all
varicties were susceptible (Table 1).
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Table 1. Incidence of yam virus disease on vegetatively propagated Discorea rotundata plants
(IITA lbadan 1975).

Total GVB Shoestring Distortion and stunting

Families Mo, Mo. or Mo. e Mo, or
Lacko 20 1 3 — — —
Boki 549 17 Ll 13 23 2 0.36
Ihobia B39 436 51.9 68 8.1 2 2.80
Okunmodo 13 — = 1 1.6 — —
Umudike 936 95 9.8 43 44 7 0.72
Iwo 1154 278 24.0 5 0.43 6 0.51

Fig. 1.
rotundata,

Green vein-banding on Dioscorea

Symptomatology

The most consistent symptoms of virus in-
fection during the growing season were: (1)
green vein-banding, which consisted of dark-
green leaf veins against light-green interveinal

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 Inoculum

Crude sap for mechanical inoculation was
prepared from infected plants manifesting ex-
clusively one of the following symptoms: leaf
mottling (MOT), green vein-banding (GVB),
shoestring (58), or green vein-banding to-
gether with distortion { GVB/Dist). Inoculum
from plants exhibiting each symptom type was
prepared by macerating 5 g of infected leaves
in 1 ml buffer solution containing 0.05 M,
pH 7.0 phosphate buffer and 0.01 M cysteine
hydrochloride (Ruppel et al. 1966). Activated
charcoal was added to the inoculum during
maceration.

Test Plants

Seeds obtained from female Boki plants were
germinated in petri dishes. Seedlings were later
transplanted in peat pots and. grown under
fluorescent light to the 3-leaf stage before
transplanting in sterilized soil in pots.

Inoculation

Test seedlings were inoculated at the 3-leaf
stage by rubbing carborundum-dusted leaves
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Table 2. Mechanical transmission of yam virus to . rotundara Boki variety
(IITA Ibadan 1975).

MNo. of tested  No. of infected Symplom
Virus source plants plants expression
0. rotundata (GVB) k| 26 GVE
£} | 2 GVE/S5
D, rotundata MOT) 0 0 Gve
D. rotundara (S5} 23 15 GVB
D. rotundara (GVB/DIST) 20 18 Gve
Check 47 0 -

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 cm2/day.

Insect Transmission

The cotton aphid, Aphis gossypii (Glov.)
(identified, courtesy of the Commonwealth In-
stitute of Entomology, London, England) was
frequently observed infesting D. rotundata
plants at 1ITA, and more often, a common
weed (Commeling  benghalensis)  growing
among yam plants. A preliminary test to iden-
tify biological factors responsible for the rapid
spread of the disease was conducted by protect-
ing 25 disease-free D. rotundara 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 symptoms were observed on
the unprotected seedlings which were infested
with A. gossypii 10 days after planting, whereas
60 days after caging, all the seedlings protected
from insect infestation remained symptom-
free.

Nymphs and adults of 4. gossvpii were
reared on C. benghalensis in cages, They were
given a 4-h access feeding on infected D. ro-
tundata plants and then transferred to disease-
free seedlings for a 4-h inoculation feed. An
equal number of virus-free aphids were trans-
ferred to another set of seedlings from the same
source and allowed to feed for the same period.
At the end of the feeding period they were re-
moved by a fine camel-hair brush.

To determine the minimum time required
for inoculation by aphids after access feeding, a

serial transfer study was conducted. Inocula-
tion feeding periods were varied from 1 min
to 4 h (with 30 min intervals) with the same
aphid, on a series of test plants.

Results and Discussion

Mechanical transmission studies indicate
that irrespective of the inoculum source, 97%
of the infected test plants manifested only the
green vein-banding symptoms (Table 2), How-
ever, two of the infected plants exhibited shoe-
string and bushy-form symptoms 77 days after
inoculation. The interval between inoculation
and green vein-banding symptom expression
ranged from 7 to 13 days. All of the untreated
plants were symptom-free after 90 days. At-
tempts to mechanically transmit the virus te an
unidentified wild species, and also to D. pre-
tssii and D. data, were unsuccessful,

Vector transmission studies indicate that A,
gossypii is a very efficient vector of the virus
(Table 3). All infected plants developed the
characteristic 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 symptoms. The re-
maining plants in the inoculation series were
symptom-free. Both nymphs and adults of A.
gossvpii were capable of transmitting the virus.

In the mechanical inoculation tests, all in-
fected test plants manifested the characteristic
green vein-banding between 7 and 13 days. On
a few plants, however, leaf mottling preceded
the green vein-banding, and on two plants
lateral shoot proliferation and shoestring were
observed after 77 days.

Under field conditions, leaf mottling is
normally followed by green vein-banding, sug-
gesting that the former is an early manifesta-
tion of the disease but transient in nature. The
occurrence of lateral shoot proliferation and
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Table 3. Vector transmission of yam virus to D, rorundata Boki variety

{IITA Ibadan 1975).

Inoculation
No. of tested period No. of infected  Symptom
Virus source plants (min) plants expression
D. rotundara (GVB) 7 240 17 GVB
D. rotundata (GVB) 27 1 7 GVB
Check 20 240 0 —
Check 18 1 ] -

shoestring after a long incubation period can-
not be readily explained.

The relationships between the virus, varietal
reaction, symptom expression, and incubation
period with particular reference to the charac-
teristic shoestring symptoms are being further
investigated.

Transmission attempts with a green-banding
virus of Dioscorea spp. in Puerto Rico { Ruppel
et al. 1966) resulted in an extremely low (20%)
transmission to D, composita and D. flori-
bunda, Transmission percentages in this study
to D. rotundata, however, were as high as
80%% . It is not known whether the Puerto Rico
virus is similar to that in Migeria. Investigations
to determine the properties of the Nigerian
disease agent are in progress,

Rearing of 4. gossypii on caged C. ben-
ghalensis was relatively easy. Attempts have
not been made, however, to rear them on caged
D. rotundata. The ease with which A. gossypii
transmits the virus, and the level of field in-
festation of yam by this aphid indicate that it

may play a role in the field spread of the dis-
ease. Transmission of the virus by nymphs after
1 min inoculation feeding, after which they
appeared to lose infectivity in subsequent serial
transfer, suggests a nonpersistent relationship
between the virus and the aphid.

Investigations are in progress to identify
other yam-infesting insects that may also be
vectors of the virus,

Chant, 5. R, Annual Report, Federal Department
of Agricultural Research, Nigeria, 1934735,
1957,

Coursey, D. G. Yams. Longmans Green & Co.
Lid.. London, 1967, 230 p.

Robertson, D. G. Annual Report, Federal De-
partment of Agricultural Research, Nigeria,
1959760, 1961.

Annual Report Federal Department of Agri-
ciliwral Research, Nigeria, 1962/63. 1964,
Ruppel, E. G., Delpin, H., and Martin, F, W. Pre-
liminary studies of a virus disease of sapogenin-
producing Diescorea species in Puerto Rico, 1.
Agric. Univ. Puerto Rico, 50, 1966, 151-157,

Lipid Metabolism in Mosaic-Infected Cassava

C. A. Ninan, Susan Abraham, L. Sandhyavathi Bai,
P. N. Chandrasekharan Nair, and Philomena Kuriachen'

Twao varieties of cassava, M4 and H.165 (accession numbers M.67-01 and M.72-10),
were selected for studies on the lipid metabolism in cassava mosaic-infected plants. There
was a decrease in total lipids, phospholipids, and triglycerides in the leaves and petioles of

both infected varicties.

Discases exert a profound influence on the
metabolism of the host plant. Diener (1960}
reported a high concentration of asparagine
and glutamine in virus-infected cherry and

1Department of Botany, University of Kerala,
Trivandrum, India.

peach leaves. Accumulation of asparagine was
also reported in maize plants infected by maize
rough dwarf virus (Harpaz and Applebaum
1961). Previous studies have shown that in
mosaic-infected cassava, carbohydrate and
nitrogen metabolism are altered due to the
virus infection (Beck and Chant 1958; Ala-
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gianagalingam and Ramakrishnan 1970, 1974),
Ramakrishnan et al. (1969) found that the
respiratory rate in mosaic-infected cassava
leaves is higher than that in healthy leaves.
Alagianagalingam and Ramakrishnan {1969)
found higher quantities of phosphorus, cal-
cium, and sodium in mosaic-infected cassava
leaves. There was less magnesium and iron
than in healthy leaves.

Materials and Methods

Two varicties of cassava, M; and H.165, were
selected for the study. In each variety, a com-
pletely healthy and a diseased plant were select-
ed for lipid estimation. Leaves of uniform ma-
turity from plants grown in the same field were
used for analysis. Total lipids, phospholipids,
and triglycerides of leaves and petioles in both
varieties were determined.

The tissues were extracted twice at 60 °C
with ethanol-ether (3:1 v/v) for 2 h followed
by chloroform-methanol extraction (1:1 /v,
also twice). The extract was centrifuged each
time at 1500 g for 30 min. The combined
supernatant was made up to a known volume
with ethanol and samples used for the estima-
tion of the lipids,

Total lipids were estimated by the gravi-
metric method (Brand 1963). Phospholipids
were determined by the Ackermann and Toro
(1963) methods, Triglycerides were estimated
using florisil column to separate the phospho-
lipids, hydrolyzing the eluted triglycerides, and
estimating the glycerol liberated (Van Handel
1957).

Results and Discussion

Diseased plants recorded reduction in total
lipids in both the leaves and petioles (for M4,
7.5 and 12.2%; H.165, 4 and 8.5%). The
percentage reduction in phospholipids in leaves
and petioles was: M4, 18 and 54.6% ; H.165,
18 and 72%. There was a reduction in triglyc-
eride of 11 and 19% in the leaves of M4 and
H.165 respectively, and of 39 and 28% in
petioles,

The reduction in lipid metabolism in cassava
mosaic-infected cassava plants observed in this
study may be due to the decreased synthesis or
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increased breakdown of lipids. Carbohydrate
metabolism is closely interrelated to lipid
metabolism; it is possible that the reduction in
carbohydrate metabolism in cassava mosaic-
infected plants may also be responsible for the
reduction in lipid metabolism.

This study has been made possible through the
efforts of Prof A. Abraham, University of Kerala
(now in the FAO) who had assembled a vast col-
lection of germ plasm of root and tuber crops in
this department. We are grateful to him for access
to this material. We are thankful te the United
States Depariment of Agriculture for 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 of
Biochemistry, University of Kerala, for providing
necessary facilities.
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Cassava Bacterial Blight in Taiwan
L.S. Len'

Common bacterial blight, the most important cassava disease in Taiwan, was probably
present before 1945, The disease is systemic in nature and transmitted primarily by
cuttings contaminated with bacteria and secondarily by wind-borne water. Angular leaf
spots, wilting, defoliation, pum exudates on leaf lobe, stipule, stem, especially on the latter
two, and death of plants are caused by vascular-invading bacterium Xanthomonas mani-
hotis, which confines itself to the genus Manihotis and shows poor survival ability in the
soil. 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 with
contaminated scissors, and pouring into injured roots of young plants,

Cassava Manihot wiilissima has been culti-
vated in Taiwan for more than 80 years. At
present, 22 000 ha of cassava are grown on the
island where the total arable land is 915 000 ha.
Cassava is the 8th largest crop in Taiwan next
to rice, sweel polalo, sugar cane, peanut, soy-
bean, tea, and corn. Cassava is grown mostly
on marginal lands in mountain hills and slopes,
or in flat areas without irrigation. The total
yield is close to 330 000 tons annually with an
average yield of 16 tons/ha where the crop is
grown for 1-2 years. Most roots are used for
starch production and only 20% is made as cut
chips for animal feed. Recent starch produe-
tion reached 65 000 tons and is generally used
as adhesive for eel feeding materials, textiles,
paper, and paperboards, or as raw materials for
producing glucose, antibiotics, and sodium
glutamate. The requirement for cassava starch
is still growing.

Some parasitic fungi (Cercospora cassavae,
Colletatrichum manihoticola, Guignardia ma-
nihoticela, Irpex lacteus, Macrophoma cas-
savae, Pellicularia rolfsii, Phoma manihotina,
Phyllosticta cassavae, and Sclerotinia sclero-
tiorum) of cassava have been reported (Sawada
1919, 1955). These and possibly others are
probably present in Taiwan, However, most do
not cause serious damage except common
bacterial blight (CBB), known as 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 CBB was first noted
at Puli, central Taiwan, 1963, though the dis-
ease probably existed before 1945 (Mau 1951).
Since then the disease has become island-wide,

1Plant Pathology Division, Plant Protection
Center, Wufeng, Taichung 431, Taiwan, Republic
of China.

and some fields have been abandoned, The dis-
case was caused by Xanthomonas manifiotis
(Leu 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 sub-
stances present within tissues on potato dex-
trose agar (PDA) at room temperature or at
26=-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 to
PDA. The culture was renewed by new isolates
or sometimes from the culture stored in the
laboratory 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 natu-
rally infected plants and those of artificially
inoculated ones, The materials were also used
for histological studies. Both paraffin and free
hand sections were cbserved.

For inoculation, a thick bacterial suspension
prepared from the culture on PDA was intro-
duced to cuttings: (1) by dipping the cuttings
for 1-2 min. draining and planting: and also for
I-2-month-old plants, (2) by injecting below
the apical meristem; (3) by spraying on leaves
at dusk; or (4) by pouring the bacterial suspen-
sion inte an injured root. “Wu-Chi,” the most
widely cultivated variety, was used exclusively
except as otherwise mentioned. Cutting of
leaves by contaminated scissors was also tried,

Survival of the bacteria in the soil was de-
termined by planting healthy cuttings into flats
prepared: (1) by pouring the bacterial suspen-
sion into wet soil; and (2) by mixing soil with
sliced diseased plantlets.

For morphological studies, the bacteria were
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shadowed with chromium tungstic oxide and
observed by electronmicroscope. The samples
were prepared from those inoculated on PDA
at 26 °C for 24 h. Physiological studies fol-
lowed standard methods. Thermal death point
was determined by pipetting bacterial suspen-
sion into a 1-mm diameter glass tube, sealing
the end, and treating in a temperature-adjusted
water bath for 10 min.

Results

More than 80% of 150 pieces of tissues grew
mucoid and colourless colonies on PDA
1-3 days after isolation. After single cell cul-
tures, more than 30 isolates were tested for
their pathogenicity by injecting the bacterial
suspension near the apical meristem. No differ-
ences in pathogenicity were observed,

After the dipped cuttings sprouted to 1-6 cm
or 10 cm high, the leaves wilted and the plant-
lets died in a few days. Before death, pum was
exuded on the stipules and the stem, being
white at the beginning and changing to golden
yellow and then brown. The gum exudates
swelled and turned “spongy” and white when
water was available (Fig. 5). The hacteria
within “spongy™ exudates were thus spread by
wind-borne rain to necarby plants. The tissues
where gum protruded were sunken, irregular,
spindled but enlarged longitudinally, turned to
purplish and finally blackened and caused the
death of the plants by girdling the stem. The
same syndrome was observed when the plant
was derived from bacteria-contaminated cut-
tings.

In larger plants, wilting occurred totally or
laterally. When death of plants was not so
acute, buds from each node sprouted in situ but
then wilted, died, and usually exuded gum.
Gum exudate could also be observed on green
capsules, but seeds were gum-free. Discolora-
tion of vascular tissues could be observed on
the stem and also on vascular tissues of swollen
roots (Fig. 6). However, no destruction of root
and gum exudales was observed,

The diseased plants could be observed
throughout all seasons, although epidemics oc-
cur when plants are young and the weather is
warm and wet (March-November). In warm
winter, gum exudate could be observed on
matured tissues of the stem, particularly in
Brazil No, 4 variety.

When plants were injected with bacterial
suspension, gum usually exuded from the point
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of injection and then spread to upper parts of
stems and stipules, Infection was high and
usually reached 100%,

After sprayving, wilting and gumming of
plants occurred in 10-20 days, About 10% of
the inoculated plants left uncovered died, and
90-100% of those covered with plastic bags
died after inoculation.

Water soaking symptoms were not observed
when very young plants were uncovered, and
were not conspicuous even when covered with
a plastic bag. However, water soaking lesions
were clear when robust growing plants were
inoculated and covered with a plastic bag. The
lesions developed to angular leaf spots a few
days after inoculation (Fig. 3). Gum exudates
also occurred from angular spots when hu-
midity was high. Angular leaf spots sometimes
coalesced and formed necrotic bands. Gum-
ming on stipules and stems followed and wilt
then oceurred. Plants grown in rich soil showed
recovery after a few leaves wilted and de-
foliated; however, gum exuded heavily on the
stem tissues. Recovery of discased plants also
took place in newly planted ficlds rotated with
summer radish. Heavy manure had been ap-
plied and resulted in less disease.

Pouring the bacterial suspension onto the
injured root caused wilting and death of the
plants 3—4 weeks after inoculation in the sum-
mer. Only 1 out of 5 plants was infected in
cach of two tests, Symptoms developed mostly
near apical young tissues even in rather small
plants (15-20 ¢cm high).

Leaf blades cut with bacteria-contaminated
scissors wilted and defoliated without gum-
ming. The leaves later wilted, sometimes ex-
uding gum on stipules and stems, Plantlets died
in 1-2 months after inoculation. However,
death occurred faster in some varieties, corre-
lating well with their degree of resistance in the
field.

For screening resistant varieties, cuttings of
different varieties were dipped into the bac-
terial suspension and then planted. All 21
tested varieties showed 50-100% infection. On
average, 75.2% of plants wilted and died, al-
though 67% of the widely cultivated variety
“Wu-Chi" wilted and died. For some other un-
tested varieties, all showed symptoms and high
disease incidence including Brazil No. 4.

Host range of the bacterium was confined to
cassava, Injections near the apical meristem of
the seedlings of tomato, watermelon, lettuce,
cucumber, sorghum, and lima bean, and also
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Fig. 1 Free-hand section shows black-coloured substances filling some of the integrated vessels. Fig. 2
Free-hand section shows black-colonred substances filling vessels and paranchymatous cells. Fig, 3
Angular leaf spots on cassava leaf: note gpum exudaie on the spois (inaicated by arrow ). Fig. 4. Polar
pniflageliated cells of Xanthamonas manihortis, Fig, 5. Gum exudate showing “spongy” area. Fig. 6.
Vascular bundles turned black in root of diseased plant (13) but white in healthy plane (H).

into trees { Bischofia trifoliata, Codiaewm varie-
galum, and Euphorbia pulcherrima) all failed
1o show symploms. Negative results were also
obtained by pouring the bacterial suspension
into the injured rools of the above-mentioned
scedling plants,

Ability of the causal bacterium in the soil to
induce the disease showed that either 3 out of 9
or 2 out of 12 plants wilted and died respec-
tively, soon after cuttings were planted in the
flat. The bacterial suspension was poured and
mixed with soil and infected plants were

chopped and mixed with the soil. However, il
the cuttings were planted 1 or 2 weeks later, no
symptoms appeared. The experiences in the
field also demonstrated that not all replanted
cuttings on the rogued sites of the wilted plants
showed symptoms,

CBB could be transmitted primarily by bac-
teria-contaminated cuttings and secondarily by
wind-borne water carrying bacteria. However,
some insects may transmit the disease, such as
bees.

Losses caused by CBRB differed from field to
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Fig. 7 Paraffin section shows “pocker” in the
stipules.

field. In the most severe cases, the field had to
be abandoned. Some 30% loss was experienced
where the disease was endemic, Control meas-
ures such as precaution in selecting healthy
cuttings and roguing of the young diseased
plants were practiced.

Histological studies revealed that vessels
were attacked, with brownish black substances
filling some of them and nearby parenchyma-
tous cells in the vicinity of the pith (Fig. 2). In
phloem cells similar substances were also ob-
served. Some wvessels disintegrated and dis-
solved (Fig. 1), presumably by enzymatic
action. The dissolution of the tissues was ini-
tially along outer vessels but then expanding
and forming a pocket. Several pockets were ob-
served in the same cross section (Fig. 7). As
the pocket enlarged, the epidermis erupted and
gum substances containing polysaccharides and
the bacteria were excreted. Pith tissues were
free from infection and remained intact (Fig.
1-2).

The bacterium is rod-shaped with round
ends, uniflagellated at polar (Fig. 4), no cap-
sule, gram-negative but tended to be positive
when aged. Average measurement was 0.9-1.5
X 1.8-3.2 um.

The bacterium grew poorly on nutrient agar,
circular, convex, entire, and filiform on agar
stroke, no odour, without fluorescence, milky
white in colour, and sticky. On PDA surface,
growth was excellent, milky white, mucoid,
but when stable the growth was only along the
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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%
solution,

Very weak growth and a slight acid produc-
tion were obtained with dextrose, sucrose,
n-xylose, p-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 hydro-
gen sulfide formed in 6-7 days (opposite re-
sults were obtained by C. T. Chen, from dif-
ferent isolates; personal communication 1975).
Nitrates could not be used. Catalase reaction
was positive; also positive for cytochrome
oxidase; Voges-Proskauer reaction was nega-
tive,

Mo 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 X. manihoris,
thus the name common bacterial blight was
applicd, CBB has been reported in Central and
South America, and some paris of Africa
{Lozano 1975). Detailed studies on this dis-
case have been reported { Lozano and Sequeira
1974a, b).

Since no resistant germ plasm is present in
Taiwan, we are unable to control the discase by
using resistant cultivars. Through the courtesy
of CIAT, we introduced some cassava seeds in-
cluding those with resistance from crosses with
M Col 647 in August 1975 Seedlings were
raised and screening for resistance is under
way. Recommended control methods such as
using bacteria-free planting materials, roguing
the diseased plants, rotation with other crops,
avoiding the overlapping of the 1- and 2-year-
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old crops, are all difficult to practice effectively,
except roguing. Distribution of the bacteria-
free planting materials is scheduled to be
planted by using the tip rooting method for
local varieties.

Microbial gum composed of p-glucose, b-
mannose, D-glucuronic acid, acetic acid, and
pyruvic acid (Chen and Tsou 1974) is pro-
duced by X. maniheris in a sucrose medium. It
is not surprising that bacteria are used to pro-
duce gum, such as X. campesiris, the causal
agent of black rot disease of crucifer, used
to produce Xanthan gum (Rogovin et al. 1961).
The gum probably protects the live bacteria
?vl?nn it is dry and releases the bacteria when
it is wet.

This systemic bacterial disease is the biggest
problem for cassava growers in Taiwan at the
present time.

Chen, W. P., and Tsouw, C. H. Microbial gum: a
potential new producet from sucrose, Proc. Int.
Soc. Sugar Cane Technol. 15, 1974, 1877-
1881,
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Factors Affecting the Incidence of Cassava
Bacterial Blight in Africa

E. R, Terry'

Cassava bacterial blight { Xanthomenas manihotis) is a widespread and damaging
disease in Africa. Its severity in Africa varies with locality and climatic conditions.
Factors that may affect its severity are soil type, climate, cultural practices, and varieties,
Distribution and cconomic importance of CBB in Africa, and results of epidemiological

studies, are included.

Cassava bacterial blight (CBB), caused by
Xanthomonas manihotis, is a widespread and
damaging disease in several countries of South
America, Africa, and Asia (Lozano and Booth
1974). In Africa, it was first reported in Ni-
geria (Williams et al. 1973) and subsequently
in Zaire (Hahn and Williams 1973), Cameroon
{Terry and Ezumah 1974), and Ghana and
Togo {Persley unpublished data).

The extent of damage caused by CBB varies
with locality and climate. The regions most
severely affected are probably Zaire and mid-

1International Institute of Tropical Agriculture,
P.M.B. 5320, Ibadan, Nigeria.

western and castern Nigeria. In West Africa,
it is more prevalent during the rainy scason
{April-September).

The epidemiology of a discase may be
affected by several, often interrelated, factors
including soil type, climate, cultural practices,
and crop variety.

The following terms are used according to
definitions proposed by the Federation of Brit-
ish Plant Pathologists (1973): Incidence —
frequency of occurrence of disease, expressed
as the proportion of plants affected in a given
population: Severity — intensity of disease in
an individual plant expressed as a rating on a
numerical scale,
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Table 1. Effect of soil type and fertilizer application on CHB incidence in
box experiment.

% Plants infected®

% Plants deads

Sail type Control Fertilizer® Control Fertilizer®
Egbeda 74 45 63 s
Ogbomosho 90 90 70 63
Warrie 74 4 74 63

ATwo replicates, Iﬂjplan:s per replicate.

BFerulizer: N{Urea): 200 ppm
¢Lime added to Warri mr
Soils
Field Observations

Surveys conducted in Nigeria and Zaire sug-
gest that CBB is more severe on cassava
planted on infertile, sandy soils ( Ezumah and
Terry 1974}, Glaser and Ogbogu (1974) also
report that in Nigeria the disease causes greater
crop loss on sandy soils and in fields under
continuous cassava.

Effects of Soil Toposequence

Cassava variety Ojunkaiye was planted at
IITA 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 plants were infected naturally with CBB
and by August they showed severe symptoms.
Individual plants were then rated for severity
on a 0-5 scale: 0, no symptoms; 1, angular
leaf spots; 2. leaf wilt, gum exudation; 3, de-
foliation; 4, some tip die-back; 5, death. The
mean rating of four replicates was taken as
the disease index for each toposeguence.
Groundwater levels were monitored at several
positions on the slope at 4-day intervals dur-
ing the season.

Results
There is a statistically significant difference
(p=001) in disease incidence between

plants growing in waterlogged soil at the bot-
tom of the slope (disease index 2.2) and those
in better-drained soil further up the slope
(4.4). Plants in waterlogged soil were smaller
and less vigorous, but there was less defoliation
and death due to CBB. Soil moisture changes
along this slope were confounded with soil tex-
ture; wel soils near the bottom were sandy

: S(S5P): 100 S
at rate of 1 ton Ca(OH)z /ha.

pm P; K(KCL}: 100 ppm K.

loams 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; Warn,
loamy sand, pH 5.0) were used, with and with-
out NPK fertilizer. Variely 60444 was used as
an indicator for CBB. Cultings 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
unfertilized soil for all soil types, especially in
Warri soil.

