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Foreword

Root crops are a staple food in many countries throughout the tropical
regions of the world. Varieties may differ greatly in their nutritional value, and it
is important for alleviation of malnutrition that the best varieties be chosen.
However, nutritionists and agriculturalists have frequently not had access to
relevant analytical data. This is particularly so in the Pacific Islands where several
species important in atoll countries are not widely grown elsewhere. Root crops
such as sweet potato, cassava, yams and several types of taro are staple foods
throughout the region.

In 1983 ACIAR commenced a project to determine the chemical composition
and nutritional status of a wide range of Pacific root crops. Over the past four
years, Dr Howard Bradbury and a number of colleagues at the Australian
National University worked with 17 collaborators in eight Pacific countries to
provide a wealth of chemical information about Pacific root crops. This book is a
compilation of the data resulting from their study.

The results obtained compare well with more fragmentary data published
elsewhere. The present information is not country-specific, and should be of value
to nutritionists and agriculturalists concerned with tropical root crops worldwide.
The volume contains a literature review summarising previously published data as
well as the original data generated in the ACIAR project.

The publication is thus a comprehensive text on the chemistry of tropical root
Crops.

The contribution to this work of scientists and nutritionists in several Pacific
countries, and from the South Pacific Commission, is gratefully acknowledged.
The project was one of the first supported in ACIAR’s South Pacific program,
and we are pleased to see it coming to fruition.

Canberra Gabrielle J. Persley
11 April 1988 Research Program Coordinator
Crop Sciences

ACIAR
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Preface

We live in a crazy world. On the one hand we read of a surplus of wheat and
mountains of butter and meat, and on the other we see on our TV screens the spectre
of starving people. We can attempt to rationalise this by pointing to the unequal
distribution of food and wealth between the developed (rich) and the developing
(poor) countries, and the further inequalities of wealth between individuals within
any particular developing country. This disparity between developed and developing
countries should be reduced. Unfortunately the level of aid from some of the richer
nations has progressively declined in real terms over the last few years. An increased
awareness and concern by the people of the developed world towards the poor and
hungry in developing countries is needed.

The prevalence of protein energy malnutrition amongst children under 5 years
old has becn compared worldwide using weight for age data for the periods 1963-73
and 1973-83. It is impossible from the results to determine if malnutrition is getting
better or worse, but the total number of malnourished children increased by 15% in
the second period to 145 million (Weekly Epidemiological Record 1984). The num-
bers are so large that they tend to lose significance. The 166 Member States of the
World Health Organization have recently adopted a universal goal ot health for all
by the year 2000 (WHO 1986a). Global indicators for monitoring progress towards
health for all have been developed including, for example, an estimated probability
of a child dying before the age of 5 years. This indicator varies from 1.2% in
Australia and the United Kingdom to greater than 30% in several African countries
(WHO 1986b).

The increase in the population of the world can be described by noting that it
took 130 years after 1800 to add a second billion, 30 years after 1930 to add a third
billion and 15 years to add a fourth billion. The rate of increase of population
peaked in the early 1960s. The population in 1984 was 4.8 billion, an increase of 81
million in one year. Most demographers project that world population will eventually
stabilise at around 10 billion people (Brown et al. 1985). Today about 75% of the
world’s people live in developing countries and about 90% of the increase in
population will take place in present-day developing countries. Thus, virtually all the
additional pressure on global resources of food will occur in those areas of the world
least able to withstand it. Most of the developing countries fall within the tropics and
therefore the need for additional food resources will be most acutely felt there.

It is, therefore, particularly important to carry out research on tropical food
crops. There are two major reasons why tropical root crops should be chosen for
study. First, they are staple foods of hundreds of millions of people, particularly
poor people, in Latin America, Africa and Asia. Improvements in yield or in the
nutrient content of tropical root crops would therefore benefit the poorest people,
those who do not have the money to purchase cereals such as rice or maize (Norman
et al. 1984). Second, compared with the large amount of research carried out on
crops that are important in developed countries, research on tropical root crops is
small (Coursey 1983a). In recent years research has been carried out on sweet potato
at the Asian Vegetable Research and Development Center (AVRDC) in Taiwan and
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the Centro Internacional de la Papa (CIP) in Peru, on cassava at the Centro
Internacional de Agricultura Tropical (CIAT) in Colombia and on cassava, yams and
sweet potato at the International Institute of Tropical Agriculture (IITA) in Nigeria.
However, having regard to the worldwide importance of these root crops in subsis-
tence agriculture (see Chapter 1), there can be no question that the current level of
research is inadequate.