In the box experiment (Tahle 1), there were
significant differences (p = 0.01) among soil
types and NPK treatments. There were fewer
infected and dead plants in the Egbeda soil
than in the Oghomosho and Warri soils.
Similarly, there were fewer infected and dead
plants in the fertilized soils than the unfer-
tilized soils.

These results suggest that the discase is most
severe on plants grown in low-nutrient soils.
The indication that the addition of NPK fer-
tilizers may decrease the number of plants
killed by CBB has implications for disease
control and efficient resistance screening, and



TERRY: BACTERIAL BLIGHT IN AFRICA

A :
R
—_—
v
g
™
=
(™)
-
g
NOW DEC  JiW FEB MAR APRWL MAT JNE Any AGUET

m

RAINFALL | mm]

' il

WOv TOEC AN FEB. MAR AFR CMAT JUME MUY AUD

4[]

DEW DEPOSIT (m m)

T DCT WOV DIC AN FEB WAM APRL MAT CJUNE' JULT &G |
Fig. I. fa) Seasongl diseriburion of feaf spors on
Ismikakivan; (b)) monthly rainfall ar WA, Ihadan;
{c) dew depasit disiritution at HTA, Ihadan (data for
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 leafl
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
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monthly intervals from November 1973 to
August 1974, Climatic data for the period,
notably rainfall, temperature, relative hu-
midity, and dew deposit were recorded.

Results

The seasonal distribution of CBB is illus-
trated in Fig. la and 2a. The total monthly
rainfall (Fig. 1b). dew deposit (Fig. 1c),
monthly relative humidity (Fig. 2b), and
monthly mean temperature (Fig. 2¢) are com-
pared with the disease distribution.

There was a decrease in the incidence of
angular leaf spots after the rains subsided in
November. Leal spot incidence remained low
from November until March and then began
to increase in April, and continued to do so
until August of the following year. This cycle
appears to be correlated with rainfall distribu-
tion, although the disease did not increase until
about 1 month after the rains began in March.

During the dry season {November=-March),
dew deposit is an important source of leaf wet-
ness (Fig. 1c) and is probably a vital factor
in providing sufficient moisture for some bac-
teria to remain viable during this period.

Cultural Practices

The effects of cultural practices on the de-
velopment of CBB were investigated. The prac-
tices considered were: (1) planting material:
discase-free plants were raised by rooting shoot
tips under mist, using the Lozano and Wholey
(1974} method. These were compared with
plants grown from infected cuttings, both being
established in the 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 1 and 1.5 kg/ha, respectively, was
applied to the soil as a preemergence treat-
ment. A postemergence spray of “Paraguat”
(3.75 I/ ha) was also applied 1o plots with cut-
tings 90 days afier planting. The effect of
chemical weed control on CBB incidence was
compared with that of hand-weeding.

Results
An average of 9.7 plants out of 24 per plot
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raised from disease-free material showed CBB
symptoms 55 days after planting, compared
to only 3.6 raised from infected cuttings. After
85 days, 21.8 and 22.1 plants respectively
showed CBB symptoms in the two treatments.

The differences were statistically significant
{(p = 0.01) at 55 days but not at 85 days after
planting. This surprising result suggests that
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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
to be used as a source of disease-free planting
material.

In the hoe-weeding treatment performed 50
days after planting, there was a significant dif-
ference (p = 0.01) in CBB incidence before
weeding and 6 days after. A mean of 4.5 plants
out of 24 in the treatment subplots showed
symptoms the day before weeding, whercas 6
days after weeding, the mean had increased to
8.8, No such differences were observed when
the plots were weeded 80 days after planting.
This high incidence of CBB after weeding was
probably due to mechanical spread of bacteria
during weeding,

Mulching versus non-mulching and hoe-
weeding versus chemical weed control had no
significant effects on CBB incidence.

Varieties

The incidence and severity of CBB on three
varicties (lsunikakivan, 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 1 represented no symp-
toms; 2 angular leaf spots; 3 extensive wilting:
4 defoliation and partial die-back; 5 death.

Ratings were made 5, 7, 9, and 11 months
after planting and root yields were recorded
after 12 months. These yields were compared
to the average yield obtained from these
varieties at IITA in October 1972 after 12
months growth, during which time the inci-
dence and severity of bacterial blight was low.
The disease ratings recorded in September
1975 (11 months) and root yiclds are recorded
in Table 2.

The varicties differed in the extent of in-
fection and losses sustained. Cultivar 60444
(yield 8.8 t/ha) was more susceptible than
53101 (yield 9.7 t/ha) or [sunikakiyan (yield
12.2t/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  Yield

Inci-  Sever- (1975) (197%)

Variety dences ity® (t/ha)  (t/ha)
Isunikakiyan 13.8 28 12.2 19
604444 14.7 32 8.8 21
53101 13.6 29 9.7 i

®Mean number of infected plants out of 15 per plot.
b5 scale of increasing severity (sce text).

creasing severity after natural infection at four
sites in MNigeria and one in Zaire.

The ratings of selected clones at three
MNigerian sites are recorded in Table 3. At
Warri (midwestern Nigeria), 7, 36, 45, and
12% of 202 local cultivars were rated 2, 3, 4,
and 5 respectively for CBB resistance.

The data from field screening for CBB con-
ducted at 1ITA and M'Vauzi (Zaire) during
the 1975 season are summarized in Table 4.
More than one half of the IITA families were
rated | (no symptoms) and 2 (angular leaf
spots only), suggesting that breeding has con-
siderably improved the resistance of these
families to CBB.

Discussion

The above results indicate that soil type and
fertilizer 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
Pieudomonas solanacearum) increased at low

K levels and decreased at high N levels. Their
results showed the need for medium to high
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Table 3. Resistance ratings of clones at three
sites in Migeria.

% Clones

Disease Mokwa Warri Umudike
rating {north) (midwest) (east)

1 10.0 i6 0o

2 825 72.6 64.1

3 3.5 17.4 30.5

4 20 57 50

5 0.0 07 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 Xanthomonas orvzae, while
potassium decreases it ( Mizukami and Waki-
moto 1969). This decrease is more severe on
sandy 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 effect
has 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, cspecially during the dry
season. Dew records in Ibadan (Fig. 1¢) 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

Disease rating

Mo.

Location Source families 1 2 3 4 5
risiy \ o T % T %
Migeria Exotic 73 o — — BB 109

Crosses from advanced yield trial 115 0.8 26 191 765 08
Open-pollinated preliminary yield trial ilo 12 41 180 764 —
Low HCN 107 — a9 65 915 —
Zaire Zaire locals 187 — 26 285 301 M6
IITA families 164 134 408 353 103 —
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viding a source of moisture for any bacteria
surviving on the leaves.

During hot and dry conditions, the micro-
climate in the field becomes the decisive factor
affecting disease development, since the less
favourable the microclimate, the more impor-
tant becomes the macroclimate (Palti and
Rotem 1973).

It is difficult to isolate a single climatic fac-
tor when considering its effects on disease de-
velopment because the optimum conditions
for the disease depend upon a complex of
climatic factors. Extensive studies over several
years with X. oryzae on rice in Japan show
that a suitable combination of rainfall, hu-
midity, temperature, flood, and typhoon during
the growing scason is necessary for the de-
velopment of an epidemic (Mizukami and
Wakimoto 1969). An analogous situation
probably exists for CBB with some of these
climatic factors, but the disease has not been
sufficiently well studicd for these effects to be
known,

Investigations are in progress to determine
more precisely the effects of environmental
factors on CBB incidence and severity, the
variability of the pathogen, and differences in
varietal reaction of cassava to the pathogen.
A better understanding of these factors is
necessary to enable us to modify the farming
system so as to favour the crop and not its
pathogen.
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Canada, The author is grateful 1o B. T. Kang
and F. R. Moorman for information on soil
characteristics. K. Dumsday and T. Lawson kindly
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so grateful to D. Allen, S. Sadik, and W, Steele for
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Effect of Potassium and Bacterial Blight on the Yield and
Chemical Composition of Cassava Cultivars

G. 0. Obigbesan and E. O. Matuluko

Studies on cassava cullivars having different levels of susceptibility to bacterial blight
caused by Xanthomonas manihosis revealed that the infection exerted differential influence
on the mineral nutrient and starch contents of the cultivars, The discase caused a reduc-
tion in the macronutrient content, led to a higher accumulation of micronutrients in the
diseased leaves, and adversely affected the wber guality by lowering the percentage starch
content, Despite the relatively greater tolerance of the 60506 cultivar, bacterial blight
significantly reduced its tuber and starch yields.

Cassava i5 an important source of food
energy for millions of people in the tropics,
and there is an ever-increasing demand for
cassava starch in the textile and chemical in-
dustry. 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 efforts are being made
to better understand 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 production,
It was first recorded in Brazil (Bondar 1912)
and has since been reported in several other
countries in South America and Africa
{Lozano 1973). Its occurrence in Nigeria was
first observed in 1971, and has since assumed
epidemic proportions in certain areas of the
southern part of the country, especially in the
East Central State. Between 1972 and 1973
loss of crops duc to this disease was estimated
at about 25 million Naira (about 539 million
US) (Ene and Agbo 1974). In Nigeria and
Zaire, where cassava production is highest in
Africa, bacterial blight is a potentially more
seriows disease than mosaic, which might not
result in complete loss of the crop.

The symptoms were similar everywhere the
disease had been observed. including angular
leaf spotting and blight, wilting. tip dieback,
copious gum exudation and vascular necrosis
of stem and roots (Anon 1973). Cassava blight
bacterium is host specific (found only on
cassava). Its spread may be related to rainfall
patterns (Arene 1974), but the epidemiology
in Nigeria is as yet unknown.

1Department of Agronomy, University of

Ibadan, Ibadan, Nigeria.

Materials and Methods

Qur observations were made on a cassava
fertilizer experiment with potassium started in
1973. The detailed procedure was described
by Adeniji and Obighesan (1975). It involved
two cassava cultivars, 53101 and 60506, of
varying susceptibility to bacterial blight. Ob-
servations were made and records were taken
between October and November 1974 when
the incidence of infection was most severe at
the site,

The following symptoms are characteristic
of the disease: angular leafl spotting. wilting,
gum exudation from the node at the base of
petiole. defoliation and tip dieback. These were
used in assessing the degree of infection. Since
mainly the top portions of the plants were af-
fected, observations were made beginning at
the second point of bifurcation of each stem.
The number of infected branches on each
plant, as well as the total number of branches
per plant, were recorded. There were a total
of 32 plots. The treatments were four levels of
potash (0, 60, 90, and 120 kg K.O/ha) with
two cassava cultivars and four replications.
Percentage infection of the plants in each plot
was calculated, The degree of infection in the
four replicates of each treatment was then
computed to obtain the final mean estimate of
infection. The plants were harvested in Decem-
ber 1974 (age 15 months) and the tubers,
stems. and leaves in cach plot were weighed.
The nutrient content in the leaves and starch
content of the tubers were determined by con-
ventional methods.

Since the disease is fairly new in Migeria,
it is not clear what time is the most appropriate
to collect data. We therefore concentrated on
areas where infection was most severe. Dur-
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Table 1. Influence of CBB on starch eontent and yield of two cassava cultivars.

53101 B0506
Degree of Starch Yield Degree of Starch Yield
infection (%7) content (*3) (t/ha) infection (") content (93)  (t/ha)
62 24 25 i6 23 I8
66 2 24 39 20 33
] 21 20 48 19 3l
70 n 20 3l 21 2

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

Table | shows the yield of the cassava cul-
tivars in relation to the severity of bacterial
infection. The data reflect the obvious greater
susceptibility of the 53101 (mean infection
67.2% ) compared with 60506 cultivar (mean
infection 43.9%% ), as well as the relatively
higher tuber yield potential of the latter (mean
yield 33.8 t/ha) compared with the former,
33101 (mean yicld 22.2 t/ha). The negative
correlation coefficient between the intensity of
bacterial blight and tuber yields (r = -0.13 for
53101 and r = —0.60 for 60506) with a pooled
average of r — —0.70, indicate that increasing
bacterial infection significantly depressed cas-
sava yields.

In the absence of cassava bacterial blight,
mosaic discase probably reduces cassava yields
by about 30% in Nigeria and by up to 43%
in East Africa (Beck and Chant 1958). Cur-
rently cultivated cassava varieties in the coun-
try are not free from mosaic disease but yield
losses through bacterial infestation could still
be determined since mosaic disease is a com-
mon factor among them. Tuber vields of 53101
were nol significantly reduced by blight al-
though the plants showed a higher pereentage
of infection than the 60506 cultivar,

Starch Content

The starch content of the cassava tubers in
relation to bacterial infection is shown in Table
1. There were negative correlation cocfficients,
r=-0,59 (53101) and r= -0.24 (60506)
between the percent infection and tuber starch
content, thus indicating that bacterial blight

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 (pg.; = 0.4973).
Under the circumstances, the relationship be-
tween the bacterial blight infection and percent
tuber starch content (¥) was given by the
linear regression equations,

¥ = 28.15-0.08X%X (53101) and

Y = 22.34 -0.03X (60506), where X is the
percentage of plants showing characteristic
blight symptoms.

Further evidence that the bacterial blight in
effect lowered the percentage starch content of
cassava tubers at 15 months is provided in
Table 2, at 12 months harvest when there was
no incidence of infection. The starch content
of cassava increases with the age of the crop,
and reaches its maximum after 15-18 months
(Obighesan and Agboola 1973; Rosanow
1973). There was an average reduction of be-
tween 5% (53101) and 7% (60506) in
tuber starch content of CBB-infected plants
({Table 2).

The effects of potash and bacterial blight on
the starch vields of the cassava cultivars har-
vested at 12 and 15 months after planting are
presented in Table 2. The decrease in percent
starch content ultimately led to a reduction in
starch vields (Table 2). The data in this table
also show that only at 90 kgK.0/ha was there
no yield reduction, The highest starch yields
were also produced at this K fertilizer level
which suggests that the deleterious effect of
CBB could be reduced.

Nuirient Content of Leaves

The mineral contents of randomly sampled
healthy and diseased leaves showed that
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Table 2. Influence of K and potash and CHB on the starch yield of cassava cultivars.

Influence of K on percent starch
content of peeled tuber

Influence of potash on starch
yields (kg/ha)

Age at harvest: 12 months 15 months 12 months 15 months

Cultivar: 53101 60506 5301 60506 53100 60506 531101 60506
Incidence of infection: Mone  Mone 67.277 4397 MNone  MNone 67.27, 4397
0 kgK:0/ha b 28 21 20 3770 5610 3505 5430
60 kgK 0 /ha 2 bl 2 21 4260 6020 658 5955
90 kgK:0/ha 2 28 24 23 4360 6025 4886 7350
120 kgK:0/ha L] 27 2 19 469 5590 4300 5010

the healthy leaves contained higher amounts
of macronutrients (N-P-K-Mg) but lower
amounts of micronutrients (Fe, £n, Mn) than
the discased leaves.

Lower concentration of macronutrients in
the infected leaves should obviously be ex-
pected since the acropetal transportation of
nutrients would be disrupted, among other
things, by the gum exudates oozing out of the
node at the base of the petiole. More work is
needed to explain the higher concentration of
micronutrients in the same discased leaves.
Both phenomena, however, point to the physi-
ological disorder the disease imparts to the
plant itself,

Conclusion

The observations reported in this paper are
in no way exhaustive. They do illustrate the
fact that CBB is a seriously devastating disease
which does more than reduce crop yield.
Tubers of infected plants showed lower starch
content. This is most undesirable because the
starch and chip indusiries require tubers with
high starch content. The disorder in nutrient
status (nutrient imbalance) of infected leaves,
resulting from a drastic reduction in the con-
centration of macronutrients {N content was
reduced by about 12% , P by 24% , K by 17%
and Mg by 7% ) and higher accumulation of
micronutrients {e.g. Zn content rose by about
23%, Mn by 7% ), may lead to toxicity and
decreased resistance to other diseases. The dif-
ferent cultivars exhibit different degrees of
tolerance to blight. Thus a combination of
blight-tolerant {resistant) varieties and disease-
free planting material would reduce losses in
large-scale cassava production.
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World Distribution, Identification, and Control
of Cassava Pests

Anthony C. Bellotti and Aart van Schoonhoven'

Mumerous insect and mite pests have been identified as attacking cassava, These pests
represent a wide range of insect fauna; more than 100 species have been recorded. Many
of these are minor pests and cause little or no economic losses. However recent rescarch
has shown that several pests can cause crop losses and must be classificd as major pests.
These include mites, thrips, stemborers, whiteflies, hornworms, scale insccts, and white-
grubs, Many pests, such as mites, whiteflies, scales, whitegrubs, stemborers, ants, termites,
are distributed world wide, Others are local pests or limited to one or two continents.
Chemical control of cassava pests is uneconomical in many areas where it is a low value
crop. Pesticides are expensive and their continual use is impractical for a long scason crop
such as cassava. Emphasis should be directed toward the use of resistant varieties, biologi-
cal control, and improved cultural practices. Strict quarantine practices should be enforced
to prevent the spread of cassava pests inlo areas where they are not present,

Insects and mites are limiting factors in
cassava production. The recent introduction,
and consequent outbreak, of the mite Mono-
nychellus ranajoa in West Africa has caused
serious crop losses. This is ample evidence for
the need for extensive rescarch on cassava
pests, knowledge of their geographic distribu-
tion and the damage they cause, and the estab-
lishment of an efleclive pest-management
program.

CIAT has been able to collect much of the
available literature on cassava, and it is now
possible for us to get a global view of pest
problems. There are numerous pests that attack
cassava and they represent a wide range of
insect fauna. Many are of minor importance
and cause little or no economic losses, while
others can cause considerable damage.

Insects Attacking Vegetative
Planting Material

Cassava is propagated by vegetative stem
cuttings. The planting of insect-free and un-

1Centro Internacional de Agricultura Tropical,
Apartade Aéreo 67-13, Cali, Colombia.

damaged cuttings is most important,

Infestation of cuttings by white scale
Aonidomytilus albus can reduce germination
up to 50%. Infested cuttings were dipped in
insecticide solutions, but they still germinated
poorly. We recommend that scale-infested cut-
tings not be used as propagation material.

The cassava fruitflies Anastrepha pickeli and
A. manihieni cause damage 1o stems by intro-
ducing secondary bacterial rots, which may
cause reduction in vield and the loss of stake
planting material. Infested stakes are easily dis-
tinguishable by the darkened and rotted pith
region of the stem. Infected cuttings should not
be used as propagating material.

Pregermination and Postgermination
Damage to Cuttings and
Young Plants

Stem cutlings and young germinating plants
are subject to attack by several insects, includ-
ing whitegrubs (Leucopholis rorida and Phyl-
lophaga sp. (Coleoptera Family Scarabeidae,
Cerambycidae) ). They destroy the bark of
planted cuttings which may then rot and die.
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When young plants (1-3 months) are at-
tacked, the leaves wilt. The larvae feed on the
bark of the lower part of the stem, usually
below the soil, or tunnel into the cutting. The
larvae are white with a darkened head and
are 5em long. They can usually be located
around the cuiting or roots of the plant.

Whitegrubs are best controlled with Aldrin
{2.5%, 50 kg/ha) and Furadan (3 g/m*) ap-
plied below the cutting in the soil, Insecticidal
dip treatments have not proved as successful as
soil application. A muscardine fungus Metar-
rhizium anisopliae is pathogenic to the grub
and there is evidence that this may be an ef-
fective control method,

Attacks occur frequently when the cassava
crop is rotated after pastures.

Cutworms

Cutworms can injure young plants in three
principal ways: (1) The surface cutworms,
such as the black cutworm Agrotis ypsilon eat
off plants just above, at, or a short distance
below the surface of the soil leaving the plant
lying on the ground. The larvae are greasy gray
to brown, with faint lighter stripes; {2) The
climbing cutworms such as the southern army-
worm Prodenia eridania climb the stems and
eat buds and foliage and may pirdle stems
causing plants to wilt and die. The full-grown
larvae are dark gray to nearly black and
marked with lateral yellow stripes; (3) The sub-
terranean cutworms remain in the soil to feed
on roots and underground parts of the stems,
causing a loss of planting material. Losses of
young plants may reach 509% making it neces-
sary to replant. Cutworm attacks occur
sporadically but are more frequent when cas-
sava follows corn in rotation.

Cutworms attacking plants above or at
ground level may be controlied effectively with
poison baits (10 kg of bran or sawdust, 8-101
of water, 500 g of sugar or 1-1 of molasses and
100 g of Dipterex for %4 to ' ha). For under-
ground cutworms soil applications of Aldrin
or Furadan around the cuttings are effective.

Termites

Termites will attack cassava in the lowland
tropical areas. They feed on planting material
and roots of growing plants. and prevent the
establishment of cuttings. They are a serious
problem in areas with prolonged dry seasons.

Insecticide treatments may give effective
control.

189

Crickets

Crickets damage cassava plants by clipping
young shoots aflter emergence. They can also
damage the base of the cassava plant, render-
ing them more susceptible to lodging by wind.

Insects Attacking
Foliage and Buds
Thrips
Several  species  (Frankliniella  williamsi,

Corvunathrips stenopterus, and Caliothrips mas-
culinus) of thrips, all belonging to the family
Thripidae, attack cassava. Thrips are major
pests in Central and South America and Africa,

The most important species is F. williamsi
which damages the terminal buds of the plant.
The leaves do not develop normally, leaflets
are deformed and show irregular chlorotic
yellow spots. Stylet damage to the leaf cells
during expansion causes deformation and dis-
tortion, with parts of leaf lobes missing. Brown
wound tissue appears on the stems and petioles
and internodes are shortened. The growing
points may die, causing growth of lateral buds
which also may be attacked, giving the plants
a witches' broom-like appearance. The attack
is most frequent during dry periods and plants
will recover when the rain starts. Thrips can
cause a 15-20% yield loss.

Control is best achieved through the use of
resistant varieties which are readily available.
Resistance is based on leaf-bud pilosity and
nearly 50% of the CIAT germ plasm bank
{2300 varieties) are highly resistant.

Mites

Mites, one of the most scrious dry season
cassava pests, cause serious damage. The green
cassava mite Mononychellus tanajoa, native o
the Americas, causes considerable yield reduc-
tion in parts of East Africa. It is spreading to
other parts of Africa.

The mite Terranychus urticae is universal
but appears to be a significant pest in parts of
Asia, Qligonychus pertvianus is limited to the
Americas and East Africa,

Mites can be found in great numbers on the
undersides of leaves during optimum environ-
mental conditions. Usually older plants are
more susceptible to attack,

Mononychellus ranajoa is green and de-
velops in the apical buds, feeding on young
leaves and stems. Leaves are splashed with
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Table 1. World distribution of cassava pests,
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yellow spots, lose their normal green colour
and develop deformities. The attacked stems
become rough and brown. Stems and Jeaves
die from top to bottom. Severe attack resulls
in death of the growing point causing exces-
sive branching.

Damage from Terranychus first shows as
yellow dots along the midrib of the leaves,
eventually spreading and turning leaves reddish
or rusty, Older, basal leaves are atlacked first
and under prolonged dry periods spread to the
upper leaves, causing defoliation and death of
the plants.

The attack of ©. peruvianus is characterized
by white dots along leal veins and margins on
the undersides of leaves. These dots are web-
bings under which the adult female places her
eggs, and where the larvac and nymphs de-
velop. These locations first appear as yellow
and later brown dots on the leaf uppersurface.
The basal leaves are more readily attacked.

Yield reductions of 40% have been reported
in Africa for M. ranajoa. All three species
mentioned here infested the CIAT farm, re-
sulting in a 20% yield loss when the mite
attack occurred from the 5th to the 7th month
of plant growth.

The CIAT germ plasm has a low resistance
level to Tetranvchus and moderale resistance
levels to Menonychellus and Qligonyelus.

There are several effective biological control
agents for suppressing mite populations.

Control with Monocrotophos  (Asodrin),
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Galecron (Fundal), and other organophos-
phates at commercial doses is effective.

Cassava Hornworm

The cassava hornworm Erinnyis ello is a
most serious cassava pest in the Americas.
High populations of hornworm larvae can
rapidly defoliate large cassava plantations. De-
foliation during the initial months of plant
growth can kill plants and cause yield losses,
The ash coloured, nocturnal females deposit
their large, light green cggs on the upper sur-
face of cassava leaves. The larvac are poly-
morphic and colour varies: vyellow, green,
black, dark gray, and tan are common. Fifth
instar larvae may reach 10-12 em in about 12
days, and migrate to the soil where they form
a chestnut brown, black-lined pupa. The adult
moth emerges in about 2 weeks. Qutbreaks
generally occur after the beginning of the rainy
season, but are erratic and may be absent for
years.

A biological control program is an cffective
means of hornworm control. Egg parasitism
by Trichogramma sp. can effectively reduce
populations. The paper wasp ( Polistes sp.) is
an important larval predator and Apanteles sp.
{Hymenoptera) is a larval parasite. Effective
control with the bacterial disease Baeillus
thuringiensis has been obtained.

Dipterex is effective against young larvac
but the use of pesticides should be avoided
because it interrupts the biological control
system.

Cassava Shootfly

Shootfly (Sifba pendula, Carpolonchacae
chalvbea) damage occurs throughout most of
the Americas. Loss of vield is not yet known,
but artificial shoot removal (up to 100% at
periodic intervals) to simulate shootfly attack,
did not affect yield.

The dark metallic blue adult shootfly ovi-
posits between the unexpanded leaves in the
growing points. The young larvae tunnel in
the soft tissue and eventually kill the growing
point. Several whitish larvac may be found in
the affected growing point accompanied by a
white to brown exudate. The mortality of the
growing point retards growth of young plants
and causes side buds to germinate, which may
also be attacked, Younger plants are more
susceptible to attack and most outbreaks occur
in 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
populations. Larvae are difficult to control.
Systemic organophosphate such as Basudin
{diazinon), Diostop (dimetoate), Azodrin and
Bidrin (dicrotophos) at commercial doses are
recommended only for large populations.

Whiteflies

Numerous species of whiteflies (Bemisia
tuberculata, B. tabaci, Aleurotrachelus sp.,
Trialewrodes variabilis and Alewrothrixus sp.)
attack cassava. MNo direct damage due to feed-
ing is known but high populations may cause
mottling, yellowing, and drying of the leaves.
Whiteflics can be detected by provoking adults
into flight or by observing the pupa and
nymphs on the undersides of the leaves. A
black sooty mold fungus is often found in as-
sociation with whitefly attack. High popula-
tions are uwsually associated with the rainy
SEason.

The whitefly Bemisia tabaci is a vector of
the cassava mosaic discase which causes yield
losses in Africa and Asia. This disease is not
found in the Americas.

Varietal evaluation for resistance to the
Aleurotrachelus sp., found in high populations
in Colombia, shows moderate resistance for
varicties CMC-72 and CMC-57,

Control of whiteflies, if needed, may be
achieved with Roxion, Diostop, Metasyptox,
and Dimecron.

Grasshoppers

Grasshoppers have been identified as a pest
on cassava only in Africa. There are two prin-
cipal species; Zonocerus elegans, the elegant
grasshopper, and Z. variegarus, the variegated
grasshopper.

Both species cause damage in the dry sea-
son when their alternate hosts are reduced. In
Africa heavy defoliation and stripping of the
bark have resulted in yield losses up to 60%.

Grasshoppers can be controlled by the in-
secticides Gamalin 20 and Temitrothion,

Cassava Lacebug

Yield losses due to lacebug (Vatiga mani-
hotae) are not known, but considerable foliage
damage can occur. The whitish nymphs and
gray adults (3 mm) can be found in great
numbers on the leaf underside. Damaged
leaves show yellow spots which eventually turn
to reddish brown, resembling mite damage.
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Leafcutier Ants

Several species (Ara sp. and Acromyrmex
sp.) have been reported rapidly defoliating
cassava when large numbers of worker ants
move into a crop. A semi-circular leaf cut is
made and carried off to the nest. During severe
attack the buds may also be removed. Attacks
frequently occur during the early months of
the crop. The effect of this damage on yield is
not known.

Insecticides are the most effective means of
control. Nests can be destroyed by fumigation
with carbonbisulfide, smoke of sulfur or
arsenates, Good results will be obtained by
applying Aldrin as a powder or in solution in
or around the nest. Granular mirex baits ap-
plied along the ant trails will be carried into
the nest by the ants and will give effective
control,

Gallmidges

Several species of gallmidges (Cecido-
myiidae, latrophobia sp.) have been reported
on cassava. These fragile flies oviposit on the
leaf undersurface and the emerging larvae
cause¢ abnormal cell growth in the leaf and
gall formation. Leaf galls on the uppersurface
are yellow-green to red and when opened,
show a cylindrical tunnel with the larvae in-
side. Gallmidges may retard growth of young
plants but are considered of little economic
importance and generally do not require con-
trol. Destruction of affected leaves at weekly
intervals is recommended to reduce popula-
tions.

Insects Attacking Mature
or Green Stems

Approximately 35 species of stemborers
have been identified feeding on and damaging
stems and branches of the cassava plant. Most
stemborers are the larval stage of coleoptera
(Coelosternus spp.. Lagochirus sp.), but some
lepidopterous and hymenopterous stemborers
are also reported. They generally cause
sporadic or localized damage.

Larvae vary in size {up to 30 mm long)
and shape depending on the species. Larvae
are usually white to vellow to tan and tunnel
through the aerial parts of the plants. Stems
and branches may break or be reduced to saw-
dust. During dry periods, under heavy infesta-
tion, defoliation and death can occur. Frass
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and exudate from the stemwood ejected from
burrows by larval feeding can be found on in-
fested branches or on the ground, Pesticide
control appears impractical since adults are
difficult to kill and larvae feed within plant
stems, Populations can be reduced by removing
infested plant parts and burning.

Cassava Fruitfly

The cassava [ruitlly (Anastrepha pickeli,
A. maniliori} has recently been identified as
a pest on cassava. [t frequently attacks the
cassava fruit and causes economic losses.

It attacks the stem about 10-20 cm below
the 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 the stem.

A bacterial pathogen is often found in as-
sociation with the larvae and this can cause
severe rotting of stem tissue. Often a white
exudate is found flowing from the larval tun-
nel. Severe attacks may cause collapse of the
growing points, growth retardation, prolifera-
tion of lateral buds, and finally death of the
plant.

The extent of crop losses due to this sec-
ondary rotting is not known but younger plants
(2-5 months) are more susceptible to damage.

The use of attractants or poison baits as
controls appears promising. A Hymenoptera
parasite [Opins sp.) has been identified. The
insecticide Lebaycid (Fenthion) gives good
control of the larvae in the stem,

Scale Insccts

Several species of scales (Aonidomyrilus
albys, Saissetia spp.) attack cassava stems. Ex-
cept for localized incidents they do not appear
to cause any significant reduction in yield.

In severc attacks leaves may vellow and
drop, the plants are stunted, and stems can
dehydrate causing plant death. The greatest
damage appears to be the loss of planting ma-
terial. When heavily infested cutlings are
planted germination is greatly reduced and
roots will be poorly developed and unpalatable.
The adult scale of 4. albus is mussel-shaped
and covered with a white waxy secretion. It
attacks the branches, especially in the dry sea-
son, thus aggravating drought stress.

The most effective means of control is
through the use of healthy planting material,
and cutting and burning infested plants. Chem-
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ical control on growing plants with Metasystox
(0.19 ) and Malathion {(0.1% ) is effective.

Mealybugs

Mealybug (Phenococcus gossypii) damage
has recently been reported from  Brazil,
Colombia, and parts of Africa, but effect on
yield is not known.

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 discase control program, based on sound
principles and utilizing the adaptability of cas-
sava, As well, strict quarantine measures
should be adopted to restrict the spread of
insecls into arcas where they are not now
present,

Crop Adaptability

(1) Cassava is a long-scason crop; the con-
tinual use of pesticides is impractical.

(2) Few il any insects will actually kill the
plant.

(3) The cassava plant has the ability to re-
cuperate from insect damage. -

{4} The cassava plant can lose foliage with-
out decreasing vield: A high eco-
nomic threshold.

Basic Principles of an Integrated
Control System

(1) Cassava is ideally suited to a biological
control program.

(2) High levels of pest resistance are not
necded and resistance (o some pests
already exists.

(3) It is necessary to understand the insect—
plant—environment interaction. Rain-
fall and age of plant appear to be key
factors.

{4) Cultural practices (selection of planting
material, crop rotation, etc.) can re-
duce pest incidence.

{5) The intelligent use of insecticides.

(6) The indiscriminate use of pesticides will
interrupt  biological control pro-
grams.
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Pest Management Program
Thrips Varietal resistance Whiteflies WVarietal resistance
Hornworm Biological control Shootflies Attractants
Mites Varietal resistance C"h.“ ral pigetioes
Biﬂlﬂgical control Varietal resistance
Fruitiies Cultural pmctict‘.’i Stemborers Cultural PrECliDE‘S
Attractants Mealybugs Varietal resistance
Varietal resistance Biological control
Whitegrubs and  Microbial control Scales Biological control
cutworms Poison baits

Cultural practices
Soil insecticides

Population Dynamics of the Green Cassava Mite and
its Predator Oligota

Z. M. Nyiira'

The green cassava mite, Mononychellus tanajoa (Bondar) (Acarina: Tetranychidae),
also known as the cassava leal mile, is a fairly new pest in Africa. Its potential threat 1o
cassava production in Africa has attracted serious investigations into its biology, ecology,
and possible control. Initial infestations of this mite start in sheltered places, along the
midribs and veins of cassava leaves.

Denser populations are recorded during dry spells and more are found in the lower
half of the leaf. The ratio of active mites, eggs, males, and females in the apical and basal
halves of the leaf are discussed, Cassava plants between 3 and 10 months old were more
densely infested than the younger and older plants. Some varieties of cassava supported
fewer mites than others suggesting a degree of resistance. Reduction in the number of
mites was associated more with absence of leaves than weather conditions, although rain

and possibly relative humidity had negative effects on population buildup of the mite.

The Staphylinidae Qligora was the dominant and widespread predator. It appeared in
sufficient numbers and at the same time as the green cassava mite. The population fell
sharply when the host population started diminishing.

The results point out the potential of varietal resistance in cassava and biological
control as possible effective considerations in integrated control of M. ranajoa,

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 important staple in Africa, where
36% of the world total is produced.

Although the green cassava mite was
recorded as a major cassava pest in Brazil in
1921 (Bondar 1938), its low status did not
demand serious investigation until its discovery
in 1971 in Uganda (Nyiira 1972). Since then,
detailed studies have been done (Bennett and
Yaseen 1975; Nyiira 1975a).

1Department of Agricelture. Kawanda Re-
search Station, P.O. Box 7065, Kampala, Uganda.

The structure of the population (dispersion)
of the green cassava mite on cassava in the
neotropics was described 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-off. Major damage was sup-
pressed by the cool rainy season. Similar ob-
servations in Brazil were reported by Bondar
(1938) and by Da Costa (1973). Such sea-
sonal fluctuations 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 leal Seventh leal
Adults  Nymphs Eggs Adults  Nymphs  Eggs

Apical half

Low 41 138 959 &7 74 1224

Medium 209 371 2944 7 460 1617

Heavy 1021 1994 14194 1124 5960 11279
Basal half

Low 258 517 4074 364 978 5269

Medium 452 B8 10535 76 949 6369

Heavy 1360 5642 226446 1348 9322 15882

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 Oligota
species. Oligora 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 tends 1o 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
styrenc 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%
alcohel, counted, and the count was added to
the respective sample counts. Counts of mite
eges 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 the 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. from the time the leaf stalks became

visible and when such stalks could conveniently
be tagged). Asscssment of the population
fluctuation of mites was done on fifth and
seventh leaves using similar collection and
counting techniques.

To study interleafl 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.

Resulis

Ecological Habitat

At low densities, the green cassava mite
prefers to inhabit areas along the midrib and
the veins of cassava 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 eges in the lower half of the leaf.
The number of active mites and their eggs on
the leaves is presented in Table |. When the
ratio of adult mites and their stages and males
and females in the apical hall 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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Fig. 1. Mean number of adult mites per leaf
{1972},

festation and mean ratio of 1:2 during heavy
infestation,

Effect of Plant Age

M. ranajoa almost exclusively feed on the
undersurface of cassava leaves. However, in-
festation was recorded on flower stalks and
young green seed. All age categories were at-
tacked. The density of mite infestation on in-
dividual plants varied greatly, Newly germi-
nated 10-weck-old plants had insignificant
numbers of mites compared to plants between
3 and 6 months. Denser infestation was
recorded on plants between 6 and 9 months,
Plants 9-12 and 12-15 months old had few
mites,

In all age categories. a higher number of
mites was recorded on either top leaves in the
very young plants or leaves 5-8 in the older
plants,

Effect of Foliage Condition
The results of investigations of the effect of
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foliage condition in three varieties of cassava
on mite stages revealed that there were sig-
nificantly fewer active mites and their eggs
on the very young and the very old leaves
{p<01%). The maximum density of eggs
was recorded on l-week-old leaves in Mukedi
(985) and Mpologoma (459) varicties, where-
as in Bitamisi, egg densities were high on
leaves 10-21 days old (219-225). The popu-
lation of active stages of the mite was most
dense on leaves 12-21 days old in the two
varieties (332 on Mukedi and 123 on Mpolo-
goma).

Fluctuation Trends

Between August and December 1972 the
weather and crop conditions were optimal for
severe infestations of cassava by M. tanajoa in
Uganda, There were more mites per leaf dur-
ing September and the last half of October
and first quarter of November (Fig. 1). Lower
mite densitics were associated more with ab-
sence of leaves on plants than with presence
or absence of rain. For instance during mid
August 1972 in Uganda, there was a lot of
rain and low mite densitics. However, heavy
rain in October of the same year corresponded
with high mite population on two cassava
varicties { Bitamisi and Nfumu) although it re-
duced the mite population on Mukedi. The
trend of mite egg density followed closely that
of adult mites.

Nyiira (1975b) discussed the influence of
physical factors on the biology and ecology of
M. tanajoa, suggesting that factors such as
relative  humidity and temperature could
negatively affect the reproduction rate of the
mite. He further observed that migration and
dispersal are partly triggered by high popula-
tion density. Therefore, the reproduction rate
which is influenced by the physical condition,
would also partly influence the commencement
and rate of dispersal. It would also influence
distribution of the mite within and outside a
unit. Biology of the mites as well as meteoro-
logical factors are. therefore, useful considera-
tions in the ecological analysis of green cassava
mite populations.

Rate of oviposit by M. ranajoa was higher at
relative  humidities between 50 and 70%
(maximum 4.7 eggs per female per day at
60% ). Most eggs were laid at 32 *°C, and the
rate was 3.8 eggs/female per day. Develop-
ment of instars at different relative humidity
levels was slightly different from that recorded
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Table 2. Population of Ofigota predators and corresponding host population on
cassava during October through December 1972 at Kawanda Research Station,

Mites /Leafl
Adults f .

Date and m—“ﬂ—m Infestation
sampled Epgs nymphs Larvae  Adults status
13 Oct 1502 1040 0 47 Heavy
20 Oer 697 72 0 12 Heavy
27 Oct 1824 696 0 7 Heavy

3 Nov 688 218 0 24 Heavy
10 Mov 2126 61 i 20 Heavy
23 Now 949 400 0 43 V. heavy
29 Now 431 157 2 22 V. heavy

& Dec 2150 422 2 21 V. heavy
14 Dec 530 349 0 4 V. heavy
22 Dec 1027 424 0 6 V. heavy
28 Dec 1162 190 0 2 V. heavy
Total 13126 4989 7 218
Mean 1193 454 0.6 0

in a free laboratory environment. A duration
of 9 days was recorded from commencement
of larval to end of deuwtonymphal periods at
relative humidities of 50-70% compared to
10-11 days at 20-40% and 11-13 days at
80-100% . The green cassava mite was capable
of multiplying 70 times in a generation lasting
a mean of 17 days, at an intrinsic rate of
Ea:uml increase of 0.25 mite per female per
ay,

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
miles 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.
Mo 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 leafl increases, they in-

habit the overall arca 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 1:1 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
varicties (Nyiira 1975a). where, after 3640
weeks the population of M. ranajoa was re-
duced so low that economic control measures
were not desirable.

Aging of cassava leaves has a varied effect
on population density of M. ranajoa. 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. 1 suggest that different varieties of cas-
sava support different population densities even
when other conditions are similar. This varia-
tion in the intensity of infestation and, there-
fore damage, suggests that cerlain varieties are
preferred. This preference would suggest breed-
ing cassava varicties that are resistant or
tolerant to the green cassava mite. We favour
breeding fast-maturing varieties that are re-
sistant/tolerant to M. ranajoa as the most
effective control measure (Nyiira 1975c).
Oligota species in Uganda appear in syn-
chrony with M. ranajoa. Table 2 shows, how-
ever, that during heavy infestation by the host
mite when the 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 up
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-
eties backed by a viable program of biological
control was suggested by Nyiira (1975a). Ben-
nett (1975) and Bennett and Yaseen (1975)
obtained useful data on correlations of Oligora
and phytoseiid predatory mites with M.
tanajea populations in Trinidad, They have
reported variations in the abundance of the
predators. Their results probably explain the
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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
fanajoa 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,
ranajoa are closely related to rainfall; dry periods are conducive to the development of high
mile 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 1o be resistant to mite attack.

ICommonwealth Institute of Biological Control, Gordon Street, Curepe, Trinidad.
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Predators play a significant role in regulating population densities of the mite, Of the
several predators recorded, Cligota minida, the dominant predator, and T.kﬂﬂ_fudrur:rnfei:
limonicus and T. rapax, two important predaceous mites, merit introduction against

M. ranajoa in Africa.

The Meotropical green cassava mite Mono-
nychellus tansjoa 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 M. ranajoa 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 encmies, 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 tetrunychids infesting
cassava were encountercd. While special visils
were made 1o survey for cassava miles in
Colombia, Mexico, Panama, and Peru, other
records were obtained from Antigua. the
Bahamas, Barbados, Guatemala, Jamaica,
Montserrat, Nicaragua, St. Kitts, and Surinam
in connection with other work, Records of M.
tanajea and other tetranychids on cassava en-
countered during the surveys are given in
Table 1.

Of the three tetranychids attacking cassava
in Trinidad, M. ranajoa belongs to the carib-
beanae group characterized by Paschoal
(1971). and can be easily recognized. Both
T. tumidus and T. urticae females are carmine

but the former is casily separated by the well-
developed mediodorsal spur on the empodium
which is tiny or absent from T. wriicae (Prit-
chard and Baker 1955). 1. rurnidus is usually
a preephouse pest while T, wreticae attacks
senescent leaves with depleted nutrients. M.
tangjea is nol common on such plants.

Biology

The biology of M. ranajea was investigated
in the luboratory (temperature 26.8+2.2°C
and relative humidity of 82% in the morning
to 55% in the alternoon ). The preoviposition
period lasted 1-2 days. The duration of the
ege, larval, protonymphal and deutonymphal
slages were 3—4, 1-2, 1-2 and 2-3 days, re-
spectively. Euch active stage was followed by
a gquicscent stage lasting less than a day and
the total egp 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
IB.5=15.8) egps during 8-14 duys; 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 surlace of the leaf.
Most of the cggs are laid on the basal halfl of
the leaf.

Population Studies

Regular observations from April 1974 1o
date have shown that densitics of M. ranajoa
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 10 2500 mm.
The main rainy season extends from the end
of May or carly 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
wecks in September-October. The relutive hu-
midity varies from about 807 in the morning
to about 55% in the afternoon during the dry
season and remains generally high, around
90% ., during the wet season,

Data, bascd on weekly counts, indicate that
dry periods are conducive to the development
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Table 1. Tetranychids collected on cassava during surveys in 1974-75 (localities in parentheses).

Tetranychids

Distribution

Mononychellus ( Eotetranychus) caribbeanae (McGregor)

M. mecgregori (Flechtmann and Baker)
M. ranajoa (Bondar)

Oligonichus perucianus

Tetranychus cinnabarinus (Boisduval)
T. tumidus (Banks)

T. wriicae (Koch)

T. sp. probably wrticae
Tetranychus sp.

Barbados, Nicaragua (Cararo), 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.1.
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 Micaragua (Granada)

#%5¢e Flechtmann and Baker (1970) and Jeppson et al. (1975) for additional distribution and host records,

of high mite populations. Mite populations
showed upward trends in March-April and
developed peak levels by the end of May or
early June which persisted to the middle of
July when they 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. tanajea 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 carly 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

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
1 May and 23 July 1975.

Montaldo (1972) reported cassava varieties
resistant to tetranvchids in Venezuela. Also
Nyiira (1972) noticed varying levels of M.
tanajoa infestations and differing degrees of
susceptibility related to cassava varieties in
Uganda. Regular counts 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 varicties were in dif-
ferent rainfall zones. In a special plot with 10
local varicties at Curepe weekly counts of
mites from March 1975 to February 1976 in-
dicated that none of these varieties was en-
tirely resistant to mite attack. However, sig-
nificant differences in mite densities on some
varicties were recorded during the periods of
peak populations. While variety Maracas Black
Stick had the lowest levels during both the
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Table 2. Predators of M. tanajoa and related cassava mites encountered during surveys in the
neotropics, 1974-75,
o Predator B Distributicn
Phytoseiidae

Euseius hibisci (Chant)
Phytoseuilus macropilis (Banks)
Typhiodromalus limomicus (Garman and McGregor)

T. rapax (Deleonj

Cecidomyiidae
Feltiella sp.
Unidentified
Feltia sp.
Coceinellidae
Stethorus sp.
Staphylinidae
Oligota barbadorum (Frank)
Q. centralis (Sharp)
Q. minuta (Cam.)

Thysanoptera
Unidentified

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)

Micaragua, Trinidad, and Colombia

Barbados

Colombia, Mexico and Peru

Antigua, the Bahamas (New Providence and
Andros Island), Colombia, Montserrat, Peru,
and Trinidad

Trinidad

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-
seiidae, Cecidomyiidae, Coccinellidae, Staphy-
linidae, and a thysanopteran in association with
cassava mites were encountered during surveys
in the Neotropics (Table 2).

Both gualitative and quantitative data on the
predators of cassava mites were obtained by
regular sampling in several ficlds as well as in
plots especially set up for this purpose in Trini-
dad, Elsewhere surveys were brief and guali-
tative data only were obtained.

Oligota minuta is the dominant predator of
M. tanagjoa 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 showed that it was scarce or absent from

cassava when mite infestations are very low dur-
ing July to late February. It appears in March
when the mite commences to increase and it
becomes abundant when host papulations reach
peak levels in May to July. The abundance
is highly correlated with the mite densitics 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 denscly infested
leaves in the early morning hours than during
the hotter period between 10 an and 5 P,
Regular counts in experimental plots of cas-
sava varicties 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
varietics 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
limonicus and T. rapax are regularly associated
with M. tanajoa on cassava in Trinidad. Eggs
of both species are laid amongst the mites even
when infestations are light, Adults and nymphs
actively prey on the eggs and active stages of
M. tanajoa; 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 Oligora and
their intrinsic rate of increase appears to be
lower than that of M. ranajoa.

The undetermined cecidomyiid appeared
only during periods of peak mite densities and
then only in negligible numbers. M. tanajoa
does not seem o 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
eges and the active stages of M. ranafoa but
adults were seldom observed on cassava. The
occurrence of Stethorus sp. was sporadic even
during peak levels of Meononychellus 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 treatmenls were required every 3-4
weeks. In August this acaricide was replaced by
Malathion but its effectiveness did not extend
beyond 2 weeks and the plot was spraved 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
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predator appeared to a minor extent with the
resurgence of the mite in June=August, Typh-
lodromalus spp. which were the main predators
later in the season did not. Recovering from the
effects of chemical 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 recovered 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 P treatment on variety Around-the-
world supported higher populations than those
of N and K, whereas populations on the N
treatments on varietics 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 M. tanajoa for most of the year
remains at very low population levels due to
heavy rains. During dry periods it may reach
epidemic proportions but predators play a sig-
nl'tﬁcant role in regulating the population den-
sities,
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Q. 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 density-dependent, survives
the periods of low-host density on cassava by
moving on to other hosts,

Both Typhlodromafus 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,
limonieus survives the periods of host scarcity
by feeding on pollen (McMurtry and Scriven
1965). Both the phytoseiid predators and O,
minuta merit introduction against M. tfanajoa
in Africa,

Of the other predators, the staphylinids
Dligota  barbaderum and ©. centralis and
phytoseiids Euseins hibisei and Phytosenilus
macropilus need to be further evaluated,

Thanks are due to H. A. Denmark, Florida De-
partment of Agricullure and Consumer Services,
and C. H. W. Flechtmann, Universidad de Sfo
Paulo, Brazil, for the identification of mites. J, H.
Frank. Florida Medical Entomology Laboratory,
Vero Beach, Florida, identified Migota spp. These
investigations were financed by the International
Development Research Centre, Canada.
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Susceptibility of Cassava Chips to Araeceras fasciculatus
K. S. Pillai’

Studies were made to ascertain the relative susceptibility of cassava chips made from
different varieties 1o A. foscicilatis., 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

1Central Tuber Crops Hescarch Institute, Tri-
vandrum, India.

sun-dried chips are more widely preferred for
eating. Chips are attacked by more than a
dozen storage pests, the most important one
{Araeceras 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 (variefies).

Mean population of  Mean quantity of

Varielies test insect chips damaged (g)
H-226 9.3 154.3
H-1687 101.1 217.7
H-165 35.0 9.3
H-2304 64,0 147.0
H-38 EB.3 9.0
H-3641 97.3 .0
H-312 99.3 200.0
H-97 100.0 2003
H-205% 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 Mair (1970) reported that
cassava is the preferred host material of the
insect,

Materials and Methods

Mass culture of 4. 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 uscd
in the experiment. Ten pairs of freshly emerged
test insects were put into each bag for
feeding and multiplication, The bags contain-
ing host material and test insects were dipped
and kept in the laboratory for 45 days. The
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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 1 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 varicty (147 g of H-2304
to 217.7 g of HI1687) 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
varicties in not promoting the population
buildup of the pest.

There is also a significant difference between
H-226 and H-2304 and H-226 has the highest
resistance to this insect.

In quantity of chips damaged, all varicties
except H-2304 and H-226 arc susceptible and
significantly inferior, but between these two
there is no significant difference.

Thanks are due to Dr M. 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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2 V' Utilization of Potatoes in the Tropics
/ N.R.Thompson, R. T. Wurster, and K. D. Sayre'

Research at the Tnternational Potato Center in Peru has demonstrated that excellent
potlato vields can be obtained under both intermediate- and low-elevation tropical environ-
ments. The potato clones that are well-adapted 1o 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 Rescarch and Training. International
Potato Center, Lima, Peru, and Department of Plant Physiology, International Potato Center, Lima,

Peru, respectively.
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ing systems in intermediate- and low-glevation tropical arcas. The potential for high
carbohydrate production plus the sizable amount of high-quality protein that the potato can
produce in shert time periods 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 scafarers 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 nincteenth century (Salaman 1949),

The potato was classified as a crop of the
temperate zone, primarily because 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 moisture 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 promote its adaptation to tropical and
subtropical environments where root crops are
important sources of food.