The situation in the South Pacific is different from that in other countries where
tropical root crops are grown. In the South Pacific, tropical root crops are the major
staple foods of the indigenous people and as such are a prime object of research.
Furthermore, much of the research of the international centres (AVRDC, CIP, CIAT
and IITA) is not applicable to the agricultural subsistence systems of the South
Pacific. Thus, root crop species differ, pests and diseases differ and the edible aroids
(taro) are much more important and cassava less important than elsewhere. The
small amount of research worldwide on the edible aroids is being done in research
centres around the Pacific and South Asia.

In the South Pacific, selection and breeding programs are in progress in Solo-
mon Islands for taro and sweet potato, in Fiji for taro, in Western Samoa for taro, in
Tonga for sweet potato, in Papua New Guinea for sweet potato and in Vanuatu for
yams. Over the past four years, workers in these countries and also in Kiribati and
Pohnpei State (Federated States of Micronesia) have sent samples of their popular
and elite cultivars to the ACIAR/ANU Program on Nutrition of Tropical Root
Crops in the South Pacific at Canberra, Australia, where they have been analysed for
all major nutrients.

The major aim of the Program has been to obtain a comprehensive set of
nutrient data on the root crops, which may be used by nutritionists in the region.
Currently there are considerable gaps in the nutrient data for tropical root crops, but
the general consistency of much of the data obtained worldwide with our data (see
Chapter 3) confirms that our comprehensive data set may be used throughout the
world. Furthermore, it is important to nutritionists, plant breeders and other special-
ists in the South Pacific countries to have data available on the particular cultivars
that are popular in their own country. These data are given in the Appendix tables.
Other aims of the program included a study of the effect of cooking on nutrient
content of the major root crops (Chapter 4), a study of antinutritional factors such
as acridity in the edible aroids, cyanide in cassava and trypsin inhibitors in all root
crops (Chapter 5) and studies of the effects of various environmental factors during
growth on yield and nutrient content (Chapter 6).

This project has been supported financially and in other ways by the Australian
Centre for International Agricultural Research (ACIAR). In order to make the data
available to a wide audience in the South Pacific and to nutritionists and tropical
root crop specialists throughout the world, it was decided that a monograph should
be published by ACIAR. This is the result.

The work has represented a team effort which has involved seventeen collabora-
tors from nine countries of the South Pacific whose names and addresses are given
following the title page. Also involved were nine co-workers from the Chemistry
Department at ANU who carried out nearly all the analyses. To these people we
tender our grateful thanks. Thanks are also due to Dr Grahame V. H. Jackson who
was involved in the development of the original program, and has made constructive
suggestions throughout its course, Dr Gabrielle J. Persley of ACIAR who facilitated
and supported the program, and the Director of ACIAR, Dr J. R. McWilliam, for
financial support, without which this project would not have been possible.

In the production of this book there are many persons who have read and made
comments on either the whole manuscript or parts of it. These include M. Alpers,
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R. M. Bourke, R. L. Hide, G. V. H. Jackson, P. R. Linton, S. Parkinson, M. F. Quin
and J. E. Wilson. Messrs P. Ferrar and R. MacIntyre of ACIAR are thanked for their
facilitation of the project and work on publication of the book respectively. We wish
to thank our typist Mrs Inta L. Payne for her sterling efforts in the production of the
manuscript. Finally one of us (JHB) wishes to thank his wife for her forbearance and
understanding during the long and intense period of writing this book.

J. Howard Bradbury
Warren D. Holloway
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Chapter 1.
Introduction

The major tropical root crops of the world are cassava (Manihot esculenta), sweet
potato (Ipomoea batatas), yams (Dioscorea spp.) and taro (Colocasia esculenta and
Xanthosoma sagittifolium). The world production of these crops in 1985 was 136, 111,
26 and 5.6 million t, respectively. In terms of world production, these tropical root
crops are fifth behind wheat (510 million t), maize (490 million t), rice (466 million t)
and white potatoes (299 million t) (FAO Production Yearbook 1985). The total world
production of all root crops exceeds that of wheat.

In the South Pacific, taro is relatively much more important and cassava much
less important than elsewhere in the world. Taro (Colocasia esculenta var. esculenta
and C. esculenta var. antiquorum, and Xanthosoma) are the most important members
of the edible aroids which form part of the Araceae family. The other three members
are of minor importance worldwide, but are of some importance in the South Pacific,
viz. giant taro (Alocasia macrorrhiza var. macrorrhiza), giant swamp taro (Cyrto-
sperma chamissonis) and elephant foot yam (Amorphophallus campanulatus) (On-
wueme 1978; Plucknett 1983; Sakai 1983).

The large number of common names used for some of the root crops is indeed
confusing. For example, taro (C. esculenta var. esculenta) is called taro in the Pacific
and Asia, dasheen in the West Indies and old cocoyam in Africa; taro (C. esculenta
var. antiquorum) is called eddoe in the West Indies and dasheen in the Pacific and
Asia, and Xanthosoma is called tannia or new cocoyam in Africa (Onwueme 1978;
Plucknett 1983).

1.1 Agriculture

Tropical root crops are grown widely throughout the tropical and subtropical
world and are the staple food for 400-500 million people. They are grown over a range
of climates and altitudes and on a variety of soils. Cassava and sweet potato are grown
from high rainfall to semi-arid regions because they tolerate drought and will grow in a
wide range of soils. Taro, however, is best adapted to wet and flooded areas and is also
tolerant to shade. They are grown largely for home consumption in gardens and
smallholdings and rarely appear on world markets, except when grown for industrial
use (e.g. cassava for starch production, and cassava and sweet potato as livestock
feed). The edible green leaves of sweet potato, taro and cassava are a good source of
protein, vitamins and minerals and are often used to augment the diet.

Some root crops, like sweet potato and cassava, require little attention after
planting. This is why the energetic efficiency of nonmechanised crop production (i.e.
the average energy ratio of output by the crop/input by the farmer for rainfed cereals
or sweet potato, cassava or yams) is higher for tropical root crops at 42-60:1 than the
cereals 9-39:1 (Chandra 1981; Norman et al. 1984). Cassava and the edible aroids may
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be left in the ground until they are needed for eating (Cobley and Steele 1976; Hahn
1984). Root crops therefore form a valuable, sustained food supply when other crops
fail, and are much less subject to damage by cyclones than tree crops or cereals.

The high efficiency of tropical root crops as food producers is due partly to their
plant architecture, because strength in the plant stem is not needed to support heavy
tubers and corms (Hahn 1984). This efficiency may be compared in terms of yields.
For cassava and sweet potatoes the average yield worldwide in 1985 was 9.6 and 13.9 t/
ha respectively, and for rice paddy was 3.2 t/ha (FAO Production Yearbook 1985). A
better measure of efficiency may be calculated in terms of the comparative edible
energy yields of the crop per hectare per day. The edible energy yields for rice, cassava
and sweet potato are calculated as 149, 138 and 194 MJ/ha/day, respectively, which
shows that sweet potato is probably more efficient in energy production than cassava
and rice (table 4.2 of Norman et al. 1984). This agrees with the results of calculations
in Japan where the sweet potato has an average yield of 21 t/ha from which the edible
energy is 1.23 x 10° MJ/ha, which is 1.9 times that of rice with an average yield of
4.5 t/ha (Hahn and Hozyo 1980); the average crop growth period is about the same for
the two crops. In a similar way, it is possible to calculate the average protein yield from
tropical root crops, cereals and legume crops. It is found that the average protein yield
of cassava, sweet potato and yams (100-140 kg/ha) is about the same as that of rice,
maize, beans and chickpea and less than that of groundnut (217 kg/ha) and soybean
(505 kg/ha) (tables 4.3 and 14.2 of Norman et al. 1984). A disadvantage of root crops
is that, except for yams, they cannot be stored for long after harvest, and because they
perish rapidly (see section 4.6), they are difficult to transport to markets. A more
detailed consideration of the various root crops follows.