Our results show that excellent yields in the
San Ramon area can be produced in a tropical
environment (Table 1). Yields as high as 2850
g /plant have been recorded. Some produced
over 1000 g/plant in 90 days; one clone pro-
duced 1100 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
effort to double potato production in the next

5 years. Kenya and the Cameroons are vigor-
ously improving their potato programs, The
poltato 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-
cieties 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, Ae-
cording to Salaman (1949) this made the in-
dustrial revolution possible.

Early South Americans were the first “potato
processors.” Chufio, 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 335 protein by re-
maoving the large starch grains from potato
flour. 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 are
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
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Table 1. Adaptation trial yields in 1974,

San Ramon La Molina
Clone Metric tons/ha 7; solids Metric tons/ ha 7, solids
G5TA-5 60.06 20.1 51.97 2.0
CGMNGS-1 49,33 20.2 46,20 221
69-47-2 43.89 209 49.00 21.1
Antarqui 39.50 16.6 40,59 20,0
72/Mast-164 1597 211 20.86 2
M512-50 3564 21.6 30.03 19.8
M1255-16 3498 4.6 1346 M8
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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
649% 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)
caleulated the number of people who could be
supplied with protein per hectare per year from
various crops, including potatoes (23.5 com-
pared to 40.5 for sovbean).

To meet present and especially future world
food demands it is now recognized that em-
phasis must be placed on plants and plant
products. Mot 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 cnergy 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

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 dicts 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 mincrals 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 modificd 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).»

Yield i e
Clone (keg/ha}  solids  protein®  RNV*
D 41-41 43870 343 8.1 68
1D 80-43 Ialo2 118 1.5 iy
3D 3T0-41 M 25.5 15.3 7
D 100-2 JIgTH 0y 6.9 83
D 376-41 2700 25.7 11.3 75
30 BO-50 25047 RUR 108 85
3D 80-37 23628 30.8 1.6 fify
3D §0-23 19734 36,2 4.9 74

ACourtesy Dr F. de Ly Puente,

bProtein = N x 6235,

TRYNMN = Growth of Streploccacus Zymogenes a5 a
percentage of cascin.

of drought to decrease discases and insects.
Once production problems have been identi-
fied, seed programs can be initiated. In the
early stages seed may have to be imported
from traditional production areas. Also po-
tatoes must “fit” established cropping systems.
A potato, to complement total production per
hectare in a multiple cropping scheme, pro-
vides the variation so necessary to many diets.

Potatoes from CIP's breeding programs are
grown in Peru in a range of environmenls
from Yurimaguas in the humid tropics to Puno
in the altiplano to anticipate their adaptation
to similar environments in other countries.
Botanical seed and segregating tuber familics
are available for any potato program wishing
to test them. Adaptation to the environment
(vield and maturity) influences the produc-
tion and food value of the potato. It would
appear from recent studies that protein pro-
duction parallels total yield per hectare and
is strongly influenced by environment,

Yields, by tradition. have been reported on
an area basis, i.e, hundredweight/acre or tons/
hectarc. In 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 can he cropped continu-
ously, the time element becomes very impor-
tant. It is misleading to compare the yield of
a 90-day crop to the yield of a 300-day crop
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on a per hectare basis. For tropical agricul-
ture. a more reasonable measure is vield 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 carly-tuberizing cultivars,
three 1o four crops are possible in one year
tripling or guadrupling the yield per hectare
and providing a continuous harvest to avoid
starage problems. On this basis the potato out-
ranks all of the major world food crops in-
cluding 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 Amazonia'
Milton D. Albuquerque’

A severe altack on cassava by a mealy bug (later identified as Phemococcus sp.) oc-
curred 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 de Pesquisas Agro-
pecuarias do Tropico Umido, in the counties of
Belen and Macapa { Amapa Territory), Brazil.
This mealy bug differs from Psewdococous
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 hall of
1975, severely attacking the trials and the 150-
cultivar collection of the above-mentioned re-
search centre, as well as Manihor glaziorii.

The insect was destroyed by burning all
material, after saving the collection by treating
the unattacked portions of the stakes with in-
secticides. The collection was moved o
Tracateua, a farm situated 200 km 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

ITranslated and condensed by Julio Cesar Toro,
CIAT, Cali, Colombia.

2Prazilian  Agricultural Research  Institute
(EMBRAPA). Humid Tropical Agricultural Re-
search Centre, Belém, Brazil.

Guiana or Surinam.

Adults are about 2.4 mm long and 1.5 mm
wide. They are white and their bodies are
covered by a whitish dust. They move slowly
when disturbed, Females lay a very large num-
ber of eges 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 loxin with its saliva that, in severe attacks,
withers the plant. One insect alone can make
a leaf curl. It attacks new shoots as they ap-
pear on the attacked plant, impeding their nor-
mal growth.

Due to the serious damage caused, studies
were immediately started to find possible
sources of resistance. We found that all 150
cultivars of the collection were susceptible.
Such wild species as Manihor quingquepartita
and Manihot hrachilaba showed good resist-
ance 1o the pest.

Mo 100% eifective insecticide was found but
two were identified as being efficient in more
than 95% of the cases. These were Parathion
and Citrolane, at 1% concentration of active
principal.

The treatment of stakes with these in-
secticides, crop rotation where attacks took
place, and the elimination of wild cultivar
hosts are also efficient control measures.
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Summary of Discussions
Preharvest and Postharvest Losses

Rapporteur: J. C. Lozano

Discussion Leaders:
J. C. Lozano, H. D. Thurston, R. H. Booth, and L. B. Rankine

The lead paper by H. R. Shuyler, R. H. Gonzalez, W. 1. Moller, J. Faure and
E. Reusse entitled “Pre- and Postharvest Losses of Tropical Roots and Tubers and
Their Reduction™ was presented by H. A. Al-Jibouri.! The prepared abstract was:

“Pre- and postharvest loss of tropical root and tuber crops is reviewed. Causes
of loss in the preharvest period include numerous diseases and insect pests. In
general, losses are not considered to be as severe as for other tropical crops although
investigation of the problem, comparatively, has not been extensive. Losses due to
weeds are poorly known. Current loss control approaches emphasize cultural prac-
tices and plant breeding in particular.

*In addition to discases and insects, postharvest losses are related to processing
and marketing, where physiological deterioration frequently occurs, Reduction of
postharvest loss centres currently around cultural practices. Chemical controls are
not widely used in pre- or postharvest loss reduction.

“Conclusions concerning necessary action to further reduce pre- and post-
harvest losses in the next 5-10 years include the need for wider use of improved
cultural practices. Emphasis first on cassava losses is recommended, then on sweet
potatoes, and yams, Priority in reduction loss work should be for the subsistence
grower, These suggestions lead to a need for extensive training to strengthen exten-
sion activities,

“Cultural practices recommended for the preharvest period include crop
rotation and improved mass selection for propagation. Integrated pest management
should be possible in some 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 in
processing and marketing should also be attainable. Storage and processing losses
can be further reduced through applied research.”

A synthesis of the discussion follows:

Thurston discussed the importance of plant diseases as limiting factors in food
production. The following summary covers the major considerations:

More than 160 bacteria, 250 viruses, and 8000 fungi are known to cause plant
disease in addition to mycoplasma-like organisms and viroids which have recently
been added to the list. Some include nematodes as disease-producing agents. There
are many classic cases of catastrophic plant diseases in history which have wiped out
entire crops, often resulting in widespread famine and human disease, Examples are
the late blight epidemic of the 1840s in Ireland, coffee rust which last century wiped
out coffee in Ceylon, and in 1970 was introduced into Brazil where it has caused
great economic loss. As recently as 1942 an epidemic due to brown leaf spot caused
the failure of the rice crop in West Bengal and an estimated 2 million people died.
Many other examples can be cited, but fortunately the great majority of plant
diseases are not catastrophic. Estimates of losses due to plant disease vary widely
and much of the information is simply not believed by administrators, the public,
and politicians. Most figures found for losses in tropical (developing) countries are
double those found for the temperate countries of North America and Europe.

"The complete text of this paper is available on request from the Cassava Information Cenire,
CIAT, Cali, Colombia.
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Table 1. The importance of an integrated approach to increasing effective or utilizable production of
rool crops.

Sweet
Model Potatoes potatoes Cassava  Yams  Aroids  Mise.  Total

A. Present situation fmiffions merric tons)
1. World production

(FAD 1974) 104} 294 134 105 19 4 k] 560
2 25% postharvest Josses
(Coursey and Booth 1972) 25 73 M 26 5 1 | 140
3. *Utilized Production™ 75 220 101 79 14 3 3 420
(100-257)
B. Possible ** Utilizable Production™ following research and decelopment (milfions metric fons)
4. Following 57; increase 7875 231 106 83 15 3 3 441
in production (105-257%)
5. Following 57, reduction 80 235 107 84 15 3 i 448
in postharvest losses (100-2077)
6. Following 577 increase in 84 7 13 BR 16 4 3 470

production and 57 re-  (105-2077)
duction in postharvest
losses

In addition to the direct losses that occur from plant diseases, the threat of
introducing 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 arcas. Examples of diseases that could move
from continent to continent are the Asian downy mildews of maize, the Asia
bacterial discases 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-
lems, 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 wide-
spread and serious losses. No one, least of all the breeders and plant protectionists of
the international centres in developing countries where the high-yielding varietics
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 reduce
the chances of potential disasters. A worldwide cooperative eflort to monitor the
world movement of pathogens, perhaps including other pests, should be established.

All plant protectionists, entomologists, plant pathologists, nematologists, and
weed scientists should work together to develop pest management systems. 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 discases, insects, and other pests. The financial
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loss in 1975 was estimated at over 75 billion dollars which was equivalent to the
total value of the world's grain harvest together with that of the world's potato

"
s

Lozano discussed the environmental factors related to disease development in
temperate and tropical zones. He emphasized the following factors: the preater
availability of susceptible host material and the existence of a continuous favourable
environment for the development of the diseases which jointly result in more
frequent incidence of ephiphytotics in tropical zones.

Booth stressed the importance of postharvest losses, including those of quality,
and the need for a multidisciplinary approach to their reduction. The possible
magnitude of these losses is illustrated in Table 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, ete., 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 with

“bitter potatoes™ in 1971. Tt 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 protcin 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/vear. In the high
mountain plains, the consumption of potato in-
creases to 288 kg/year, including the use of
chuno.

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, Solanum juzepczukii and §.
currifobum, 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 culiure. They used it as
their main source of protein and calories. In
1550, Cieza de Ledén wrote that many
Spaniards became wealthy by transporting and

1Visiting Scientists from Ministry of Nutrition,
Mational Potato Program, Lima, Peru, and from
Michigan State University. Department of Food
Science, East Lansing, Michigan, USA, respec-
tively, to The Imernational 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 chufio in the Potosi mines of Bolivia.
Cobo, in 1653, mentioned that there were hit-
ter polatoes 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
calorigs. 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 up close 1o 80%
of the diet of the inhabitants of the high
Andean zone if heavy frosts damage other
crops.

Preparation

Chufio preparation requires the climatic con-
ditions that exist in the higher plains of the
Andes, with very low night temperatures {(—15
to —20°C), very high daytime lemperatures
(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
freeze and thaw 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 chufio, black chufio, and
dry potato from clones 702445, 702443, and 702444,

2 Fresh  White chufio  Black chuio Dry potato
Fertilizer potato
{N-P-K) {1/ha) (t/ha) (%@  (t/ha) (%) (t/ha} (%)
T02445
0-0-0 12.5 2.5 20 26 21 30 24
B0-80-50 230 46 0 4.8 21 5.5 24
160-160-100 8.4 6.0 0 59 21 6.8 24
240-240-150 34.0 7.0 20 7.1 21 £.1 24
T02443
0-0-0 8.0 I.& 20 1.9 24 20 25
80-80-50 18.0 40 20 4.3 M 4.5 25
160-160-100 200 44 20 48 24 50 25
240-240-150 21.0 46 20 5.0 24 5.2 25
702444
0-0-0 88 5 » 26 30 2.6 k)|
B0-80-50 20.5 6.0 ) 6.1 30 6.3 il
160-160-100 234 6.8 29 7.0 30 7.3 3
240-240-150 4.0 1.0 » 7.2 30 7.5 k}|

8Percentage 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 chuiio is obtained. It is a dried, brown,
almost black, root with a very strong Mavour.
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, pecled, and then
dried in the sun for 12-15 days. They are
ground before use. For dry potatoes in chip
form, after cooking and peeling, the roots are
cut into 1- to 2-mm thick slices that are dried
in the sun for 10-12 days.

Results

Table 1 shows the effect of fertilizers on
yield. Fertilization does not influence the rel-
ative propertion of the production of chufo
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 chufo.

Table 3 shows the biological and nutritional
value contained in | kg of each of the pro-
cessed products in dry matter, crude protein,
calories, and usable protein, as well as the
amount (g), that should be consumed to ac-
quire the daily nutritional requirement of 37
g of protein and 3000 calories.

Comparing the nutritional value produced
by 1 kg of each of the processed products, it
can be seen that all three have a considerable
amount of dry matter, but in crude protein,
black 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 chufo has a low content
(14 g), whercas dry potato has a high con-
tent (66 g). To obtain 37 g of protein daily,
one must consume 1502 g of white chufio, 414
g of black chufio, or 376 g of dry potato. Dry
potato and black chufio are the products that
have the best balance of nutritional value al-



114

TROPICAL ROOT CROPS SYMPOSIUM

Table 2. Chemical analyses of processed bitter potatoes.

Dry Total
matler nitrogen Crude True Biological
Clone (76) (%) protein protein value

Fresh potato

702445 21.0 214 13.7 53 45

02443 210 e 13,9 6.2 a8

T02444 330 1.54 0.8 5.2 45
White chufio

T02445 90.2 0.37 24 20 55

T02443 B9.5 0.45 28 25 54

702444 BO.8 0.50 EN | 26 58
Black chufio

702445 94.6 1.52 9.5 kA | 42

T02443 94,7 1.79 11.2 4.7 54

702444 95.0 1.30 8.1 4.1 63
Dry potato

702445 9.7 1.83 11.4 56 68

702443 92.1 1.86 1L.1 6.1 63

T02444 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-Kjeldahl; crude protein = total nitrogen = 6.25; true

protein = residue of alcohol washing at 807 of total nitro

iological value

n; and
obtained by the Siroptococcus zymegenes microbiological mctE:ud taking as relerence the

biological value of casein {100},

Table 3. Nutritional value of 1 kg freeze dried sample of products processed from bitler potatoes,

Amount (g)
Dry Crude Usable® needed for
Biological matter protein protein dietary
value () (g) Caloriess {g) reguirements®
Fresh potato 9 250 79 840 14 1231 3571
White chufio 56 900 25 3597 14 [302 8§34
Black chufio 53 950 90 3797 48 414 791
Diry potato 67 930 98 3708 66 3iT6  B(@
sObtained by ((yield x 7 solids 3 4)/100).
b0 btained by ({crude protein x B.V.)/100).
eDietary requirements = 37 g of protein and 3000 calories.
though dry potato has the largest protein losses of between 14.4 and 222 mg gly-

content.

The processing of potatoes, cheaply and at
the small farmer and community level, is ex-
tremely important in cold tropical regions to
help relieve the problems of storage, trans-
portation, and marketing, and consequently of
food supply. The nutritional aspect of these
products is very important in the cold regions
of the tropics because the intake of proteins
and calories must be increased.

In the processing of white chufio, losses of
7.7-14.7 mg of total glycoalkaloids occur dur-
ing freezing and thawing. During soaking,

coalkaloids are recorded.

Table 4 shows the total glycoalkaloids con-
tent in milligrams per 100 grams fresh potato
contained in each of the products processed
from bitter potatoes. The low content of gly-
coalkaloids in white chufio and dry potato is
shown, Considering the maximum tolerance for
human consumption, fresh potato of this
species cannot be eaten. Even black chufio
would barely be palatable. On the other hand,
dry potato is well within the limit of palat-
ability.

During the processing of black chufio, losses
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Table 4. Total glycoalkaloid content® in products
processed from bitter potato clones,

T02443

T02444 T02445
Fresh potato 304 343 300
White chufio 4.2 4.4 25
Black chuiio 18.0 16.5 14.9
Dry potato 6.0 6.6 6.1

SExpressed as milligrams of towal glycoalkaloids per
100 g of fresh potato. The maximum tolerance for
human consumption is 20 mg glycoalkaloids per 100 g
fresh potato,

are produced during freezing and thawing of
9.2-10.4 mg of glycoalkaloids, and, during
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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 chufo requires special
climatic conditions, such as those found in the
Andean highlands. However, dry potato can
be produced in almost any potato producing
area in the world. It thus has a tremendous
potential as a source of protein and calories.
The cheap processing of potatoes is very im-
portant in helping to relieve problems of
storage, transportation, and marketing and,
consequently, the problem of food in develop-
ing countries.

Cassava Ultilization in Agro-Industrial Systems
D. J. McCann'

Cassava is an ideal crop for vse in agro-industrial systems, where agriculture and
industry combine to achieve the greatest efficiency in utilization. The basic concepts for a
correctly designed agro-industrial system based on cassava are explained, and those in-
dustrial processes with the greatest 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 rescarch on
cassava agronomy (at CIAT, IITA, CTCRI,
etc.). This has resulted in a vield 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, nonctheless 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 vielder 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, onc that is grown

1Department of Chemical Engincering (and
Energy Research Centre), University of Sydney,
Sydney, Australia 2006,

primarily for processing into industrially useful
products.

The importance of cassava as an agro-indus-
trial crop has been further enhanced by the
recent change in the world energy price struc-
ture. All of the chemicals that can be produced
from cassava starch are currently manufac-
tured from 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
anacrobic fermentation. This approach is very
important, particularly for developing coun-
tries where there are little or no indigenous
fossil fuels.

The processing of cassava by utilizing crop
residues to provide the energy leads to the con-
cept of an “agro-industrial system.” Here there
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is a close relationship established between in-
dustry and the land with each part of the crop
being utilized in the most efficient manner,
Mutrients (NPK) that pass through the pro-
cess unutilized are recycled to the soil, thereby
reducing fertilizer requirements and over-
coming waste disposal problems.

Agro-Industrial Processes

In Fig. | 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 com-
mencing with the least capital intensive process
that is economically viable. Many of the pro-
cesses in Fig. 1 could be developed on either a
medium/large scale or village scale, the ap-
propriate level depending vpon the sociceco-
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
Bl. 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 eguipment
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 a fibrous pulp
that drops onto the inside of the belt and is
squeezed over a perforated or grooved cylin-
der. The juice is then coagulated by the injec-
tion of live steam, which also destroys any
cvanogenic 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 remov-
ing the green colour and “grassy™ taste. Further
treatment of the chloroplastic fraction can re-
move the chlorophyll and nonprotein com-
pounds,

So far there has been little work done on leaf
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protein extraction from cassava although
major rescarch 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-
tion will contain unextracted protein as well as
nonprotein nitrogen, making it suitable as a
low grade animal feed. Alternatively it could be
used for particle board manufacture (Flaws
and Palmer 1968), burned to provide steam
for heat and clectricity generation, or anaerobi-
cally fermented (together with the coagulum
filtrate} to methane, The gquantity 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 guality 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 (179 ) 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 honding or
use of corn starch/cassava blends give rheo-
logical properties that are ideal for use in a
whole variety of convenience foods. As well,
cassava starch is ideal for paper sizing, and
enzyme hydrolysis to glucose and subsequent
fermentation. Thus substantial inroads could
be made into, say, the maize starch market,
particularly if high quality process plants are
established and the new high yielding varicties
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 cach 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 M)
of primary fuel is required per tonne of roots
processed. To this must be added a steam re-
quirement for drying. giving a total primary
energy requirement of 1625 MJ per tonne of
fresh roots. Referring now to Fig. 2 one can
see that for every tonne of fresh roots, 40 kg of
dry solid is available as peels and 50 kg as pulp
waste. If these two waste streams are used as a
raw malerial 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 stcam and
electricity, The residue from the digester still
contains all the nutrients present in the waste
feed and can be utilized in an aguaculture
system to provide high protein food in the
form of algae, fish, and ducks. Waste water
containing unutilized nutrients is then returned
to the soil. We currently have underway in the
Chemical Engineering Department of Sydney
University a project based on these ideas in
which we are initially studying the use of cereal
straw waste and animal excrement,

As well as providing methane to power the
whole process, it is possible to produce an ex-
cess by utilizing all of the cassava tops or
residue from leaf protein extraction. Assum-
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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 “encrgy” 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, ete.). 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. Tt
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 tended to
lapse in the period since 1950 and it is only in
recent years that substantial improvements
have occurred, largely as a result of the new
continuous single cell protein processes from
oil. These new developments applied to cassava
fermentation, combined with high yields, could
lead us wvery 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 enzyvme 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 cerevisiae).
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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 luel 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
yeasls 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 Austraha (McCann
and Saddler 1974) it was estimated that the
cost of production of ethyl alcohal using tower
fermenters would be $A215/t (including 25%
return on capital). This compares with an al-
cohol from petroleum price of $A275/t. If cas-
sava yields could be further increased to 80-90
t/ha costs would decrease to $SAI175/t or
£A5.9/G]. 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 [. Initially
acetone was the main product, but with the
development of nitrocellulose lacquers, butanaol
eventually became the main product. Clos-
tridium acetobutylicum is the organism used
and it is capable of producing a 30% vield (on
dry weight starch) of mixed solvent containing
butanel, 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 SUS300, respectively, a process
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based on cassava seems very attractive. Very
little research was ever carried out on butanol
fermentation of cassava so that there is con-
siderahle 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 Clostridinm acetobutvlicum has its own
amylase and hence can act dircetly on the
starch.

As well as the mixed solvents, the fermenta-
tion also converts 455 of the starch into a gas
containing 60% carbon dioxide and 40%
hydrogen. This by-product gas could be puri-
fied to either carbon dioxide or hydrogen (for
use in the hydrogen economy?) or converted o
methanol by passing the gases over a suitable
catalyst. Hence the “butanol fermentation™ is a
very powerful process producing a variety of
products capable of use as direct cnergy sup-
pliers or industrial 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,

Itis, however, slightly easier to hydrolyze cas-
sava starch because of the low protein content.
Liguefaction of the starch slurry is first carried
out at a temperature of 90-100 °C wvsing 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 jons 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 cvaporation, and crystallized.

Glucose is used primarily by the food indus-
try as a metabolic energy source and sweetener,
It is, however, only 70% as sweel as sucrose
g0 is not always ideal as a “sugar” substitute.
This has prompted research into ways of turn-
ing glucose into a glucose/ fructose mixture,
which could compete directly with sucrose.
Such a process is now successful commercially
{ Aschengreen 1975) and uses an immobilized
invertase enzyme that isomerizes about 50% of
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the glucose to fructose, This process has re-
cently been applied to the corn industry in the
USA and has received a substantial boost from
the recent world shortage of sugar and result-
ing high prices. The process would be equally
successful with cassava.

Single Cell Protein

One of the problems with cassava when used
as a human food is its low protein content (1-
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 mash
using yeasts or fungi, as in “gari” fermenta-
tion. This is probably the simplest and cheap-
est way of increasing protein content in de-
veloping countries,

Another approach is being examined at
Sydney University {MacLennan 1975) where-
by veast is grown on hvdrolyzed starch and
harvested as a concentrated source of protein
(45-55% ). However, yeast contains about 5-
8% nucleic acid, and since the daily allowable
maximum is 2 g/day, only about 15 g/day of
crude protein can be supplied by direct con-
sumption of yeast. Thus if FAO recommended
levels are to be provided from veast alone, ex-
traction of the protein and purification into a
concentrate is required. If such a concentrate
could be incorporated into various ethnic
dishes, cassava could become a major provider
of carbohydrate and protein.

I have in this paper attempied to indicate
some of the areas of cassava utilization that
could have a big impact in the foreseeable
future, and to describe a methodology for
efficient agro-industrial use. If cassava is to be-
come a major world crop for the production of
food, energy. and industrial chemicals, research
into utilization needs to be substantially in-
creased, Areas in which valuable contributions
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could be made are: (1) leaf protein concen-
trate; (2) residue utilization; and (3) fermen-
tation studies. If substantial research programs
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 of
the four production factors — land, labour, capital, and current expense. The root crop
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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-
sults on the efficiency with which the Fijian
farmers in the Sigatoka Valley, Fiji, allocate
their farm resources such as land, labour, capi-
tal, and current expenses to produce cassava,
sweel polatoes, taro, yams, and [rish 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 is defined 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
biclogical 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, covering
the period November 1970 to October 1972,
from the Sigatoka WValley, 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-
ments throughout the Sigatoka Valley. In the
second year, data from two Fijian farms and
three Indian farms in one locality were not col-
lected because of a dispute between the Fijian
landholding unit, the matagali, and the ten-
ants, which severely disrupted the economy of
these farms.

In the production functions, the input-output
data for each farm are treated as an observa-
tion as has been done in many other studies
(Massell and Johnson 1968; Yotopoulos
1968). The observations for the 2 years were
pooled so as to derive aggregate production
functions for Fijian and Indian farms.

A Model of Production

The use of land, labour, capital, and current
expenses on a farm can be related to the value
of the crops produced on that farm. The func-

tion chosen to describe this input-output rela-
tionship is the Cobb-Douglas type of produc-
tion function which, for this study, can be
written in logs (to the base ¢) as:
In¥Y, = InK; 4+ ¢;Ind; + ez InL; +
oy InCy + ayInk, + U,
where: ¥ = gross output of farm j (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); ay . . . @y, =
elasticity of production of each of the above
factors; and U; = 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 regression coefficients of real
variables are also the elasticities of production.
The elasticities of production are used to esti-
mate the marginal value products of the pro-
duction factors, which are the important
parameters for the test of allocative efficiency
on the farms. The Cobb-Douglas type of pro-
duction function is lincar in logs and therefore
to fit the function to the data in the least-
squares regression analysis requires log trans-
formations of all real variables.