1.1.1 Sweet potato, I. batatas

Sweet potato is a creeping plant (Fig. 1.1 and 1.2) and the only economically
important species of the family Convolvulaceae (Cobley and Steele 1976). The starchy,
tuberous roots are the major source of food, but the leaves are also a useful source of
vegetable greens in some countries (Villareal et al. 1979, 1982; Pace et al. 1985a, b).
The plant originated in tropical America and from there has been taken throughout
the world (Yen 1982). Sweet potato is ranked seventh in world production after wheat,
maize, rice, potato, barley and cassava (FAO Production Yearbook 1985). The largest
amount (81%) is grown in China which, combined with other Asian countries,
accounts for more than 90% of production. In Papua New Guinea (PNQG) it is the
major crop and the staple food (Bourke 1982, 1985a). It is also the staple food in parts
of the Philippines (Villareal 1982), Solomon Islands, and Tonga.

Sweet potato is grown in a very wide range of environments, in the tropics from
sea level to altitudes of about 2700 m (Bourke 1985a), and in temperate climates, in the
absence of frost, in China, Japan, USA, New Zealand and Australia. It is a perennial
plant but is normally grown as an annual. It is propagated from vine cuttings in the
tropics and from tubers in temperate zones. Flowering occurs readily in the tropics
where day lengths do not exceed 13.5 hours, but is rare in temperate latitudes. The
crop is self-incompatible, out-breeding and the production of seeds combined with the
normal vegetative propagation favours the accumulation of a large number of
cultivars (Cobley and Steele 1976). Sweet potato accessions number 1200 for PNG and
a total of 1660 for an incomplete listing of South Pacific countries (Jackson and Breen
1985). Accessions represent different cultivars which have not been exhaustively com-
pared to see whether duplicates exist in the collection. Bourke (1985a) estimates that
there may be 5000 cultivars in PNG. A major problem in the lowland tropics is
infestation of the tuber with sweet potato weevil (Cylas formicarius), related species C.
puncticollis (Talekar 1982) and Euscepes postfasciatus. In Tonga, E. postfasciatus is
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Fig. 1.1 Sweet potato in the foreground with cassava behind at Dodo Creek Research Station, Tenaru,
Solomon Islands.

Fig. 1.2 Freshly dug sweet potato tuber and plant, Visayas State College of Agriculture, Leyte,
Philippines.
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considered to be the most important root crop pest in the country (Van Wijmeersch
1986). In PNG yields vary from crop failure to 70 t/ha but are usually 10-40 t/ha.
Time to maturity is 4.5-6 months in the Lowlands and 6-8 months in the Highlands,
and the tubers are usually progressively harvested as they develop and the need arises
(Bourke 1985a). Sweet potatoes with white to cream-coloured flesh are usual in the
South Pacific, whereas American sweet potatoes normally have yellow to orange flesh,
and there are differences in chemical composition between them (see section 3.10).

1.1.2 Taro, C. esculenta

Taro Colocasia and Xanthosoma are the most important edible aroids and are
members of the Araceae family (Plucknett 1983; Chandra 1984). Taro Colocasia is a
very ancient crop that originated from Asia, probably India (Onwueme 1978; Wang
1983; Cable 1984) and was taken to Egypt, where it was called golgas and was an
important food there 2000 years ago (Darby et al. 1977; Parkinson 1984b). It is one of
the most widespread of the root crops, being grown to some extent throughout the
humid tropics. About 60% of world production of 5.6 million t is grown in Africa and
most of the remaining 40% in Asia and the Pacific (FAO Production Yearbook 1985).
There are two varietal types of Colocasia: C. esculenta var. esculenta which produces a
large edible corm with a few suckers (cormels), and C. esculenta var. antiquorum
which has a small or medium-sized corm and a large number of small edible cormels
(Onwueme 1978; Plucknett 1983). In the Pacific, taro C. esculenta var. esculenta is of
major importance and var. antiquorum is only rarely present (Sivan 1981; Bourke
1982), hence all further reference in the book to taro Colocasia refers to var. esculenta
and not var. antiqguorum.