Zero-One Dummy Variables

Zero-one dummy variables were also incor-
porated in the 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 is predominantly 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.
Fijian Indian
Equations A B L o4 D A B C D

Land {ha) 36.00 085 14.14 6248 159.21 153,34 173.72  158.87
Labour (manhour) 0.286 0.272 0.327 0.29% 0.083 0.165 0.076 0.084
Capital (5) 4.61 5.02 4.87 5.34 514 5.26 5.07 17
Expense (5) 1.92 204 211 1.37 296 256 28 296
Year 14598 124.88
Lower Valley 100.10 —143.46
Middle Valley —29.44 —16.78
Soil A —100.59 -8.52
Scil B —128.28 —5.52

The production model with the inclusion of
dummy variables can be written as:
In Yj = ln.'{, +a'-:ll'laf|, -+ ﬂ'zlﬂLJ +

oy InC; + ey InE; + o Ry, + agRay +
ﬂ'?su + ﬂhs:_l_, +ﬂ1|T_|. + U_,

where R, and R, = dummy variables for the
lower and middle valley; §, and 5, = dummy
variables for soil A and soil B; T = dummy
variable for year; and where all other symbols
are defined as above,

Separate regression runs were made with
each dummy variable set so as to compare
their effect on each production factor.

Marginal Value Products and Optimum
Resource Allocation

The elasticities of production were used to
calculate the marginal value products of each
factor of production. The marginal value prod-
uct of an input factor is the value added to the
gross output by the addition of one more unit
of that factor. 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 Masscll 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 (MVYP/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.

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 optimum resource allocation on
farms can only be discussed in the context of
fixed 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 assumption
implies that the capital should be allocated
among the production factors on the basis of
the ratios of the respective elasticities of pro-
duction and such a procedure was followed in
this study, In the absence of a developed land
market, the value of land was derived by sub-
traction after the other production factors,
which are based on the level of resource use
per hectare of land, had been valued. The
market price of land is the average land rent
paid on the Fijian and Indian farms. The
marginal cost of 1 hour of labour has been
taken as $0.1875; that of capital and expense
is of course $1.00.

Results

The estimated marginal value products cal-
culated from the elasticities of production are
given in Table 1. 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, taro, yams, and Irish potatoes, the
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Table 2. Optimum resource allocation, Fijian farms,
14) (5)
(2) (3) Optimum resource  Optimum resource
i Ratio of Optimum resource  allocation with allocation with
Sample mean marginal value allocation with  limited capital and  limited capital
level ha—! product to limited capital land area fixed and labour fixed
(5) marginal cost (%) (5) (3)
Land 172 7.18 44 172 56
Labour 59 1.53 106 48 59
Capital 19 4.61 90 4l 115
Expense . 1.92 9 18 49
Total 279 279 279 279

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 reguired 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.

The only significant dummy elasticity of
production in both farming systems was the
year cffect 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 carly 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 65 lower
than that on the Indian farms,

Estimated Marginal Value Products

The estimated marginal value product of a
hectare of land on Fijian farms is about 22%
of that of the 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 is nearly 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



CHANDRA AND DE BOER: EFFICIENCY OF FIJIAN PRODUCERS

work. In all equations the ratio of (MVP/MC)
of labour on Fijian farms is greater than 1 im-
plying that the Fijians could successfully utilize
more labour in the production process. The
converse is true of the Indians, in all equations,
who could reduce their labour inputs.

Both Fijians and Indians could economically
increase their capital and current expense in-
puts because the returns are substantially more
than the cost in all equations. Commercial pro-
duction of root crops on a larger scale, which
will be feasible in the near future given the
present growth of demand for traditional food
crops in the urban areas, should induce farmers
to invest more in capital items and equipment.

The estimated marginal value products of
year, regions, and soils reflect the relative dif-
ference in the average farm gross output asso-
ciated with cach 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 529.44 less gross oulpul. Because of
their bulkiness, root crops incur high freight
costs when transported to the urban markets of
Sigatoka, Suva, Lautoka, and Nadi. The most
suitable region for attaining the highest gross
output would be the point nearest to such
markets and this is the lower valley. The uwpper
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. Almaost 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
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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
efficicney 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 reguire 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 1o be seli-sufficient
in certain cereals such as wheat, and thus it is vital 1o expand production of other crops
that are known o 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 1o 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 affected by discase 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 vields from 1970 to
1975 have averaged §-9.3 t/ha. These vields
are low, and considering that some arcas 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, investigalions
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-
sulted in a considerable saving in foreign ex-
change by reducing the quantity of wheat that

1Federacion Macional de Cafeteros de Colom-
bia, Programa de Desarrollo v Diversificacion de
Zonas Cafeteras, Apartado Adéreo 30244, Bogoti,
Colombia.

must be imported.

As substantial quantities of wheat are im-
ported into Colombia, the question of estab-
lishing an industry for the production of flour
from alternative crops is a matter that should
be given a high degree of priority, both from
the point of view of saving foreign exchange
and as an investment apainst a future world
food crisis.

If the future level of imports of wheat into
Colombia is taken at 400000 t/year with a
flour extraction factor of 75%, the volume of
flour would amount to 300 000 t. If 109 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 [, The
average cost of wheat imports in 1975 was at
the rate of USS 153.40/t. Current prices are
well in excess of USS 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 USS 8 million, which at the present
rate of exchange (US% 1 = 34.545 Colombian
pesos) would amount to over C$ 276 million.

Necessity to Increase Production

A world food crisis emerged in 1972 when
production of cereals declined by over 30 mil-
lion tons. This occurred at a time when an in-
crease of some 25 million tons was needed to
meet the requirements of an expanding world



VALDES SANCHEZ: CASSAVA IN THE COLOMBIAN ECONOMY

population. This crisis was more serious in the
developing countries than in the developed
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 of
cereals Lo 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 occur
in the near future.

It is vital for countries such as Colombia to
make the utmost utilization of their own sup-
plies of basic food crops, to make available as
much food as possible to feed an 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
from 21.1 million in 1970 to 24.5 million in
1975.

The present increase is at the rate of 2.9%
per annum and if this is maintained the popu-
lation will double by the end of this century.

FAOQ/UNDP Mission to Colombia

At the request of the Government of Colom-
bia, a FAQ/UNDP mission visited Colombia
in 1967 to define a suitable pilot project for the
production, processing. and utilization of com-
posite flour made from locally produced raw
materials. A technical and economic survey
was undertaken on cassava and the mission's
report included the following main recom-
mendations:

(1) The Government should initiate a study
on the feasibility of producing baked products
made from 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.
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This revealed that the production of flour from
cassava could be an economical operation.

Market Factors

Fresh cassava is a staple item of diet in
Colombia, and normally the highest 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 at
reasonable prices. A farmer's idea of price is
the highest price he has ever received for a
specific product in the past. However, it is pos-
sible to convince farmers of the financial ad-
vantages of selling substantial guantities of
produce for processing at prices lower than
those to which they have been accustomed,
particularly if advice and assistance can be
given to enable them to obtain greater yields
from the same area of land.

There is always an clement of risk in ensur-
ing that processing industries can be made eco-
nomically viable, and this particularly applies
when the raw material is highly perishable as is
the case with cassava, One of the risks, and
perhaps the main one, is to ensure that there
will be adequate supplies of raw material to
keep a plant in full production,

However, particularly with highly perishable
crops, farmers are sometimes reluctant to in-
crease their production unless they know that
there will be an assured market outlet at eco-
nomic prices for the entire quantity harvested.
Therefore, plans for introducing processing in-
dustries may not be put into effect due to the
unavailability of an adequate supply of raw
material. Consequently, if these factors are
accepted, no progress can be made in cither
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 50000; buildings 660 000; local
equipment 1 318 600; imported equipment
1 100 000; labour costs 350 000; and cost of
installation 300 000. The cost of this project
(3 778 600 pesos) is being financed as follows:
Comité de Cafeteros del Quindio 10%; Fe-
deracafé-Prodesarrollo 109% ; 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
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each per day. This possibility will be given con-
sidermtion 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 guality
with a good appearance. It was readily ac-
cepted by the supermarkets in Bogota, and
requests have been received for further sup-
plies.

Benefits of Cassava Processing
Industries

The benefits to be obtained from establishing
cassava processing industrics are considerable
and are summarized as follows: (1) farmers
would be encouraged to expand production of
cassava as they would have an assured market
at stable prices; (2) Colombia would be less
dependent upon imports of wheat with a con-
sequential saving in foreign exchange: (3) it
would be an investment against a world food
shortage such as occurred in 1972; and (4)
work would be created in areas where thereis 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 agreeconomic 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 survev are: (1) the prediction of total cassava production
and acreage in Thailand for 1974 and 1975; (2) the identification of major sets of produc-

18chool of Agricultural Economics, University of Guelph, Guelph, Canada.
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tion practices; and (3) the identification of factors encouraging or discouraging the use

of certain technologies.

The data for this paper were extracted from two questionnaires. The first related to
acreage and production (2153 farmers), the second to specific production and marketing

practices (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 countrics. The similarities are deceiving,
however, because Thailand has suceeeded in
developing an export market while other coun-
tries have failed.

Preliminary analysis suggests that in 1974,
445003 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 WNakhonrachsima,
planting is evenly spread out over the year with
a slight peak eccurring in May and June. In the
other changwats more than 50% of planting
occurs in April and May.

The above cursory examination of the data
provides 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 legislation 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 acrcage 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
vield 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 1. The indications are that the areas not
specializing in cassava tend to have slightly
fewer farms with low vields (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 arcas expect to have fewer farms with low
vield 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,
discase, and insect problems. Of the former,
the most important are varieties, purchased
inputs, and labour utilization,

Exogenous Factors
Owing to resource (financial and personnel)



Tahle 1. Distribution of yields.

Yield level ¢ of farmers
(t/ha) Big three Other Kingdom
0-9.4 157 il 13.2
9.4-12.5 2.6 23.1 219
12.5-15.6 214 14.0 17.4
15.6-18.8 10.1 17.8 14.3
More than 18.8 12.2 14.0 11.2

constraints, it was only possible to survey
farmers' reactions to discase, insect, and water
problems. Although 12% of the farmers re-
ported discase 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 vields 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 viclds. 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 discase, insect, and water
problems do have a deleterious effect on vield,
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-
duetion practices is impossible, However, ex-
amination of individual factors and obscrved
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 wvarieties 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,
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Source of stake did not appear to affect
yield (3795 of the farmers bought their stakes
or got them from a neighbour), but method of
storage did secem 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 vyields.
Length of storage did not appear 1o affect yield
(on average, 78.5% of farmers stored stakes
for less than 1 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 5256 (5132 baht)
per farm. The bulk of the loans are borrowed
and repaid in cash ($26 426 906 versus total
borrowing of $27 910413). 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 merchanits or Agricultural Banks
(43.7 and 33.0%, respectively). As is often
the case in developing countries, the interest
rate is high, with 419 of the farmers paying
between 10 and 15% interest and an additional
37% of the farmers paying over 25% interest.
Availability of credit does nol seem 1o 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 scems 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 vield above 9.4 t/ha). This vield
cifect is associated with two other factors: (1)
farmers who borrow have larger than average
cassava acreage; and (2) farmers with larger
than average acreages of cassava (more than
3.2 ha) have higher yields. Comparison be-
tween the cassava specializing and nonspecial-
izing 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 activitics.

Thai study CIAT study
Land preparation 10.2 —a 25.00
Planting 9.9 9.4 1.4
Cultivation kv 46.8 437
Harvesting 19.9 30.7 4.6

Shachinery used for land preparation.
UNo 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 275 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
ficld 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:
(1) the storage of stakes under shade; (2) the
use of credit; and (3) the manual preparation
of land. Furthermore, the exogenous factor of
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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 arcas 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 arcas will prohibit the latter
arcas 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 429 in Colombia) and that
the average Thai yield is approximately 15 t/ha
versus 11 t/ha in Colombia.

The Thai farmer also differs from his
Colombian counterpart in that the former
rarcly 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, lowers, 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, pgiving a gross
margin of $274/ha. Because average farm
acreage of cassava is 3.3/ ha, the average farm
gross margin derived from cassava is $898.72
from which other variable and fixed costs must
be deducted. Comparable figures for Colombia
are: cost $111/ha, returns $424/ha; and gross
margin $313/ha. Thus, if gross margin is a
good proxy measure for profit, it appears that
cassava is more profitable in Colombia than in
Thailand {on a per unit land basis). If, how-
ever, the length of the production cycle is con-
sidered, then production in Thailand appears
to be more profitable 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 vear, because
some land will sit idle if harvesting occurs just
prior to a dry season.

This paper has attempted to highlight major
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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 FEconomics (DAE), Roval 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 O., Fer Pinstrup-Anderson, and
Ruben Dario Estrada. Cost and wse of inpuis
in cassava producifon in Colombia: a brief de-
scription, CIAT, Series EE No. 5, September
1974,

The Prophylactic Action of Cassava
0. L. Oke'

Cyanogenic glycosides are toxic in large doses. but the body can cope with small doses,
which are converted 1o compounds of high physiological activity, e.g. glucose, cyvanate,
and thiocyanate (used for sickle cell crisis and certain hypertension ), salicvlic acid and
isomers (an antipyretic and analgaesic), and hyvdrocyanic acid (a potent cytotoxin). Under
certain conditions such as development of neoplasm or schistosomiasis, the cells affected
contain high amounts of glucosidases or glucuronidases, which are capable of hydrolyzing
the glycosides but are devoid of the enzyme rhodanese for converting the 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 i lot of cassava
high in cyanogenic glycosides, this might account for the prophylactic property that results
in rarity of sickle cell anaemia and bowel cancer.

IChemistry Department, University of Ife, Tle-Ife, Migeria,
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Hydrocyanic acid does not occur free in
plants, but in many plant species, notably the
Rosaceae and Leguminoscae families, it occurs
in the 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 HCM, which
causes lesions in the central nervous system;
several nitriles have been isolated from Lathyrus
species, known to be the ncurotoxin respon-
sible for lathyrism, e.g. B-aminopropionitrile,
B-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 HCN or from glucosinolates) may pro-
duce enlarged thyreids 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 cvanogenic glycosides give off hy-
drocvanic 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.
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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 toxie, but are detoxified by the bady.
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 com-
pound. Thus under aerobic conditions in the
presence of thiosulfate or colloidal sulfur,
the enzyme rhodanese converts the toxic cya-
nide (HCN) to the much less toxic thiocyanate
{SCN), Another pathway is through combina-
tion with hydroxocobalamin to form cya-
nocobalamin. Others include reaction with
3-mercaptopyruvate to form thiocyanate and
pyruvate, and reaction with cystine to form
cysteine and B-thiocyanoalanine. The details of
these mechanisms have already been reviewed
by Oke (1969},

We can therefore say that the cyanogenic
glyeosides are water soluble, essentially non-
toxic, sugary compounds that occur extensively
in many edible plants, especially the seeds. On
hydrolysis by §-glycosidase, an enzyme pro-
duced by intestinal bacteria as well as the body,
they vicld glucose, hydrocyanic acid, and either
benzaldehyde (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-
scquently 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.

(1) Thiocyanate, which is present in body
fluids, has been widely used in both Germany
and the United States as an effective agent for
hypertension at serum levels upwards of 4
mg%. As far back as 1857, Bernard reported
that thiocyanate had a depressant effect on
animal hearts. One can therefore infer that
certain aspects of hypertension (at 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-
ficicncy 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
heechwood 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, antitheumatic, and anti-inflammatory
effects.

(4) Hydrocyanic acid is useful in the pro-
duction of cyanocobalamin (vitamin B,.)
from the provitamin B, . or hydroxocobalamin
{Bys,). In the presence of light the former is
converted to the latter, which can then react
with cyanide to regencrate vitamin B.. The
great aflinity of vitamin B, ., for cyanide is due
to the presence of cobalt in the molecule.
Baxter et al. (1953) have shown that ampules
of By, assumed to hold 100 mg of eyanocobal-
amin contained varying percentages of hy-
droxocobalamin (B, ., ). Undoubtedly some of
the vitamin B,. existing in the liver oceurs in
this form, the total amount being less than 100
mg { Drouette et al. 1953).

A closer look at this definition (which is
maore 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
BOOO 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
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has resulted in the omission of some important
dictary factors that now express themselves in
the form of new discases?

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 discase 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, bircfringence,
and distortion of the cell membrane (Castle
1974). He thercfore referred to sickle cell
anacmia 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: C1°, 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 vive (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 11 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 dictary 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 cyanate derived from these foods
will be acting as a prophylactic.

Apart from cyanate (from cyanide in the
tropical dict), another factor that might have
contributed to the beginning nature of sickle
cell anacmia 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 some
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 glvcosides have many anti-
sickling factors that are released on ingestion
and like the Fagara root, these metabolites will
have complementary, if not synergistic bene-
fits.

Cancer

Cancer is a chronic disease, and like all
chronic diseases, it should find therapeutic or
prophylactic resolution by accessory food fac-
tors or vitamins that are common to the nor-
mal diet.

There are different forms of cancer but 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
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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, ¢.g. in Accra with
a total of 1192 cases of cancer only 1.8% were
bowel, Mairobi 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
toxicities. 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 benzaldehyde occurs much more slowly
in the neoplastic cells. Moreover, the neo-
plastic cells are devoid of rhodanese but are
surrounded instead by another enzyme g-glu-
cosidase, secreted by the cells that release the
bound cvanide at the site of malignancy and
50 destroy the cancer cells, With the selective
lag of both undetoxified cyanide as well as
unoxidized benzaldehyde in the neoplastic cells
and the multiplication of cytotoxicity that the
combination affords, the neoplastic cells suffer
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 scries 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 are 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 S-glucu-
ronidases or 8-glucosidases but lack rhodanese.
A pood example is schistosomiasis caused by
infection of Schistosomiasis haematobium and
5. mansoni. Patients with this disease excrete
as much as 3.08 units/ml of S-glucuronidase
compared to 0.95 wunit 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 §.
japoniciem and most other blood flukes living
in the blood stream where they can absorb the
glycoside. Similarly, the application of amyg-
dalin causes the egg production of 5. mansoni
to drop from 100-200 per day to zero. Krebs
and McNaughton (1963) studied some species
of snails such as Helix pomates and found
they possessed B-glucuronidase or A-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,'” M. Camus,” M. Gerard,’'
M. Mafuta,' A. Hanson,' and A. M. Ermans'*

Previous investigations on the poitre endemia of Idjwi Island (Eastern Zfaire) had
suggested that cassava could play a role in the ctiology of endemic goitre. The suggested
mechanism was a loss of jodide in the urine due to the antithyroid action of thiocyanate
resulling 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 gg/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 scrum
thiocyanate concentration which has an antithyroid action and causes a loss of jodide in
the urine. In view of the iodine deficiency already prevailing in the diet, this mechanism
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could play a eritical 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 ug/
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 Zaire of CEMUBAC
(Centre d'Etudes Médicales de 'Université de
Bruxelles dans les Actions de Coopération,
Belgium) — IRS (Institut pour la Recherche
Scientifique, Zaire) (1), Departments of Pedi-
atrics (2) and of Radioisotopes (3), University
of Brussels, Belgium.

{Kelly and Snedden 1960). The main cause of
endemic goitre is jodine 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 Zaire ( Delange
and Ermans 1971; Ermans et al. 1973; van der
Velden et al. 1973) suggest that cassava is one
of the goitrogens which may play a role in the
ctiology of endemic goitre. We have estab-
lished that: (1) 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 ijodide
trapping process of the thyroid (Vanderlaan
and Vanderlaan 1947) and, at higher concen-
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Fig. 1. Comparison of the patterns of thyroidal
uptake of radioiodine gnd wrinary excretion of
stable iodine in the control proup (rice meal) and
the cassava group.

tration with the intrathyroidal processing of
iodine [ Raben 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 may be expected
that cassava consumption by man will be fol-
lowed by: (1) 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 1

TROPICAL ROOT CROPS SYMPOSIUM

and 7% (Thilly et al. 1974), It is about 1500
km from the Kivu endemia (Delange 1974),
and has a totally different biotope, consisting
essentially of tropical forest. The population
lives almost entirely ofl locally grown food.
Cassava is a staple food.

We studied a sample of 677 randomly
selected inhabitants, of both sexes, between |
and 80 vears of age, and all clinically euthy-
roid. Results were compared with correspond-
ing results obtained in a similar study of 71
inhabitants of Idjwi Island in Kivu (Eastern
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,
Thyroidal 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. 1 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 1o 18.1 = 1.6
pg/day in the cassava group, compared with
9.3 + 1.1 ug/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 quantitics of cassava
over a period of 3 days. Corresponding assays
were performed in a 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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patients.

ence is slightly significant (p < 0L05).

A third investigation concerned the action
of chronic cassava consumption on the level
of urinary thiocyanate. This was accomplished
by the Zairean 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
Zaire (0.5 mg/ 100 ml) was still the same as in
Brussels, whereas in the 3rd month after the
return to Zaire 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).

thiocyanate concentration in 138 endemic goitre

In the Belgian controls, daily renal excretion
of iodide is 51,2 = 5.8 ug/day, that of thiocya-
nate 6.7 = 1.3 mg/day and the blood concen-
tration of thiocyanate 0.22 =+ 0.02 mg/ 100 ml.
In contrast, in the two African populations the
values for urinary excretion of iodide were
greatly reduced (12.6 and 11.3 pg/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/ 100 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 determined in 138 randomly selected
Ubangi inhabitants (Fig. 2). The line repre-
sents the theoretical relationship which we
should expect to find between the two param-
eters if the variations in one triggered identical
variations in the other. However, the observed
situation is such that the points follow a curve
of the power function type and not a straight
line. This suggests that, above a eritical blood
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threshold, further intakes of thiocyanate in-
crease the urinary concentration of the ion
without perceptibly modifying blood concen-
tration. Blood thiocyanate levels are extremely
variable and exceed 1.5 mg/ 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
a possible relationship between thyroid volume
and urinary excretion of thiocyanate. Urinary
concentration of thiocyanate was determined
in 416 inhabitants of three separate villages.
lodide concentration was determined in the
samples of two of the same villages. Urinary
iodine concentration was 2-3 ug/ 100 ml in all
the patients investigated and did not vary ap-
preciably in accordance with thyroid volume.
In contrast, urinary concentration of thiocya-

nate varied substantially between the three vil-
lages and within each village, increasing stead-
ily in proportion to thyroid volume and attain-
ing its highest levels in subjects presenting
large poitres.

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 3040, 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 is subjected to an ex-
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Fig. 4. Hypothetical scheme concerning the action
of cassava on the metabolism of jodine and of
thiocyanate in man in the Ubangi endemic goitre
area.

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 1o distinguish the respective
roles of thiocyvanate and iodine deficien-
¢y in the etiology of endemic goitre be-
cause the cffects 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-
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esis rested have been effectively confirmed. Cas-
sava consumption is followed by: (1) 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 are consistent. The result is that
the iodine deficiency is aggravated; (2) an in-
crease in the level of serum thiocyanate; (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 is in 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 triggering a
vicious process in which the goitrous gland
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
because 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 a
more reliable indicator of the degree of thio-
cyanate impregnation than serum concentra-
tion.

In the conditions encountered in Zaire 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 goilre development.
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Utilization of Cassava as a Carbohydrate Source for Pigs
V. F. Hew and R. I. 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 lo 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 Landrace pigs were assigned to diets containing 0, 15, 30, 45, and 60% cas-
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 o
the supplementation in the cassava diets of methionine or other synthetic amino acids.

'Animal Improvement Division, Malaysian Agricultural Research and Development Tnstitute, Ser-
dang, Selangor, Malaysia, and Faculty of Agriculture, University of Malava, Kuala Lumpur 22-11,

Malaysia, respectively.
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Table 1. Composition of diets for pigs (15-50 kg body weight).
Cassava level (7))
0 15 30 45 60
Corn, yellow T71.00 54.50 %15 20,50 250
Cassava root meals — 15.00 3000 45.00 £, (M)
Soybean meal 18.00 18.00 18.00 18.00 18.00
Fishmeal 9.15 10.65 13.00 14.65 17.65
lodized salt 0.50 0.50 0.50 0.50 0.50
Tricalcium phosphate 1.00 100 1.00 1.00 1.0
Vitamin premix® 0.05 0.05 003 0,05 0.05
Mineral mix® 0.25 0.25 0.25 0.25 0.25
Antibiotics? 0.05 0.05 0.05 0.05 0.05
Calculated analysis

Protein (77) 18.09 17.91 18.09 17.98 18.04
Dig. energy (kecal kg 475 3306 3534 1566 1589
Caleium (%7 ) 0.590 0,98 1.10 1.19 1.36
Phosphorus (7;) 0.75 0.84 0.74 0.73 0.76
Vitamin A® (1U /kg) 2500 25000 2500 25000 2500
Vitamin D¢ (1U/kg) 500 500 500 500 500
Vitamin By (mcg/kg) 16,05 17.37 19.44 20,89 2153

*Contains 70 ppm HCN,
EPfizer awine medicated premix.
“Biostock (ST3) 1.C.L.

A Pro-strep ‘60" M.5.D.

tAmount, provided by the addition of vitamins only.
tAmount, provided by vitamin premix plus fishmeal, which contains 88 meg vitamin B, /kg fishmeal,

Cassava has been used as a feedstuff for live-
stock and provides a major source of encrgy
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 content,
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
dictary 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 dicts 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 1.

Feed and water were given to the pigs ad
libitim. 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 aitchbone, 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 meat
tissues were then ground and dried in a vacuum
oven at 35 *C for 24 h for proximate analysis.



244

Results

There were no significant differences in
average daily gain, feed intake, and feed effi-
ciency in pigs fed dilferent 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 [umbar position
showed no significant difference among treat-
ments, whereas the loin arca 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
higger loin eve 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-
leeted. 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 matter crude fat content among the treat-
ments. Although there was a decreasing trend
in the iodine number values of backfat as cas-
sava increased, the difference 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
conversion was observed in pigs fed cassava
levels as high as 60%. Similar observations
have been recorded by others. It has been ob-
served that cassava has a 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 Gomez 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-
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ment given ad [ibitwm., Aumaitre (1969),
Zausch et al, (1968), and Woodman et al.
(1931) showed [urther that cassava improved
the digestibility of organic matter.

On the other hand, Henry (1971) proved
that substituting maize starch by cassava meal
(579 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 consumplion
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/



HEW AND HUTAGALUNG: CASSAVA DIETS FOR PIGS

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 guality of
the feed and thus supported better growth,
Also fishmeal is a rich source of vitamin B, .,
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 facces 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 facces in pigs on
high cassava dicts 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
HCM.

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
1o 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 the
fourth rib showed a significant difference. Pigs
fed 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 control 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 be used as a main source
of carbohydrate as long as the amino acid and
mineral requirements are compounded with
care.
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junior research assistants, MNantha Kumaran,
Balasubramanium and 5. Poovan for their un-
failing assistance in carrving out the trial. We are
also indebted to the late Kassim JTsmail who was
a helpful consultant.
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Use of Cassava as a Food Supplement for Broiler Chicks
Sarote Khajarern and 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
experiment, no significant differences in body weight gain and feed conversion were noted
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 1-5 weeks of age when the rations contained 0, 10, 20, 30, 40 and 50%
cassava rool meal. It was also noted that body weight gain was not depressed until the
rations contained more than 309 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 conlents; prices of cassava compared to those of fish

meal and soybean meal

Cassava is Thailand’s third major export
crop next to rice and corn. More than 90% of
the nation's cassava root products, approxi-
mately 2.4 million tons, is exported annually.
The balance is eaten locally, mainly as flour.
The Thai Tapioca Trade Association reported
that Thailand exported a total of 1.1 million
tons of tapioca pellets during the first 6 months
of 1975, valued at 1976 million baht {approxi-
mately US$ 100 million), while 55 000 t of
tapioca flour (137 million baht, US$ 7 mil-
lion) was exported during the same period.

Animal Science Department, Faculty of Agri-
culture, Khon Kaen University, Khon Kaen,
Thailand.

Meanwhile, there has been a surplus of nearly
100 000 t of tapioca flour since early 1975 that
resulted from a cut in imports by Japan of
more than 200000 t in 1973-74 to merely
90 000 t during 1975, Therefore, the economy
of cassava growers in Thailand is almost totally
dependent on exports,

Cassava root products are sold on the free
market in Thailand and prices are totally regu-
lated by supply and demand. Cassava growers
sell their fresh root directly to the chip-drying
agencies in the field, at the price set by the
latter. Cassava chips and pellets are then pre-
pared, and are exported mainly te EEC coun-
tries. Since cassava imporling countries are
limited, more of cassava and its products need
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Table 1. Composition of experimental diets® (experiment 1),
7 of cassava pelleted in the diets

Ingredients L] 1.5 15.0 225 30.0

Corn, yellow 30.00 22.50 15.00 7.50 —
Rice bran 25.50 25.00 24.00 23.00 22.00
Fish meal 5.00 9.00 10.50 11.50 13.00
Peanut meal 8,00 £.00 &00 £.00 8.00
Soybean meal 20,000 20,00 20,00 2000 20,00
Salt (NaCl) 0.25 0,25 0.25 0.25 0.25
Bone meal 200 1.50 1.00 1.00 .50
Methionine (1077 2.50 2.50 .50 2.50 2.50
Dried yeast 1.0 1.00 1.00 1.00 1.00
MgCO; (18¢;) 0.75 0.75 0.75 0.75 0.75
Leucaena glauca leaves 2.00 2,00 2.00 200 .00
Cassava pellet — 1.50 15.00 22,50 30.00

Protein analysis (75) 24.3 5.7 25.1 256 25.5
ME (Meal/kg) 324 124 124 123 14
Ca (%) 1.13 1.08 1.06 1.12 110
P (%) 0.76 0.75 0.70 0.70 067

S ANl experimental diets were supplemented with vitamins and mincrals 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 (729 ) but the level of pro-
tein and fat are lower than corn (Olson et al.
196%9a). 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
dicts 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
libirm 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 1 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 | to 8
weeks of age. The composition of the experi-
mental diets is shown in Table 1. 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. (196%a), Muller et



248

TROPICAL ROOT CROPS SYMPOSIUM

Table 2, Average weight gain and leed conversion {experiment 1).

Average weight pain

Feed conversion

Ciigivi (g) (g feed/g gain)
pellet 1-4 w 4-8 wk 1-4 wk 4-8 wk
1] 423 1019 2.04 241
1.5 468 1062 1.98 245
[3.0 4640 1015 200 2,57
22,5 476 1035 .67 2.51
0.0 465 1009 1.87 255

Table 1. Composition and calculated analysis of diets (experiment 2).

Treatments

Constituents 1 2 k] 4 5 f
Ground corn 56.7 42.8 29.5 17.6 6.6 _
Soybean meal (me) 37.0 EL X 41.5 410 41.0 335
Fish meal 0 o0 30 4.5 6.0 1.0
Cassava root meal —_ 1.0 20.0 300 40.0 50.0
Mineral supplement 21 22 240 1.9 14 0.5
Microingredients 1.0 1.0 1.0 1.0 1.0 L0
Fat (feed grade) — L5 3.0 4.0 4.0 4.0
Calemlated Analysis
Crude protein (7)) 2.13 2215 2zZn 22.06 2238 22.16
Crude far (“2) 5.16 6.28 7.26 1.75 7.19 5.91
Crude fiber (“() 334 165 1592 4.13 4.39 3.31
Nitrogen free extract () 51.77 50.03 48.72 42.69 45.20 49.5%
Ash ("7 6.5 6,91 7.01 1.50 7.53 6.530
ME (Meal /kg) 284 283 2.81 2.80 277 2.80
Ca () 1.08 1.07 0.98 1.06 1.00 1.04
P %) 0.79 0.78 0.73 0.74 0.71 0.69

al. (1971) and Hutagalung et al. (1973) who
showed no significant differences on weight
gain and feed conversion with graded levels of
cassava root meal in the diets,

Experiment 2

Seven-day-old Arbor Acres mixed sex
broiler chicks were used to study the replace-
ment of cassava root meal for corn in broiler
rations. After a preparation period, the chicks
were randomly divided into six treatments,
each treatment subdivided into four replica-
tions, ecach having 25 chicks. The composi-
tion of the experimental diets is shown in Table
3,

The summary of the average weight gain
and feed conversion is given in Table 4. As was
anticipated from the data, there were statisti-
cally significant differences for weight gain and

feed conversion during 1-5 weeks of age. In-
ereasing levels of cassava root meal in the diet
showed a tendency towards poorer weight gain
and feed conversion; however, body weight
gain was not significantly depressed until the
ration contained above 309 cassava root meal.
The ability of chicks to utilize cassava root
meal increased with age, The results from this
experiment indicated that, during 5-9 weeks
of age and 1-9 weeks of age, there were no
significant differences observed on weight gain
and feed conversion when the concentration of
cassava rool meal increased in the diets, There
was, however, a reduction trend in weight gain
of chicks fed a diet containing 40 and 50%
cassava root meal during 5-9 weeks of age and
1-9 weeks of age, respectively. The decline in
gain and poor feed conversion of chicks from
feeding high levels of cassava root meal may
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Table 4. Average weight gain and feed conversion (experiment 2),

Average weight gain

Feed conversion

Cassava ' 3

ot (g (g feed /g gain)
o 1-5 wk 5-9 wk 1-5 wk 59wk

1] Thha 1002 2.06a 116

10 Tdba 1044 2.10a 3.05
X Thla 1032 21 kN (1]
30 732a 972 2.15ab 319
40 695b 1006 2.23b 313
50 Ti4ab 913 2.18ab 1.33

Mumbers followed by different lewters are significantly different (p < 0.03) Trom

other numbsers 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. 196%9b; Muller et al 1971).

Although much work had been done in
feeding cassava rool meal to chickens, there
was little information available on the influ-
ences of cassava diels 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 1) 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. {196%9a), 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 Enriguez 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
Microfungi and the Role of Natural Nitrogenous Supplements

G. Varghese, J. J, Thambirajah, and F. M. Wong'

Attempis to produce protein-enriched cassava for animal feed by solid state fermen-
tation with selected local strains of Riizopus, Aspergillus, and Nenrospora showed that
protein levels of the fermented products did not exceed 3%. Because this value is low for
animal feed, the ability of natural nitrogenous supplements 10 increase microbial activity
was tested, Supplementation with 35% chicken dung increased protein levels 1o 8-10.5%
and with sovbean, groundnut, and pineapple bran at 25%, the protein levels were 40,
10, and 7%, respectively. In combination with chicken dung (12.5 4 12.5% ) the pro-
tein values varied between & and 18% for sovbean, 8 and 10% for groundnut, and 5 and
7% for pineapple bran. The results indicated that supplementation increased fermentation

efficiency and contributed 1o higher protein values,
A procedure for solid s1ate fermentation of cassava with natural nitrogenous supple-
ments has been developed as 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
animal feed by an expanding livestock indus-
try, Malaysia is currently spending more on
feed imports. Therefore, there is a need to pro-
duce more animal feed locally. It is in this con-
text that cassava may have scope for large scale
expansion. The ease by which the crop can be
grown from cuttings on a wide range of soil
types makes it a crop suitable for immediate
expansion. In line with this a number of

1Faculty of Agriculture, University of Malaya,
Kuala Lumpur 22-11, Malaysia.

“estate type” cassava plantings along with pro-
cessing plants have been recently established
in various parts of the country through govern-
ment-aided schemes.

Nutritionally, cassava tubers provide mainly
carbohydrates and some useful amounts of cal-
cium and vitamin C to the diet {(Wood 1965),
The protein levels are however low and vary
according to moisture conlent and varieties
grown. The average is usually in the region of
1.3% (Oke 1968, Sundhagul 1972). However,
in Asia and Africa cassava has been tradi-
tionally enriched by microbial fermentation.
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In Migeria, the fermented cassava “gari,” which
is a staple food, is produced by a two-stage
fermentation with Corynebacterium sp. and
Geotrichum candidum (Collard and Levi
1959). In South East Asia cassava is usually
mixed with peanut cake and fermented with
Rhizopus and Newrospora 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 19713), 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 vari-
ous parts of Malaysia. Microorganisms growing
naturally on these substrates were isolated by
the following techniques.

{1} Tapioca chips were washed continuously
in running water and particles were removed
at 1-h intervals for 3 h and the washed particles
were plated on malt agar plates incorporated
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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 1:10 and
subsequently serially into 10* and 104 dilu-
tions. These dilutions were plated on potato
dextrose agar and nutrient agar plates and
organisms isolated were grown in pure cultures
as in the previous case.

{3) Small pieces (2 mm?) were removed
from the tubers and chips, sterilized in 0.2%
mercuric chloride solution, washed in sterile
distilled water, and transferred dircctly 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/cm® pressure in 500-ml jam
jars. Subsequently they were inoculated with 1
ml spore suspensions of the respective test or-
ganisms, adjusted to a final count of 4 x 107
spores/ml, 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 protein, crude
fibre, crude fat, and ash were carried out ac-
cording to AOAC procedure (1965).

Procedure for Solid State Fermentation of
Cassava

The procedure developed for solid fermenta-
tion of cassava for feeding trials consisted of
the following steps: (1) cassava chips (com-
mercial) were steamed for 5 h in steaming
boxes (2.5 kg/box) and left overnight for cool-
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Table 1. Proximate analysis of cassava fermented with microfungi compared with
nonfermented cassava and chicken dung.

Proximate analysis (")

Fermenta- —
tion time Crude Crude Crude
Microorganism Substrate {h) Moisture protein fat fihre Ash
Rhizopus | Tapioca 48 8.47 1.06 0.84 239 1.64
Rhizopus 11 Tapioca 48 9.64 i 1.75 322 1.76
Neuraspora 1 Tapioca 48 9,61 268 078 200 L78
Aspergilfus 1 Tapioca 72 9.61 2.88 (.58 1.7 1.81
Aspergillus 11 Tapioca 72 12.69 294 0,93 1.76 1.96
Aspergillus 1l Tapioca 72 10.34 288 054 164 200
nil 10077 tapioca nil 11.85 254 077 1.24 1.73
nil 100%; chicken dung nil 12.28 11.68 247 7.18 4220
Table 2. Proximate analysis of fermented cassava supplemented with chicken dung.
Substrates (77) Proximate analysis ("¢ )
——————  Fermenua- —_——
Tapioca Chicken tion time Crude Crude Crude
Microorganism chips dung {h) Moisture  protein  fat fibre Ash
Rhizopus | 65 35 a8 5.51 §.31 094 4.15 10.59
Rhizopus Il 65 35 48 5.85 7.58 213 6,80 11.29
Neurospara | 65 35 48 536 875 391 5.50 9.24
Aspergilius | 63 a5 72 3.76 10.49 1.62 515 8.81
Aspergilius 11 65 35 12 5.68 875 1.89 5.82 87
Aspergilius 111 65 a5 72 5.86 83 232 5.44 5.68

ing: (2) steamed cassava was transferred into
fermentation trays 60 = 60 cm and inoculated
with a 100 ml spore suspension per tray of
Rhizopus or Aspergillus (spore count adjusted
to 4 x 107 spores/ml); (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 A3S, the
letter denoting the fermentative agent (organ-
ism) and the number denoting the percentage
supplementation with chicken dung,

Resulis

From the microorganisms isolated from cas-
sava fubers and products those belonging to
Aspergillus, Neurospora, and Rhizopus were
subsequently used for solid state fermentation
trials.

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 com-
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 pincapple 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 (97) Fermen- Proximate analysis (77)
tation
Tapioca Chicken time  Moisture Crude Crude Crude
Microorganisms chips dung  Balance (h) protein  fat fibre  Ash
Pineapple bran
Rhizapus | 75 — 25 48 6.21 4.09 0.20 6.35 4.32
15 125 12.5 48 6.66 6.71 1.29 647 793
Rhizopus 11 75 - 25 48 6.66 4.30 1L.B5 6.06 414
75 125 12.5 48 5.94 1.57 242 687 751
Neuraspora | 75 — 25 48 5.18 4,12 146 670 435
75 12.5 12.5 48 6.06 1.17 275 692 696
Aspergillus 1 75 — 25 72 5.62 1,83 .35 560 422
75 12.5 12.5 72 571 662 069 553 800
Aspergillus 11 75 — 25 72 15.28 555 042 676 6.2
75 12.5 125 72 14.38 618 0.E4 613 6.66
Aspergillus 111 75 — 25 72 19.00 477 037 7.3 650
75 12.5 12.5 72 11.47 5.35 .17 661 1023
Groundnut
Rhizopus 1 75 — 25 48 3.49 1042 B9 403 1320
75 12.5 12.5 48 3.48 1067 1010 543 10.78
Rhizopus 11 75 — 25 48 in 10,34 1023 395 911
75 12.5 12.5 a8 3.14 .01 863 420 1043
Neurospora | 75 - 25 48 2.83 872 9.32 505 1182
75 12.5 125 48 2719 9.13 890 517 1192
Aspergillus 1 75 — 25 72 277 9.57 913 546 10.58
75 125 125 72 .59 1053 1203 4.86  10.65
Aspergillus 11 75 g 25 712 256 1033 964 305 53
15 125 12.5 72 399 9.13 751 465 1239
Aspergillus 111 75 — 25 72 3.21 B6S 653 389 882
75 12.5 12.5 72 323 8.43 561 540 1004
Soybean
zopus | 15 — 25 48 2.08 18.45 699 571 802
75 125 125 48 2.28 18.03 6,62 6.06 .19
zapus 11 5 — 25 48 1.40 14.07 B72 B.O07 1500
15 12.5 12.5 48 1.37 17.39 995 810 823
Neurospora | 15 — 25 48 5.07 14.45 .52 490 7.66
75 12.5 125 48 23 3.99 153 601 1255
Aspergillus | 75 — 25 72 1.94 1075 406 598 1088
75 125 12.5 72 1.79 11.79 406 579 1214
Aspergilius 11 75 = 25 72 1.74 1485 1531 650 593
15 12.5 12.5 72 1.34 1330 597 557 1338
Aspergiffus 111 75 — 25 T2 1.54 14.31 489 6.88 6,93
75 12.5 125 72 1.62 15.38 591 631 6.43
Discussion uct is free of mycotoxins. We have adopted

Rhizopus species are traditionally used in the
production of “tempeh” and “ontjom,” two
fermented food products in Southeast Asia.
Therefore, from toxicity and acceptance points
of view Rhizopus-fermented cassava offers no
serious problems. In the case of Aspergillus
fermentation, the purity of the species must be
maintained and routine tests for aflatoxin may
be necessary to ensure that the fermented prod-

this procedure with regard to our Aspergillus-
fermented materials (A35).

Direct fermentation of tapioca with Asper-
gillus, Neurospora, and Rhizopus increased
protein values to about 3%:. This is in con-
formity with the values recorded by other work-
ers (Sprung 1974, Yeang 1973). Because the
value is low for animal feed, it is necessary to
raise the protein levels of fermented cassava.
However the guestion 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 efficiency in converting starch into
microbial protein; and {2) strain improvement
within specics and isolales by single spore
isolations and possibly by hybridization and in-
duced mutations.

Al 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 sovbean. Chicken
dung is an easily available nitrogen source.
However, we have observed that supplementa-
tion with chicken dung above 25% results ina
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. However, it
seems clear that chicken dung supplementa-
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 the nitrogenous supple-
ments we have tested, pincapple bran at 25%
could give an increase in protein levels o 4-
5% and when the bran was combined with
chicken dung (125 + 12.5%) the protein
level increased to about 7% (Table 3).
Groundnut has the advantage that it is readily
available in the region and is highly palatable.
Supplementation with groundnut at 25%
alone, and in combination with chicken dung
increased protein levels from 8 to 1156 (Table
3). Supplementation with soybean in similar
amounts gave the highest protein levels. For
instance, 25% supplementation with soybean
raised protein level of fermented cassava to
40% and in combination with chicken dung
(12.5 4+ 12.5% ) the levels were raised to 11—
18% depending on the organism used (Table
3). Soybean supplementation promoted growth
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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 guan-
tities in the animal diet,

Other workers (Gregory et al. 1974) have
cxplored 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 oplimistic that enrichment of cas-
sava by microbial fermentation is feasible. The
use of microfungi for fermentation of cassava
is not new 1o Africa and Asia; therefore, any
new techniques 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
human 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 rescarch project on
Microbiological Enrichment | Malaysia) that is
carried out at the University of Malaya; the mem-
bers of the research team are: R. Hutagalung; G.
Varghese; B. H. Webb: and Tan Bock Thiam.
Financial support from the International De-
velopment Research Centre (IDRC) is acknowl-
edged.
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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 oul 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 livestock production is the
availability of cheap and good quality feed-
stuffs, As population increases faster than food
production, expansion of existing methods of
producing plant and animal protein will not
meet the growing needs.

In Malaysia, one of the major problems con-
fronted by the animal industry is the shortage
of local feeds. The existing practice of heavy
dependence on imported feedstuifs will con-
tinue to pose a constraint to the development of
the livestock industry.

One local source that could partially remedy
this shortage is cassava (Manihot esculenta
Crantz) locally known as tapioca or “ubi
kayu.” Cassava has been widely used only as an
energy source for poultry and swine feeds be-
cause of its low protein content,

Although the carbohydrate production of
cassava exceeds other crops, our findings indi-
cate that its extensive use in poultry and swine
feeds poses some metabolic problems, includ-

1Faculty 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 cgg volk 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-
gestibility, reduction in volume and the crude
fibre level by pelleting and acting as an absorhb-
ent in dehydrating palm 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-
sults. However, they are not sufficiently 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 1. Composition of basal diets®

Maize Cassava

Ingredients (' ) basal basal
Maize, yellow 60,00 15.00
Cassava rool meal -— 40.00
Soybean meal 24.10 1160
Muolasses 9.70 6,94
Trical. phosphate 1M 2.20
Salt 0.25 0.25
oL-methionine 010 010
L-lysine 0.10 0.10
Vitamin premix 0,05 0.05
Mineral mixture 0.07 0.07
Kaolin 143 1649

Slodine was added at levels of 0, 0.2, 50, and 100 ppm.

human consumption is not a recenl innovation,
For many decades, various forms of fermented
cassava such as peuyeum (tapch) 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-
El-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 Aspergillus flavus but it also
favours the synthesis of aflatoxin.

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 Rhizopus. The resultant
product showed a 6-7 fold increase in protein
content over that of the original cassava sub-
strate. Because cassava flour is difficult 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 monprotein compounds
such as ammonium salts of urea and ammo-
nium nitrate in this moist-solid fermentation to
convert the nonprotein nitrogen to protein
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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 Rescarch
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 Aspergilfux fumigatus, Sparotrichum
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 usc 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 dicts 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-
formance, radioiodine uptake, haemoglobin
content, and carcass characteristics were evalu-
ated. The animals were injected intramuscu-
larly with radioiodine '™!1 in the form of
carrier-free Nal. The composition of the diets
is presented in Table 1. 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, Ritizopus sp.,
fermented cassava, and maize.
Poultry Riizopus  Fermented
Cassava manure sp. cassava Maize
Proximate analysis
Moisture (77} 11.00 9.60 9.50 9.70 11.00
Ash (77) 1.60 24.40 — 16.71 1.90
Crude fibre (") 270 12.90 - .19 2.00
Ether extract (7}) 1.20 1.50 - 1.99 340
N-free extract (7] ) 81.20 24,00 — 51.93 72.70
Protein (N x 6.25)("7) 230 27.60 21.50 15.00 B.90
Gross energy (keal /g) 4.0 5.82 — 4.08 4.80
Caleium () 0.35 180 — 271 0.02
Phosphorus (7} ) 0.40 2.15 = 0,86 0.31
True protein ("7 - B.23 — 10,00 —_
Uric acid (") - 7.96 : — -
Equivalent crude protein from
nonprotein source (7 ;) - 19.37 — 4.20 —
Amino acids®
Arginine 12.6 1.9 4.1 5.2 LR
Histidine 26 0.6 1.3 1.3 20
Isoleucine 2.2 1.4 s 1.3 5.0
Leucine 39 2.7 5.2 0 1.1
Lysine 4.3 1.8 58 15 20
Methionine 1.3 0.5 0.8 1.1 L0
Phenylalanine 2.2 1.3 4.6 1.2 5.0
Threonine 15 1.4 4.0 1.9 4.0
Tryptophan — 1.9 — — 1.0
Valine 10 25 4.9 23 4.0
Alanine 6.5 4.0 1.6 is5 1.2
Aspartic acid 57 4.4 4.5 4.8 6,3
Cystine 0.4 1.0 — 0.7 1.0
Glutamic acid 1.3 6.4 10.4 39 17.0
Glycine 15 5.2 3.7 16 36
Proline 1.3 1.4 27 L0 8.0
Serine EA 1.9 19 22 4.7
Tyrosine 1.3 0.6 28 0.8 L% |

BAlso referred to as nonextractable nitrogen (NEN),

bExpressed as g/16 ¢ N of air dry sample.

Fermented cassava was produced by the
moist-solids fermentation technique using de-
hydrated cassava chips or grains and dried
poultry manure as substrates, with Riizopus
isolates as inoculum,

For improvement in the moist-solid fermen-
tation process, modifications were made in the
procedure of Stanton and Wallbridge (1969),
and Stanton (1972). Fresh or dried cassava
chips or grains and dehydrated poultry manure
were employed instead of cassava flour and
synthetic nitrogen sources, The idea of using
poultry excreta as a nitrogen source for the
moist-solids fermentation stemmed partly from
direct feeding of cassava-poultry excreta diet

to broiler chickens, which compared favour-
ably to maize-soybean diet (Mg and Huta-
galung 1974). The substrate consisted of
cassava chips (65-75% ) and dried poultry
manure (25-35% ). It was found that the opti-
mal ratio of cassava to poultry manure for fer-
mentation is 3:1. Higher or lower ratios could
lower the rate of starch conversion to protein.
Spore inoculum of Rhizopus sp. was produced
by culturing the organism on whole rice
moistened with water, The mixture was shaken
and the residues were removed by filtration
through glass wool. The suspension contained
approximately 60 million spores/ml.

The cassava-poultry manure substrate was
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Tanre 3, Composition of experimental diets of broilers for starter-grower and grower-finisher stages.»

Treatment (04 weeks)

Treatment (5-8 weeks)

Ingredients -0 1-25 1-50 1-75 1-100 -0 1-25 1=50 1-T§ |-100
Fermented cassava (') — 1125 2250 3325 4300 — 1375 2750 41.25 3500
Maize, yellow ("¢} 4500 3375 2250 1L10 — 5500 41,30 2650 1375 0 —
Soybean meal (" ;) 2500 2435 23,70 2310 2300 21.20 2040 1965 1890 1R.05
Fish meal (77) 1570 1570 1570 1570 1570 1275 1275 1X75 1275 175
Alfallfa meal (7)) g0 300 300 300 3.00 - - - — -
Glucose (7)) 250 250 250 250 250 — — — — -
Palm oil (%) 600 665 7.30 B805 10.00 680 605 795 980 1175
Kaolin () 035 035 035 035 035 1.0 330 220 LI0 —
Crude protein (" ) 2400 2400 2400 24.00 2400 21.00 2100 21.00 21.00 21.00
Energy (keal/g) i A 320 AW N 307 307 307 307 07

3all diets contmined: 0.257; salt; 1,507 dical. phosphate; 0307 mincral premix; 0052 vitamin premix;

0.307; pe-methionine; and 0.057 choline chloride,

mixed with water to give 50% moisture con-
tent (except when fresh cassava chips were
used) and sterilized by either live steam (30
min at 120 *C) or by dry heat (4 h at 100 *C).
After cooling, the substrate was sprayed with
a mould spore suspension containing approxi-
mately 10" spores/ g moist substrate. To ensure
uniform distribution of the spore suspension
the substrate was mixed and placed in a square
tray, Trays containing the substrate were in-
cubated in a well-ventilated fermentation
cabinet at a temperature of 27-30 *C for 48 h.
The fermented cassava was transferred to the
drying oven at low temperature (40-60 °C).
The dried product was pulverized by grinding.