Taro Colocasia (Fig. 1.3 and 1.4) needs fertile soil and a rainfall of at least
2000 mm/annum (Onwueme 1978). It grows in the tropics from sea level up to 2700 m
(Bourke 1982) with reduction of yield and increased time to maturity at higher
altitudes. It has a low tolerance to frost. Time to maturity is generally 7-9 months at
sea level, but it may be as short as 4 months, and up to 18 months at high altitudes
(Bourke 1982). Corm yields are variable; in Hawaii 20-30 t/ha/year (Wang 1983), in
Fiji 10-30 t/ha (Sivan 1984), and in PNG 4-13 t/ha (Bourke 1982). The average yield
worldwide is 5.6 t/ha (FAO Production Yearbook 1985). There is a wide variety of
pests (Mitchell and Madison 1983) and diseases (Jackson 1980a; Ooka 1983) of
Colocasia with perhaps the taro beetle (Papuana spp.) and leaf blight, caused by the
fungus Phytophthora colocasiae being the most serious. There are 722 accessions so
far recorded in collections in South Pacific countries, with the largest numbers in PNG
and Vanuatu (Jackson and Breen 1985). The leaves and corms of certain cultivars of
taro Colocasia are acrid (see section 5.4), but leaves and stems of non-acrid varieties
are used widely as a green vegetable and in salads and traditional dishes in the Pacific
(Standal 1983; Parkinson 1984a, b). Taro Colocasia requires high labour inputs for
weed control compared with sweet potato. Corms may be progressively harvested as
required, but they do not store well (sce section 4.6).

For a variety of reasons, taro Colocasia is in decline in PNG and Solomon
Islands, being largely replaced by sweet potato (Bourke 1982). In Fiji the area planted
to the crop has decreased, although production has actually increased as yield per
hectare has increased, and cassava production has increased (Sivan 1981, 1983).
However, in most South Pacific countries taro Colocasia remains a prestigious food
and in some countries such as Western Samoa, production has increased because of
export demand from Pacific Islanders living in New Zealand and Australia.
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Fig. 1.3 Taro (C. esculenta) growing in foreground with bananas above in Western Samoa.
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1.1.3 Taro, X. sagittifolium

This species (Fig.1.5) originated in tropical America and spread to Asia, the
Pacific and Africa probably in the 19th century (Onwueme 1978). It requires high
rainfall but cannot tolerate continuous flooding. It can withstand drier conditions and
lower soil fertility than Colocasia but like Colocasia is shade tolerant.

The main corm is usually not eaten, presumably because of its acridity, and is
used for planting setts and fed to animals (Bourke 1982; Van Wijmeersch 1986). Plants
produce many cormels that are eaten and yields are normally higher than Colocasia.
Xanthosoma is less subject to pests and diseases than Colocasia. As with Colocasia,
the stems and leaves are used in salads and as a green vegetable. The cormels store
better than the corms of Colocasia (see section 4.6). Xanthosoma is of much less
importance in the South Pacific than Colocasia although in Tonga it is second in
importance to cassava (Sivan 1981; Bourke 1982; Van Wijmeersch 1986). Only 32
accessions have been documented in the South Pacific (Jackson and Breen 1985).

1.1.4 Giant taro, A. macrorrhiza

Giant taro (Fig. 1.6, 1.7) probably originated in Sri Lanka or India, where it is
still grown, and spread to Southeast Asia and the Pacific. It is a major staple and
prestigious food in Western Samoa, Tonga, Wallis and Futuna and in some atoll
countries (Sakai 1983). In other countries such as Solomon Islands and PNG, it is a
reserve for use in times of famine (Bourke 1982). Twenty-two accessions are held in
collections in the South Pacific (Jackson and Breen 1985). Giant taro grows well under
evenly distributed high rainfall, since it cannot withstand waterlogged conditions or
prolonged drought. It is a perennial, and planting and harvesting take place through-
out the year. The corm grows above ground as a stem, typically about 1 m long, 15-
20 cm diameter and weighs up to 18 kg (Fig. 1.6 and 1.7). The leaves as well as the

! 4N A .

Fig. 1.5 Taro (X. sagittifolium) at Tenaru Research Station, Solomon Islands.
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