Proximate analyses of the cassava, poultry
manure, and the fermented cassava were car-
ried out. Samples were hydrolyzed with 6 N
HCl at 110 *C for 18-24 h. Hydrolysates were
analyzed for amino acid content by ion-ex-
change chromatography (Beckman Amino
Analyzer),

Samples were also extracted with ethanol-
water (2:1 v/v) to separate the nonprotein
nitrogen and protein-nitrogen fractions. The
extraction with ecthanol-water recommended
by Treveylan ([974) in preference to trichlo-
roacetic acid to remove urea and ammonium
salts was performed. The residue after extrac-
tion with ethanol-water was then determined
by micro-Kjeldahl. This nitrogen component is
referred to as “true protein” or nonextractable
nitrogen (NEN ). The chemical composition of
the cassava, poultry manure, Rhizopus sp.,
fermented cassava, and maize is presented in
Table 2.

To study the effect of replacing maize with

increments of the fermented cassava in the
broiler diet, day-old broiler chicks of Hubbard
strain were divided randomly into five dietary
treatments of 20 chicks cach on the basis of
body weight, equalizing both mean weight and
weight distribution among the groups. Each
diet was fed to quadruplicate pens of chicks for
4 weeks. The composition of the diets is given
in Table 3. The diets were formulated to con-
tain similar protein (24% ) and cnergy (ME,
3.2 keal/g) levels. The fermented cassava re-
placed 0, 25, 50, 75, and 100% of the maize
component of the control diet. For the formula-
tion of dicts the protein content of the fer-
mented cassava is treated as 10%, although its
analyzed crude protein (N = 6.25) level
reached 18%. This is based on the results of
chemical analyses in which the nonprotein
nitrogen fraction is shown to be higher com-
pared with the conventional feed ingredients,

After 4 wecks, the birds were shifted to the
grower diets (21% protein; ME, 3.07 keal/g)
of similar treatments and were retained on
these diets for 4 weeks (Table 3). The chicks
were divided randomly into five dietary groups
of 15 birds each so that the sex and average
body weights were approximately the same.
Observations were also made on the general
health of the birds including the mortality rate
and any ill effects. Water and feed were sup-
plied ael libitwm. The birds were weighed, and
feed consumption was recorded at weekly in-
tervals,

Results and Discussion

Feeding cassava dicts without iodine sup-
plementation produced no iodine deficiency in
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Table 4. Effect of iodine supplementation on performance, carcass characteristics,
iodine uptake, and haemoglobin content of pigs fed cassava diets,
Maiisoybean Added iodine (ppm)®

control 0 0.2 50 100
Length of trials (days) 63 63 63 63 63
Number of pigs 4 4 4 4 4
Avg daily gain (kg) 0.7a 0.6a 0.7a 0.7a 0.8a
Avg daily feed (kg) 2.3b 2.1b 21b 2.4b 2.1b
Feed /gain 1s5b 15 lLle 3.3 27
Dressing (°7) 66.3d 61.9d 65.0d 66.9d 65.2d
Carcass length {em) T1.0e Tl4e 68.1e T4.6e 70.2e
Backfat thickness (cm) 1M 1.9f 2.1f 21r L.9r
Longissimus muscle (cm?) 26.7g 23.2g 21.5¢ 227 25.4¢
Liver weight (kg) 1.4h 1.5h 1.4h I.4h 1.8h
4] uptake (7; of dose) 10.2i 10.6i 7.8) 0.5k 021
Haemoglobin (g/ 100 ml) 13.1m 13.5m 12.6m 12.0m 10.5m

aMeans on the same line followed by different tetters differ significantly (p = 0.03).

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 up to 100
ppm of added iodine in the diet. However,
growth and feed intake were depressed when
animals received diets containing cither 500 or
1000 ppm iodine. Forbes et al. (1932) ob-
served no apparent effect on pigs fed 1.1 mg
of iodine per kg of body weight per day. Pigs
showed an ability to tolerate up to 400 ppm of
added ijodine 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 et al. (1975) also
observed that gain and efficiency of feed con-
version were not significantly affected by iodine
level. There were no significant differences in
the carcass characteristics including dressing
percentage, backfat thickness, carcass length,
and loin eye area. This is in agreement with

the findings of Hutagalung et al. (1973) in
which the carcass composition of poultry was
not markedly affected by supplementing iodine
to the cassava diet. Table 4 shows that the up-
take of iodine (*3'1) by the thyroid gland de-
creased with a higher increment of iodine,
particularly at 50 and 100 ppm 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 (131)
compared with those fed diets with added
iodine.

Delange et al. {1973) found that the absorp-
tion of cassava in rats as well as in men induced
an inhibition of the penetration of iodide into
the thyroid as expressed by a decline in 1311
uptake and an increase in urinary excretion of
iodide.

On the other hand, Ekpechi et al. (1966)
found that rats fed 100% dry unfermented
cassava increased thyroid uptake of 1#'1, They
observed that cassava depleted the iodine stores
of the thyroid gland and also impaired the
transfer of 3-moniodotyrosine to  3,5-dio-
dotyrosine in the gland. However, in the pres-
ent experiment, the iodine uptake of the pigs
fed the cassava diet without added iodine did
not differ much from those fed the soybean-
maize control diet. This indicates that cassava,
when consumed as up to 409 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 evanide content of the cas-
sava dicts employed in the present experiment
was quite low, as no inhibitory effects were
observed, as expressed by the thyroid uptake.
This shows that the method of processing and
drying was satisfactory,

lodine uptake is cnergy dependent and is in-
hibited by cyanide. In their investigation,
Maner and Gomez (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 cffect 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 haecmoglobin 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 haemoglobin.
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 dicts
containing high concentrations of cassava is
between 0.2 and 0.4 ppm, beyond which the
performance is not greatly affected. Sihombing
et al. (1974) and Cromwell et al. (1975) sug-
gested the iodine reguirement of growing pigs
fed corn soybean diet is approximately 0.086—
0.13 ppm of the diet.

Table 2 shows the proximate and amino
acid composition of fermented cassava. For
comparison, the chemical composition of cas-
sava, poultry manure, Rhizopus sp. and maize
is also given in this table.

Dehydrated poultry manure contains less
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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, caleium, 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
* 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-
galung 1974). The amino acid composition of
the fermented cassava was particularly low in
methionine, but the other amino acids com-
pared favourably with those from medium
protein sources, Because of its low methionine
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
bhirds 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
mav 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 dict. At
the beginning of the trial, the birds scemed
reluctant to consume the fermented cassava
diet, probably due to its dustiness and flavour.
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Table 5. Effects of substituting maize with fermented cassava on performance of broiler chickens.

Fermented cassava replacement level (77 pab

1-0 1-25 1-30 1-75 1= 1043
Avg wt at 4 weeks (g) Ihla 5B fidla Sk 618a
Avp wit at B weeks (g) 1466d 1402de 1648c 1428de 1394¢
Avg daily gain (g) 2og g nf 2 25
Avg daily intake (g) 61j 650 74h 73h 73h
Feed/gain 24m 2.4m 2.6lm 27kl 2.9k
Digestibility (77) fido (i) 6illp 59p 55q
Morality (97)
Starter-grower 13 7 7 27 20
Grower-finisher 1} 10 10 10 10

s8]0, 1-25, 1-50, 1-75, and 1-100 refer to the level of maize substitution with fermented cassava in

the diet.

EMeans on the same 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-
cluded 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 from
fat or oil derivatives.

Efforts to improve the protein quality of the
fermented cassava with regard to increasing
the efficiency of nitrogen and carbohydrate
conversion to protein, as well as reducing fibre
and ash content were considered and are cur-
rently in progress, From the preliminary re-
sults obtained, this moist-solids fermentation
of the cassava-poultry manure mixture might
result in the production of a substance equal to
or even superior to maize. However, observa-
tions on skin and egg yolk pigmentations of the

chickens fed fermented cassava revealed a
poorer pigmentation compared to those on the
maize control. This suggests that supplementa-
tion of synthetic carotenoid compounds such
as carotene and xanthophvll 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.

The fermented cassava work was supported by
a grant from the International Development Re-
search Centre (1DRC), Canada. Appreciation is
extended to the research team of the University
of Malaya’s Microbiological Enrichment (Ma-
laysia) project. Members of this research team
are R. 1. Hutagalung, G. Varghese, B. H. Webb,
and Tan Bock Thiam.

Brook, E. 1., Stanton, W. R. and Wallbridge,
A, ), Fermentation methods for protein en-
richment of cassava. Biotechnol, Bioeng 11,
1969, 1271-1284.

Cromwell, G. L.. Sihombing. D. T. H., and Hays,
V. W. Effects of iodine level on performance
and thyroid traits of growing pigs. J. Animal
Sci. 41, 1975, 8131-818,

Delange, F., van der Velden, M., and Ermans, A.
M. Evidence of an antithvroid action of cassava
in pran and in animals, Tn Chronic cassava ox-
icity: Procecdings of an interdisciplinary work-
shop, London, England, 29-30 January. Inter-
national Development Research Centre, IDRC-
010e, 1973, 147151,

Ekpechi. O. L., Dimitriadou, A., and Fraser, R.
Goitrogenic activity of cassava (a staple Ni-
gerian food). Mature, 210, 1966, 1137-1138.



262

Ermans. A. M.. van der Velden, M., Kinthaert, J.,
and Delange, F. Mechanism of the poitrogenic
action of cassava, In Chronic cassava (oxicity:
Proceedings of an imterdisciplinary workshop,
London, England, 29-30 January. Interna-
tional Development Research Centre, IDRC-
010, 1973, 153-157.

Forbes, E. B., Karus, G. M., Bechdel, 5. 1., Wil-
liams, P. 5., Keith, T. B, Callenbach, E. W.,
and Murphy, R. R, The value of iodine for live-
stock fn central Pennsylvania, ], Agric. Res,
45, 1932, 111.

Gray, W. D., and Abou-Fl-Seoud, M. Q. Fungal
protein for fead and feeds. In Manioc as a po-
tential crude raw material for tropical areas.
Econ. Bot. 20, 1966, 251-255.

Hutagalung. R. I, Phuah, C. H,, and Hew, V. F.
The wrilization of cassava (fapiocal in livestock
feeding. In Proc. Third International Sympo-
sium on Tropical Root Crops, International In-
stitute of Tropical Agriculiure, Ibadan, Nigeria,
1973 (in press).

Khor, G. L., Alexander, J. C., Santos-Nunez, J.,
Reade, A. E., and Gregory. K. F. Nuririve
value of thermotolerant fungi grown on casy-
sava. Applied Microbiology, 1975, 1-22,

Maner, ). H. and Gomez. G. Implications af
cyanide toxicity in animal feeding stidies using
high caxsava rations. In Chronic cassava tox-
icity: Proceedings of an interdisciplinary work-
shop, London, England, 29-30 January, 1973,
International Development Research Centre,
IDRC-010e, 1973, 113-120.

Martey, F. Aflatoxins of Aspergillus flavus grown
on cassava, Physiol, Plantarum, 19, 1966, 818
822,

Mewton, G. L.. and Clawson. A, 1. lodine toxiciov:
Physiological effects of clevated diviary iodide
on pigs. 1. Animal Sci. 39, 1974, §879-884.

TROPICAL ROOT CROPS SYMPOSIUM

Mg, B. 5, and Hwuagalung, R. 1. Evaluarion of
agriceltural produces and by-products as animal
feeds. 1. Infuence of dehvdrared ponltry ex-
creta  supplesteniation  in cassava  diels  on
growth rate and feed wilization of chickens.
Mal. Agric. Res. 3, 1974, 242-253,

M.R.C. Nutrient reguirements of Pouleey, Mational
Research  Council, National Academy of
Sciences. Washington, D.C.. 1966, No. 1345.

Nutrient requirements of swine. National Re-
search Council, National Academy of Sciences,
Washington, D.C., 1973, Tth revised ed., No. 2.

Osuntokun, B. Q. A toxic newropachy associated
with high cassava diets in West Africa. In
Chronic cassava toxicity: Proceedings of an
interdisciplinary workshop, London, England,
29-30 January, 1973, Imternational Develop-
ment Research Centre, IDRC-010e, 1973, 127-
138,

Sthombing, . T. H., Cromwell, G. L., and Hays,
V. W, Effects of protein source, poitrogens and
iodine fevel on performance and thyroid status
of pigs. J. Animal Sci. 39, 1974, 1106-1110,

Scott, M. L., Nesheim, M., C.. and Young. R. J.
Nutrition of the chicken, M. L. Scott & Assoc.,
Ithaca, New York, 1969, 511p.

Stanton, W. R. Wasre recovery by microorgan-
isms. Process Biochem. 7, 1972, 21-23.

Stanton, W, K., and Wallbridge, A. ). Fermenred
food processes. Process Biochem. 4, 1969, 45-
51.

Treveylan, W, E. The enrichiment of cassava with
profein by moist-solids  fermentation. Trop.
Sci. 16, 1974, 179-194,

van der Velden, M., and Kinthaert, J. A pre-
liminary study on the action of cassava an thy-
roid iodine metabolism in rats, Br. J. Nutr, 30,
1973, 511-517.

Utilization of Cassava-Based Diets in Swine Feeding

Guillermo G. Gomez, Carlos Camacho, and Jerome H. Maner'

A swine feeding program based on diets with high levels (60-70% ) of sweel cassava
meal plus soybean meal as the protein source, without methionine supplementation but
adequately supplemented with vitamins and minerals, was vsed experimentally throughout
the animals’ lifetime. The experimental results were compared with those obtained in a
control diet based on common maize and sovbean meal.

The gilts fed cassava meal gained weight more slowly during the growing-finishing
periods and gained less weight during pregestation and gestation. Nevertheless. they gained
weight subsequently, in lactation, whereas the gilts in the control group lost weight during

this period.

"Swine Production System Program, Centro Internacional de Agricultura Tropical (CIAT). Apartado
Aéreo 67-13, Cali, Colombia, IVITA, Apartado 245, Pucallpa, Peni, and Fundacao Rockefeller, Caixa
Postal 511, 40.000 Salvador Bahia, Brasil, respectively.
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The results indicate that the experimental diets with high levels of sweet cassava meal,
without methionine supplementation, produced a smaller number of pigs per litter. result-
ing in lower total weights per litter than normally expected. The gquantity of feed required
to produce one weaned pig was grealer for the cassava group than for the control. The
quantities of soybean meal required to balance the total protein was significantly greater
in the cassava meal-based diets than in the common maize diets.

Cassava roots are normally used for human
nutrition; nevertheless, high percentages of the
production of this crop from the principal
producing countries ( Brazil and Thailand) are
used in animal nutrition, especially for swine
feeding. 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
Halland, 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, Gomez 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 insignificant amount of protein. Experi-
mental work carried out at CIAT with rats and
swine (Maner and Gomez 1973, Job 1975,
Gomez et al. 1976) has shown that methionine
supplementation in dicts based on cassava meal
and soybean meal improves the protein quality
of the diet and also makes the detoxification
processes more efficient through a greater ex-
cretion of cyanides in the form of thiocyanates
in the urine (Maner and Gomez 1973). Rela-
tively high doses of cyanide in dicts for pes-
tating rats or gestating sows do not seem to
alter reproductive performance of these species
(Tewe 1975). On the other hand {Clawson el
al. 1963, De Geeter et al. 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 sovbean 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 preselected and grouped into two
lots of 16 pigs cach, with an average liveweight
of approximately 20 kg. The animals were
selected and assigned to each experimental
group on the basis of their liveweight and lit-
ter. Each experimental lot was divided into
four subgroups or replicates of four animals
each, and each replicate was housed in a con-
crete-loored corral during the growing-finish-
ing periods (20-90 kg). During the pregesta-
tion and pestation periods, two replicates (8
gilts) were grouped per corral and remained
in pastures grazing pangola grass. A few days
before the calculated farrowing date, each sow
was transferred to the maternity section and
placed individually in farrowing stalls. Each
sow and her litter remained in these stalls until
approximately 2 weeks after farrowing; they
were then housed in concrete-floored corrals
until weaning of their offspring at 56 days of
age.

The experimental diets were supplied in
automatic feeders during the growing, finish-
ing, and lactation periods. During pregestation
and gestation, the experimental diets were ad-
ministered in one meal per day and intake was
individually controlled. In all cases, drinking
water was continually available. The Yorkshire
boars used to breed all the gilts in the experi-
ment were fed a diet based on common maize
and soybean meal. The total protein calculated
(N x 6.25) in the experimental diets was:
growing (20-50 kg) 16%; finishing (50-90
kgl 13% ; pregestation (90120 kg) 13%; ges-
tation (breeding-farrowing) 16%: lactation
{ farrowing-weaning) 16% ; and starter diet for
baby pigs (10-56 days) 18%. The composi-
tion of the experimental diets is presented in
Table 1. The cassava meal was prepared from
fresh sweet roots (variety Llanera), which
were chopped, sun-dried on concrete floors,
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Table 1. Utilization of common maize and sweet cassava meal in swine feeding programs.
Percentage composition of experimental diets.®
Finishing and Gestation and Baby pigs starter
Girowing pregestation lactation diet
Common Coassava  Common  Cassava  Common  Coassava Common  Cassava
Ingredient (") maize menl maire meal maize mial maire meal
Common maize .5 - 8.9 = T6.4 — 62.5 —
Cassava meal — 69.0 - 759 - 67.0 - 50.6
Soybean meal 15.8 26.2 7.3 19.3 5.8 5.2 227 4.6
Sugar — — = — —_ — 10.0 10.0

8 ATl diets contained : 47 bone meal, 0.5 % mineral premix; and 0.3 % vitamin premix.

and then ground and incorporated in the diets
in the form of meal

Results and Discussion

In spite of the fact that only gilts were in-
volved, daily weight gains (0.77 and 0.71 kg/
day) were similar to those reported previously
{ Maner et al. 1976) for lots of castrated males
and females during the growing-finishing
periods. Although the principal objective of
this experiment was to observe the effects of
the diets on reproductive performance of gilts,
the results from the growing-finishing periods
indicate that there is a significant difference
(p < 0.01) between daily weight gains of the
animals in the two experimental groups. The
gilts fed the cassava-based diet gained less
weight per day (0.71 kg/day} than those fed
the control diet based on common maize
(0.77 kg/day), which is reflected in the longer
time [ 1-2 weeks more than the control group)
required to reach market weight (approxi-
mately 90 kg) and later in a lower average
weight per gilt at the time of breeding (118.5
vs 127.6 kg, respectively) when all the animals
were practically the same age, Intake of the
cassava-based diet (2.30 kg/day) was similar
to the consumption of the maize-based diet
(2.38 kg/day).

Table 2 gives the reproductive performance
of the two experimental groups including live-
weight variations of gilts during gestation and
lactation periods. The gilts received a limited
quantity of the experimental diets during pre-
gestation and gestation, equivalent to approxi-
mately 2.0 kg/animal/day during pregestation
and 1.8 kg/animal/day during gestation. The
gilts fed the maize-based diet had higher total
body weight gains (48.3 vs 37.5 kg) and net
weight (33.3 vs 27.6 kg) during gestation than

the animals fed on the cassava-based diets
{Table 2). Nevertheless, the gilts fed cassava
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 leats; in addition, two other
gilts from this group were bred, became preg-
nant, and farrowed much later than the rest
of the experimental animals.

The number and weight of offspring at birth
from gilts fed cassava-based diets were slightly
lower but not significantly different {p > 0.05)
from the progeny of gilts fed on common
maize. When the pigs reached 21 days of age,
the number of pigs per litter was significantly
different 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 common maize and the cassava meal
groups, respectively. Nevertheless, as a result
of the difference in number of weaned pigs, the
gilts fed on common maize produced total litter
weights significantly (p << 0.05) higher (145.4 vs
103.6 kg) than gilts fed sweet cassava meal
(Table 2). Performance of the control group
litter was similar to that normally obtained in
practice, whercas performance of gilts fed a
cassava-based diet was less than expected. Ap-
parently, the smaller number of baby pigs and
their reduced weight at birth were the causal
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Table 2, Utilization of common maize and cassava meal in swine feeding programs.
Experimental results for the gestation and lactation periods,

Experimental variables
Common Cassava
maize meal
Mo. of gilts 10 14
Liveweight changes for gilts (kg)
Weight at breeding 127.6 118.5
Weight on 110th day of gestation 175.6 156.0
Total gain, gestation 48.3 37.5
Postfarrowing weight 160.6 146.1
Net gain, gestation il 276
Weight at weaning, 56 days 153.9 159.6
Weight change, lactation =67 4+13.5
Weight change, gestation-lactation +26.3 +41.1
Farrowing data
Mo. pigs/litter 10.0 8.4
Pig weight (kg) 1.09 0.97
Weaning data
Mo. pigs/litter 9.4 6.6
Pig weight (kg) 15.87 15.70
Total litier weight (kg) 145.4 103.6

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 ¢t al. unpublished) suggest
that the addition of methionine to cassava-
based dicts 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 the case in this work. More
experimental data are necessary to clucidate
the factor(s) responsible for inferior repro-
ductive performance in feeding programs for
all periods of the pigs' lifetime that are based on
the utilization of cassava meal as the source of

energy.
The average consumption per animal {gilts)

of diets, common maize, cassava meal, and
soyhean 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 meal in swine feeding. Intake of diets and
basic ingredients. SBM = soybean meal,

Experimental variable

Common maize (kg)

Cassava meal (kg)

Comman Cassava
Experimental period Diet maize SBM Diet meal SBM
Growing (20-50 kg) 77.9 59.5 14.7 a91.9 61.6 219
Finishing (50-90 kg) 1379 121.2 10.1 124.0 94.1 239
Subtotals 215.8 180.7 24.8 21539 157.7 47.8
Pregestation 230.6 2027 16.8 217.2 1649 41.9
Gestation 2099 160.4 39.5 2110 [146.0 349
Lactation 265.5 202.8 49.9 292.5 196.0 82.8
Baby pigs starter diet 79.6 49.8 18.1 511 259 17.7
Subtotals 185.6 615.7 124.3 7718 5328 197.3
Total 1001.4 T96.4 149.1 987.7 LT 245.1

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 and defects characteristic of experi-
mental work of this nature; nevertheless, it is
possible to suggest that the utilization of cas-
sava meal in integrated swine feeding programs
could result in lower reproductive performance
that could unfavourably affect economic pos-
sibilities,

Most of the experimental work on the use of
cassava meal in swine production refers
frequently to partial substitution of cereal
grains by cassava meal in relatively limited
percentages. In addition, in almost all cases,
cassava meal has been used in isolated periods
of the life cycle. Apparently the continued use
of high percentages of cassava meal makes it
possible to observe certain effects that cannot
be detected in relatively short-term experi-
ments, The effects may possibly be different
when bitter cassava meal is used, because the
content of hydrocyanic acid or linamarin is
much higher than in sweet cassava. Further
studies are required to obtain efficient use of
cassava meal in swine feeding programs.

The authors wish to thank Trudy Martinez for
the English translation of the manuseript.
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Establishment of a Pilot Plant for the Production of
Fungal Protein from Cassava

K. F. Gregory, A. G. Meiering, F. A. Azi, J. A. D. Sedgwick,
J. D. Cunningham, 5. J. MacLean, J. Santos-Nifez,
and G. Gomez'

The establishment of a pilot plant for the nonaseptic, high-temperature production of
protein from whole cassava mash by thermotolerant fungi was undertaken. The only nutri-
tional supplements required by the prototype culture ( Aspergillus fumigatus 1-21A, a non-
spore-forming mutant) for the conversion of 4% carbohydrate (about 15% fresh cas-
sava) were found to be urea (0.345%), KH,PO, (0.05%), and sulfuric acid (abowt
0.15% of 9 N acid to adjust the medium to pH 3.5 and supply sulfur). The plant includes
devices for washing and rasping the cassava roots, a self-aspirating 300 | starter fermentor,
a self-aspirating 4500 | main fermentor, a roller-press filtration device for harvesting the
biomass, and a unit with a sliding 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 arc able to grow under the
highly selective conditions imposed by high
temperatures (= 45 *C) and acidity {ca. pH
1.5) so that sterilization of the cassava mash
and maintenance of aseptic conditions do not
appear to be necessary. Chemical hydralysis
of the starch derived from the cassava roots is
not required prior to the fermentation process
because the fungi produce amvlases. Heat is
generated by the growing fungi but the high
fermentation temperature reduces the cost of
cooling the fermentor; water at ambient tem-
perature suffices for this purpose. Finally, the
filamentous nature of the fungi enables them to
be harvested by filtration, which is simpler and
cheaper than the centrifugation required for
harvesting yeasts or bacteria,

The initial search for suitable thermotolerant
fungi resulted in the isolation of a strain of
Aspergillus fumigarus, designated 1-21 (ATCC
32722), which had a satisfactorily high protein
content {over 45% crude protein under opti-
mum conditions; ca. 38% crude protein under
the selective conditions required for nonaseptic
fermentation, Reade and Gregory 1975). A
nonrevertible mutant of this culture, called

1Gregory, Meicring. Cunningham, Azi, and
Sedpwick, University of Guelph. Guelph, Canada;
and Santos-Nonez and Gomez, Centro Interna-
cional de Agricultura Tropical, Cali, Colombia.
This work was carried out with the aid of a grant
from the International Development Research
Cenire, Canada.

I-21A (ATCC 32723}, which is unable to pro-
duce spores, has been used for many of the
studies with this strain because the inhalation
of large numbers of spores of some strains of
A. fumigartus can incite a lung infection known
as aspergillosis. A subsequent, more extensive
scarch resulted in the isolation of additional
thermotolerant fungi some with excellent po-
tential value for protein production (Cephalo-
sporium eichorniae 152 and Rhizopus chin-
ensis 180, Gregory et al. 1976b). A summary
of a rat-feeding trial using Aspergillus fumi-
parus [-21 and [-21 A and the two best new cul-
tures is shown in Table 1. 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 subchronic toxicity experi-
ments with mycelium from A. fumipatus 1-21
were completed in rats (G. L. Khor et al., Uni-
versity of Guelph, unpublished), and the ex-
tensive clinical and histological tests com-
pleted on rats fed 1-21 did not indicate toxicity.

The fermentation and nutritional data ob-
tained with these thermotolerant fungi were
sufficiently encouraging to prompt the estab-
lishment of a'pilot plant at CIAT for the pro-
duction of fungal biomass from cassava for
pig-feeding experiments. This paper describes
the establishment of the minimal supplements
necessary for the optimum production of pro-
tein from whole cassava mash by the prototype
culture, A. fumigatur 1-21A, 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 (77 of dry weight) and
nutritional value of selected thermotolerant fungi.

Crude “True”
protein®  protein® PERc

Aspergillus

Sumigatus 1-21 44 15 23"
A, fumigarus 1-21A 49 17 23
A. fumigatus 1-21A

on cassava mash? i bo 2z
Cephalosporium

elchhorniae 152 49 k] ] 2.6*
Rhizopus chinensis 180 49 i7 25

ACrude protein = total N 6.25.

b Trye” protein was determined by an assay for
a-amine N with punfied bovine serum albumin as a
standard (Reade and Gregory 1975),

‘PER = Protein efficiency ratio (g weight gain /g
“trug” protein consumed). Values were normalized
relative to casein set at 2.5, Each diet was tested with ten
rats. The fungal diets were supplemented with 0577
pr-methioning, and the casein standerd dict was
supplemented with 0.3% pr-methionine and 017
L-tryptophan. PER values that are significantly different
from the casein standard at the 575 level of probability
are marked with asterisks.

4The biomass produced on whole cassava mash con-
tained unfermented cassava fibre as well as fungal
mycelia,

Experimental Procedure

Cassava starch was used for the optimization
experiments because it is less variable than
whole cassava, and the mineral requirements
for media containing whole cassava mash were
assessed in relation to reported analytical
values for cassava roots (Anonymous 1968,
Ewing et al. 1969, Gamble and Snedaker 1969,
Oke 1966, Pond and Maner 1974),

Growth responses in media with various salt
concentrations were determined in 5-litre fer-
mentors. Inocula for most experiments con-
sisted of spores of A. fumigatus I-21 suspended
in 0L029% (v/v) Tween 80 because of case of
handling; but the asporogenous mutant I-21A
gave an identical response in the final opti-
mized medium.

The mineral elements contributed by the
starch were determined analytically, and the
theoretical total requirement calculated by
adding these analytical values to the experi-
mentally determined supplements required. Tt
is apparent that the average cassava variely
supplies adequate amounts of all the mineral
elements required except sulfur and possibly
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Fig. 1. The eflect of nitrogen source on the pH of
cassava starch medivm (2% carbohydrare) in-
oculared with A, fumigatus I-21.

zinc. In experiments with whole cassava mash,
however, the addition of zinc has not been
found necessary. The amount of phosphorus
supplicd by the average root is very nearly
equal to the amount required by the culture,
but some 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, to adjust the initial pH of the
medium to 3.5,

The only additional supplement required for
the cassava mash medium is a nitrogen source.
Urea and ammonium sulfate were both found
to be suitable for the growth of A. fumigatus
1-21. but ammonium sulfate alone resulted in
too low a pH during the fermentation (Fig. 1).
When a large mycelial starter inoculum was
used, the ammonia released from the urea was
utilized fast enough so that a marked rise in pH
did not oceur until 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. the cassava sup-
plied most of the required mineral elements in
adequate concentrations so that the supple-
ments required were reduced to only three:
sulfuric acid. which adjusted the pH to 3.5 and
supplied sullur; urea, as the nitrogen source;
and monopotassium phosphate (Table 2). The
addition of monopotassium phosphate was
found to be essential for maximum protein
yield with a mash prepared from the cassava
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Table 2. Supplements (g/1) for A. fumipaius 1-21 to
produce maximum growth and protein yield in
207 (w/v) carbohydrate, supplied as cassava starch
of whole cassava mash.®

Optimum  Optimum

Originally for for whole
proposed  cassava cassava
concen- starch mash
tration miedium medinm
KH:PO, 1.0 (.375 0.25
MgS0,-TH:O 0.1 0.025 1]
Kl 0.05 0 0
FeS0,-THLO 0.01 <0.01 0
CaCls2H-O 0.01 0 0
ZnS0,-THLO 0.01 =001 0
Urea 1.72 1.72 1.72

aSulfuric acid, used to adjust the initial pH to 3.5,
provided an excess of 5 in all cases.

used in these experiments (Fig. 2). In the ab-
sence of any added KH.PO,, total product
yvield was undiminished, but its protein con-
tent was lower.

Concentrations of cassava giving carbohy-
drate levels as high as 49 (about 155 fresh
cassava) appear to be suitable for a 24-h pro-
duction schedule (Reade and Gregory 1975)
but require double the minimum concentration
of supplements shown in Table 2.

Since the operation of a pilot plant for
microbial protein production results in a large
volume of waste effluent liquid, experiments
were undertaken to determine the feasibility of
recycling part of the effluent into subsequent
fermentations, In experiments in which 50%
of the effluent was recycled in sequential fer-
mentations, the effluent became markedly
toxic for the organism. The effect of recycling
25% of the effluent in sequential fermentations
has not been determined, and it is questionable
if recycling this low a percentage would be
worthwhile.

Pilot Plant Operation

At the pilot plant constructed at CIAT, hoth
300 1 and 4500 | batch-type fermentors of
novel design are being used to process test
quantities of enriched cassava (Azi et al
1975).

The main feature of these fermentors is a
self-aspirating agitator unit, by means of which
air is drawn by suction down through a hollow
shaft and out through the ends of the blades as
the hollow impellor blades turn; thus no air
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Fig. 2. Minimal supplements reguired for opti-
mum protein produciion by A. fumigatus 1-214 in

medium  containing whole cassava mash (4%
carbohydrare).

compressor is required to force air into the
fermentor. The process produces a high-pro-
tein product from cassava roots by means of
an aercohic submerged fermentation in which
nonprotein nitrogen is used for microbial pro-
tein synthesis at the expense of energy from
the cassava carbohydrates.

The build-up of inoculum is made in the
laboratory where the culture is first increased
in multiple bottles of an agar medium. This
growth is then transferred to the 14 | labora-
tory scale fermentor. Growth in this fermentor
requires about 2 days before the culture is
placed in the 3001 fermentor, About 24 h later,
this 300 | volume is ready for transferring to
the 4500 | fermentor.

The process at the pilot plant scale starts
with fresh cassava roots, which are washed to
remove soil. Mext, the whole root (including
the peel) is ground to break open the cell walls
to release the starch granules. This is done by
passing the cassava through a rasper similar to
those used in small cassava starch factories. At
this point the rasped cassava is lifted and trans-
ferred into the large fermentor, which is half
filled with water, previously heated 1o abowt
70 °C by the passage of steam through a heat
exchanger. This temperature needs to be main-
tained for about 10 minutes to gelatinize the
starch and to prevent the development of fungi-
static activity in the mash  Reade and Gregory
1975; Gregory et al. 1976a) Urea, a small
amount of monopotassium phosphate and
more water are added to bring the fermentor
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 recady for inoculation with the starter
culture produced in the same medium in the
small fermentor (300 1). This inoculum is
about 6.7% of the volume of the culture in the
large fermentor. The fermentation is run for
about 20 h, 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
ambicnt temperature.

Once the culture completes its growth, part
of the biomass 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
mixed with more cassava or any other appro-
priate ingredient to lower the protein content
to the desired level, for feeding as a moist
ralion to growing pigs. Because the material
would spoil if stored wet, it is preferable to
oblain a stable dry product for experimental
purposes. The material becomes dark and hard
when oven dried, but it can be dried by ex-
posure to the sun and air.
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Lipase Activity and the Conversion of Fat to Carbohydrate
in Cassava

Frederick Nartey'

The activities of lipase, isocitrate Iyvase, 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 activilies of these enzymes increased rapidly, and reached their peaks at
the period of maximum carbohydrate synthesis and storage, which nearly coincided with the
period of maximum lipid degradation. This indicated that the fat-carbohydrate mechanism
in cassava involves the key enzymes of the glyoxylate cyele,

Lipids and proteins form the major con-
stituents of the storage reserves in mature cas-

Unstitute of Plant Physiology, University of

Copenhagen, @. Farimagsgade 2A, 1353 Copen-
hagen K., Denmark.

sava seed kernels. Free fatty acids are com-
pletely absent, and carbohydrates occur to a
minor extent (MNartey 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
posigermination period is concurrent with the
accumulation of carbohydrates. This offers
evidence for the operation of a fat-carbohy-
drate mechanism in cassava during germina-
tion and growth in the dark, which is further
stimulated by illumination.

Oleaginous seeds mobilize and utilize fat for
carbohydrate synthesis or respiration during
germination and growth. In Ricinus communis,
germination is accompanied by hydrolysis of
triglycerides to free fatty acids, followed by
their conversion to carbohydrate. However, in
Citrillus vilgaris and Elaeis guincensis, lipids
are not converted to carbohydrate, but are
largely respired.

During germination and growth of oleagi-
nous seeds, which convert fat to carbohydrate,
the activities of lipase, the enzyme that cata-
lyzes the hydrolysis of lipids, increase with
time. In Ricinus cummunis, germination is not
only accompanied by an increase in the acid
lipase activity, which is present in mature rest-
ing seeds, but also by the formation of a
neutral 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 (Martey et al. 1974). It was there-
fore considered of interest to investigate the
changes that occur in the activitics of lipase,
isocitrate Ivase and malate synthetase, to pro-
vide more evidence for the operation of a fat-
carbohydrate mechanism via the glyvoxylate
cycle.

Results and Discussion
Seeds and seedlings were either finely ground
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Fig. 1. Hydrolysis of endogenous lipids by cassava
lipase.

in a mortar with pestle or pressed in the french
press with 0.2 M Tris buffer pH 7.0 containing
0.05 M cysteine and 0.01 M EDTA for lipase
isolation, and with 0.067 M phosphate buffer
pH 7.6 for isocitrate lyase and malate synthe-
tase isolation. The brei was passed through four
layers of muslin and centrifuged at 270 g for
30 min to remove cell debris. The cloudy
supernatant was recentrifuged at 10.800 g for
30 min to obtain an upper layer fat-pad frac-
tion containing most of the lipase activity, an
infranatant fraction containing most of the
isocitrate lyase and malate synthetase activities,
and a precipitate that was discarded. The two
fractions were partially purified by extraction
with ether, followed by dialysis and lyophyliza-
tion,

Lipase Activity in Mature Dry Seeds:
pH Optima

Mature dry seeds had lipase activity, which
increased with imbibition of water. The en-
zyme had two pH optima, depending on the
method of preparation. Enzyme preparations
obtained by grinding showed an optimum at
pH 7.0, whereas preparations from the french
press showed an optimum at pH 9.0. This in-
dicates the presence of two enzymes, one func-
tioning as a neutral lipase, and the other as an
alkaline lipase. Both types of enzymes have
been identified in germinating castor bean and
Douglas Fir seeds (Ching. 1968, Muto and
Beevers, 1974).
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Fig. 2. Electronmicrographs of thin sections through: (A) the endosperm of marture dry cassava seed
showing cells filled with lipid bodies; (B) the endosperm of a 10-day-old etiolated seedling showing
accumulation of starch in the plastids; and (C) the coryledon af an [8-day-old seedling showing de-
creasing lipid bodies and imcreasing accumulation of starch.

Substrate Specificity

Cassava lipase catalyzed the hydrolysis of a
variety of oils, including endogenous Manihor
oil, and exogenous Manihot oil, soybean oil,
cotton seed oil, and olive oil. Fig. 1 shows
cassava seed lipase activity on endogenous

Manihot oil. In a typical experiment, the
lipid-enzyme fat-pad was isolated intact, dia-
lyzed, and lyophylized. A portion of the prod-
uct thus obtained was homogenized in phos-
phate buffer pH 8.0, and the hydrolysis of
ester bonds followed.
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Fig. 3. Changes in isocitrate Ivase and malate svn-
thetase activities in cassava as a function of
pgermination and proweh in the dark, Activities
were determined spectrophorometrically,

Cassava lipase isolated from imbibed seeds
gave the following results (umole 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 (.12; triolein 0.30; and
trilinolein 0.50. The cassava lipase catalyzed
the hydrolysis of Manihor and soybean oil at
nearly equal rates. This is probably due to the
nearly identical concentrations of triglyvcerides
of linoleic, oleic, and palmitic acids present in
Manihor and soybean oil (Nartey and Mpller
1973). Although the enzyme showed a broad
substrate specificity, it was more active on trio-
lein and trilinolein, This indicates a substrate
preference of triglycerides of long chain fatty
acids with one or more double bonds.

Changes in Lipase Activity During
Germination and Growth

Lipase activity in cassava seeds increases with
germination and reaches a peak after 9 days.
After 18 days, another peak is reached which
coincides with the period of maximum lipid
degradation. Fig. 2 illustrates this tendency at
the cellular 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
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most of the lipids disappeared, giving rise to
more carbohydrate.

Isocitrate Lyase and Malate Synthetase

As stated earlier, both soluble carbohydrates
and starch begin to accumulaie after 9 days.
Accordingly, the enzymes concerned with the
conversion of fat to carbohydrate were investi-
gated during the period of germination and
growth in the dark. It was found that dry seeds
possess low activities of isocitrate lyase and
malate synthetase. However, on germination,
their activities increased, reaching a peak at ap-
proximately 15 days. nearly coinciding with the
period of maximum degradation of triglye-
erides 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-carbohydrate mecha-
nism in cassava seeds during germination and
growth involves the key enzymes of the gly-
oxylate cyele, 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 carbohydrate for storage
and metabolic processes,

This investigation was supported by a Danida
Grant  (Danish International Development
Agency, Ministry of Foreign Affairs) which is
gratefully acknowledged. The Natural Science
Council of Denmark provided travel funds o the
author.
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A System of Food Delivery from Root Crops
T. O. M. Nakayama, James H. Moy, and Jose L. F. da Fonseca'

The production of stable convenience foods from root crops involves several steps
that may be tnken in diverse orders, For taro ( Colocesia esculemiton), it is possible to
separate the acridity factors by gravitational means, siabilize the material by dehydration,
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 rool crops.

The College of Tropical Agriculture of the
University of Hawaii has engaged in produc-
tion studies of taro for at least 75 years. The
industry today is characterized by having one
main product, poi. The College in cooperation
with the U.S. Department of Agriculture has
undertaken a study to clucidate the energy and
malerials requirements for a system that de-
livers food calories from root crops. The com-
modities chosen were taro (Colocasia eseulen-
turt) and sweet potato (fpomeea bataias).

Procedures

The areas of activity are: production; pro-
cessing; and distribution. They were delineated
by definite practical situations. Thus produc-
tion and processing were enjoined when the
cleaned root was put on the table. Likewise the
processing and distribution phases were inter-
faced when a suitable stable product was pro-
duced. The product was tentatively deseribed
as being stable in storage at 38 °C for | year
and rendered edible by using no more en-
ergy 1o prepare than that for cooking rice. The
distribution phase was completed when the
material was ingested.

Areas of activity were then translated into
tasks which serve as the basic inputs for a
systemaltic examination of the delivery system.
The activities of the processing section on taro
will be described here as an example of the
study. The study on sweet potato will follow a
similar format,

The task of the group is to transform the
perishable raw food value (calories) into stable
edible calories with a minimum of expenditure
of energy and materials.

IMakayama and Moy, Department of Food
Sciences and Technology, University of Hawaii,
Honolulu, Hawaii. and da Fonseca. Centro de
Prequisas ¢ Desenvolvimento, Bahia, Brasil,
Journal Series Publication Mo, 2009 of the Hawaii
Agricultural Experiment Station.

To accomplish this there were at least three
tasks to be performed: processing to remove
the acrid taste, dehydration to stabilize the
material, and storage to prolong the shelf life,
Conceivably, there are several different routes
in which these tasks could be performed. Like-
wise, there are many ways to accomplish each
of these, either energy-intensive or labour-in-
tensive,

Results and Discussion

Remaoval of the acrid taste could be accom-
plished by remaval of the raphide (needles of
calcium oxalate) containing cells (Sakai et al.
1972) or destruction of the acrid factor by
heat, i.e. processing at 121 °C for | h. The
latter has the effect of gelatinizing the starch,
which occurs at 75-85 °C (Goering and De
Haas 1972) and renders the material difficult
to dry. It was found that the raphide-containing
cells could be removed by settling. Thus the set-
tled material contained 0.16% calcium, whereas
the supernatant suspended material contained
0.03% Ca (w/w). The acrid taste was only
apparent in the settled residue, Dehydration
was studied by solar, hot air, vacuum, and
freeze-drving. It was found that all of the
methods could effectively dry the material in
the form of slices under the conditions in
Hawaii. Yields of dry material averaged 27-
3196 based on the fresh weight of corms.
Residual moisture of the dried slices varied
from 2.3 to 5.5% wel weight basis, with freeze
dricd samples having the lowest residual mois-
ture and sun-dried samples the highest. A
slurry could be dried at 60 *C in 4 h under
similar conditions.

Materials prepared under these conditions
are now being studied for changes in storage
under adverse conditions of temperature and
insecl exposure,

The material so prepared could then be used
to form noodles by a process of kneading,
rolling, and cutting. It was found that the ma-
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terial did not form noodles with the capacity to
retain their shape upon boiling for 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-
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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

L. P. W. Jeffers'

A locally constructed planter and an imported transplanter were wsed to plant yam
and sweet potatoes respectively on a field scale. Harvesting was carried out using a locally
constructed harvesting-aid and an imported digger-elevator. The digger-elevator was
successful in sweel potatoes, but will have to be modified to work on yams.

Yams (Dioscorea alata) and sweet potatoes
{Ipomoea baratas) have long been cultivated
in Barbados. Traditionally, they have been
planted with sugar cane in either “thrown-out”
or in preparation land. In recent years, due to
the increasing labour shortage and to the physi-
cal effort invelved, 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 but not yet per-
fected.

Preparation land may be cultivated with
ridges 168 or 84 cm apart in keeping with the
practice of planting sugar cane on ridges 168
cm apart. It is now recommended that the
84-cm ridges be used for vams and sweet po-
tatoes rather than the previously used 168 cm.
This recommendation is based on carlier work
where we showed that larger yields and better

IMinistry of Agriculture, Scicnce and Tech-
nolegy, Bridgetown, Barbados.

sized and shaped tubers were obtained from
the smaller ridges.

Mechanized Production of
Sweet Potatoes

Sweet potato slips are normally planted by
hand and after one or two hand weedings are
harvested with a garden fork. This production
method is labour intensive, time consuming,
and physically laborious,

Planting

A mechanical two-row transplanter was oh-
tained in 1973 for use mainly with vegetable
crops. We decided to plant potato cuttings or
“slips” with the transplanter, and changed only
the seating arrangement to scal four persons.
The land was ploughed and harrowed to obtain
a well cultivated flat seedbed. The transplanter
was then used to plant the slip burying the butt
end at least 10.6 cm in the soil, In operation,
the planters work in pairs, one pair to a row,
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The individuals in a pair work alternately
putting the slips in the planting pockets, result-
ing in an output of 1.5 ha/h,

Intercultivation

After the slips have rooted and started
growing it is necessary to ridge them up to
create an arca for the formation of tubers and
to control weed growth, The ridges should be
&4 cm, obtained by using rotary cultivators.
Two operations are normally used for ridging
up.

Harvesting

Earlier work identified two implements that
could be used for harvesting sweel potatoes, A
locally constructed “harvesting aid™ has been
successfully used, Tt consists of a 1001 x 15.2
em mounted tool bar fitted with two subsoiling
tines placed 102 em apart. The shoes are joined
by a straight blade 102 % 20.3 cm made of
l-cm thick steel. On the trailing edge of the
blade five 2.5-cm diameter rods were welded
16.5 cm apart and protruding backwards 38
cm o assist in separating the soil from the
tubers. This implement is relatively inexpen-
sive and efficient. The vines must be removed
to prevent clogging, and a simple device has
been devised to cut the potato vines. This con-
sists of two pairs of angled dises set 102 cm
apart to cut and clear the vines from the path
of the subsoil standards,

The second harvester is an imported digger-
elevator, This is a PTO operated digger con-
sisting of an under-cutting blade and shaker
chains that elevate the tubers and sift out most
of the soil, dropping tubers and remaining
debris from the rear of the elevator.

Results

The harvesting aid can bring an 84-cm row
of sweet potatoes 100 m long in about 7 min,
The collection, grading, bagging, and loading
take appreciably longer. In 3.5 h the digger-
elevator harvested 27 000 kg of potatoes by
one operator. The incidence of damaged tubers
in each case was less than 5% by weight.

Mechanized Production of Yams

There are certain prerequisites to successful
mechanization of yam production: (1) yams
must be grown in pure stands because it is
impractical to harvest mechanically from be-
tween young sugar cane; and (2) land must be
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Table 1. Comparison of harvesting methods on
damage 10 yams,

Wi of

whole
Ridge yams Tt

spacing  row  Total,  break-

Method {em) (k) row age
Manual (fork) 168 185 70 50
Harvesting aid 168 285 146 19
Manual (fork) B4 14 466 13
Harvesting aid 84 259 40 24

prepared and tubers planted to suit the har-
vester, Good land preparation is essential and
positioning of the seed picces is critical if the
mature tubers are to be convenicntly located
for harvesting (Chandler 1973).

Planting

Mechanical planting has been tried only on
the ridges spaced 168 cm apart. The planter is
simple, consisting of a double tool-bar with
conventional three-point mounting to which is
attached subsoil tine moulding discs, boxes for
seed pieces, and the operator’s seat. A 15.2 cm
diameter tube is attached behind the tine
through which seed pieces are dropped into the
furrow opened by the tine.

In operation, the tine and tube travel 10-15
cm below the apex of a previously prepared
ridge. Yams are deposited at this depth and are
covered when the ridge is reformed by the
moulding discs. This planter has a working
rate of 1-2 ha/day depending on operating
conditions, and requires one driver and a
planter operator.

Harvesting

The harvesting-aid has been used to harvest
both hand and mechanically planted yams. The
mechanically planted yams were grown on
ridges 168 cm apart while the hand planted
crop was grown on 84 cm ridges. Observations
were made on the rate of work, the amount of
damaged tubers, and comparisons were made
with hand harvesting.

From an area of 1.1 ha planted on 168-cm
ridges, a yield of 26 283 kg was obtained,
whereas 1.03 ha planted in 84 cm ridges
yielded 31 034 kg of yams. Table | shows the
comparison of harvesting methods on damage
to yams,
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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 intercullivation of
sweet potatoes could save about $150.00
{ Bds)/ha.

Summary of Discussions

Utilization
Rapporteur: Truman P. Phillips
Discussion Leaders: O. L. Oke and Truman P. Phillips

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 the short growing season of the potato
suggests the potential of using it in a multi-
Cropping sequence.

The data presented by Thompson et al. were
criticized for too often being based on tem-
perate country information, and failing to com-
pare potato productivity with other tropical
root crops. For example, potatoes are the
fourth most important staple at the world level,
but in the tropics potato production is only a
fifth of cassava production, and is only slightly
greater than sweet potato or yam production.
Also, given current practices it is unrealistic 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
lemperate countries),

The nutrient potential of other tropical root
crops was best summarized by Oke. He noted
that in the tropics cassava is the cheapest
source of calories and is the most widely
grown tropical root crop. 1t is the most produc-
tive farm crop, yielding edible nutrient equiva-
lent to an average of over 13 million Kcal/acre
compared with 9 million for yam and 1 million
each for guinea corn and maize. Over 8 million
tons of cassava are produced annually in Ni-
geria, contributing about 16% of the total
caloric and 5% of the protein intake., FAO
estimated cassava intake in 14 tropical coun-
tries to be between 269 and 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 119 of the protein. Like cassava it is de-
ficient in the sulfur amino acids. Cocoyam
and potato (sweet and Irish) are not utilized
Lo as great an ¢xtent as yam or Cassava, s¢cem-
ingly because they grow wild.

It is, however, not the individual nutrient
value of foods that is important, but the total
nutrient value of the dict.

Basic foods in the African diet are: (1) cas-
sava fermented to give fufu or served and
fried to give gari. This is usually eaten with
vegetable stew and meat; (2) yam boiled and
pounded to give a pudding, ivan, or alterna-
tively, sliced, dried in the sun, and powdered.
The fine powder is made into a thick paste with
hot water, a mala. In both cases the product
is eaten with vegetable stew and meat; and (3)
cocoyam grated, wrapped in banana leaves,
and stcamed. Again, this is eaten with vegetable
stew and meat. Obviously, the nutritive value
of each of these will depend on the guantity
used and the nutritive value of the meat or fish.

But it has been noted by numerous research-
ers that sulfur amino acids are the first limiting
factors in diets based on roots and tubers,
MNevertheless, these foods, in addition to pro-
viding large percentages of caloric require-
ments, account for substantial proportions of
protein, calcium, iron, and vitamin C.

In conclusion it is difficult, if not impossible,
to visualize how tropical diets can be main-
tained without the traditional root and tuber
crops. The potato, however, becomes im-
portant when considered to be complementary
rather than competitive with other root and
tuber crops.



