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__arundinacea)
| Cassava (Manihot esculenta)

-] Chavar (Hitchenia caulina)

] Chinese water chestnut
(Eleocharis dulcis)

] Chufa (Cyperus esculentus)

] East Indian arrowroot (Tacca
leontopetaloides)

3 Elephant yam (Amorphophallus
Spp-)

] False yam (Icacina
senegalensis)

] Giant taro (Alocasia
macrorrhiza)

] Hausa potato (Solenostemon

rotundifolius)
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3 Jerusalem artichoke
(Helianthus tuberosus)
1 Kudzu (Pueraria lobata)

1 Lotus root (Nelumbo nucifera)
] Maca (Lepidium meyenni)

] Oca (Oxalis tuberosa)

] Potato (Solanum tuberosum)

] Queensland arrowroot (Canna
indica)

] Radish (Raphanus sativus)
1 Shoti (Curcuma zedoario)

] Swamp taro (Cyrtosperma
chamissonis)

] Sweet potato (Ipomaea
batatas)
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1 Tardlachioribiaseren ches)

] Topee tambo (Calathea allouia)

-1 Ullucu (Ullucus tuberosus)

] Winged bean (Psophocarpus
tetragonolobus)

] Yacn (Polymnia sonchifolia)

L Yam (Dioscorea spp.)

1 Yam bean (Pachyrrhizus
erosus)

D Appendixes

Taro (Colocasia esculenta)
Common names

TARO, Dashe(e)n, Eddo(e), Old cocoyam.
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Botanical name

Colocasia esculenta (L.) Schott.
Family

Araceae.

Other names

Abalong, Amalong (Philipp.); Arvi (Ind.); Barbados

eddoe (W.l.); Bari (W. Afr.); Chinese eddoe (W.l.);

Chinese sayer (Guyana); Chonque (Col.); Chou bouton

(St. Lucia); Chou de Chine (W.l.); Colulu (Polyn.); Coco

(Ant.); Cocoyam’, Curcas (W.l.); Dagmay (Philipp.); Dalo

(Fiji); Danchi (Venez.); Elephant's ear, Gabi, Gablos,

Gahula (Philipp.); Guagui (Cuba); Igname (Fr. and 1It.);

Imo (Japan); Inhame (Port.); Keladi (Mal.); Khoai au

nu'oc bang, Khou-au ku'oc tuiang (Viet.); Koko (W.
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Afr.); Kolkas (Egypt); Kolokasi (Cy.); Linsa, Logbui,
Lubingan (Philipp.); Madre (Carib.); Malanga(y),
Malangu (C. Am.); Ocumo culin (Venez.); Pising
(Philipp.); Quiquisque (Guat.); Qolq(u)as (Egypt);
Satoimo (Japan); Taioba (Braz.); Taro de Chine
(Indon.); Taro kalo, Tato (Fiji); Tayoba (Sp.); White
eddoe (Barb.); Ya (China); Ya br (W. Afr.); Yu-tao
(China).

Botany

A herbaceous perennial 0.5-2 m tall, with an
underground starchy corm which produces at its apex a
whorl of large leaves with long robust petioles. The
leaves are heart-shaped, 20 - 50 cm long, with rounded
basal lobes; the leaf stalk joins the blade some distance
inward from the notch between the lobes (ie the leaf is
peltate - a feature which distinguishes the plant from
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the rather similar Xanthosoma). The inflorescence is on
a stout peduncle, shorter than the leaf stalks, with a
pale yellow spathe about 20 cm long: seeds are
extremely rare. The corms vary greatly in size and are
round/cylindrical, up to 35 cm long and 15 cm in
diameter, and are surrounded by a number of secondary
corms (cormels); the root system is superficial and
fibrous.

There are about 1000 recognised cultivars, but these fall
mainly into two groups: the eddoe type of taro, which
has a relatively small corm surrounded by large well-
developed cormels (and 42 chromosomes), and the
dasheen, which has a large central corm and numerous
but small cormels arising from its surface (and 28
chromosomes). The two types of C. esculenta are
frequently referred to as separate species in the
literature, C. antiquorum and C. esculenta, but it is more
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generally accepted that the taros are a polymorphic
species, C. esculenta, and under this classification the
eddoe is C. esculenta var. antiquorum (syn. C. esculenta
var. globulifera) and the dasheen is C. esculenta var.
esculenta.

Origin and distribution

The plant appears to have originated in India and spread
eastwards to Burma and China, and southwards to
Indonesia. Subsequently, it was taken to Japan,
Melanesia, Polynesia and Hawaii; in historical times it
spread to Egypt and the eastern Mediterranean, thence
to Africa, the Guinea coast, and, along with the African
slaves, to the Caribbean.

Cultivation conditions
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Taros are grown, mostly as a staple or subsistence crop,
throughout the tropics, subtropics, and in many warmer
regions of the temperate zone. There are cultivars which
are adapted to such varied conditions as swamps,
tropical wet rainforest, dry uplands and to the foothills
of the Himalayas. Only in a few areas, eg Hawaii, Egypt,
the Philippines and certain islands in the Pacific and the
Caribbean, does the taro attain the status of a
commercial crop. In general the eddoes are hardier than
the dasheens and can be grown in drier conditions on
poorer soils.

Temperature - for optimum results taros require hot
humid conditions, with daily average temperatures of
21-27°C; when grown in more temperate areas or at
high altitudes there must be a 6-7 month frost-free
period.
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Rainfall - taros are primarily adapted to moist
environments, but can be grown under a wide range of
conditions, ranging from paddy culture to dry upland
conditions under irrigation. An annual rainfall of
approximately 250 cm is considered satisfactory; they
can be grown in upland areas where the rainfall is about
175 cm provided this is evenly distributed throughout
the growing period. When grown in dry upland areas
with less than 175 cm of rain, irrigation is necessary to
provide sufficient water for vegetative growth and leaf
development and the use of furrow and sprinkler
irrigation has proved satisfactory. In Egypt, the crop is
irrigated at bi-weekly intervals for the first 6-8 weeks,
then weekly for the next 4 weeks and then every 4-5
days, until near harvest. Dasheen corms grown under
erratic moisture conditions show peculiar dumbell-like
shapes, reflecting constrictions in growth during dry
periods, and under water stress eddoes produce few

D:/cd3wddvd/NoExe/.../meisterl2.htm 10/418



19/10/2011 meister12.htm
cormels.
Soil - taros are grown on a wide range of soil types, but
the best results are obtained on deep, well-drained,
friable loams, particularly alluvial loams, with a high
water-table; a pH of 5.5-6.5 is reported to be best.

Taro has a high requirement for potassium and for
calcium. Traditionally, in particular in South-East Asia
and the Pacific islands, inorganic fertiliser is not used,
and reliance is placed on FYM and mulches of leaves,
etc, which have the added advantage of providing
substantial weed control. A cover crop of siratro
(Phaseolus atropurpureus) grown in a fallow period
before planting the taro, then destroyed by herbicide, is
regarded as an ideal mulch that also enriches the soil
with nitrogen. Where mineral fertilising is used, a
complete formulation such as 12:6:20 NPK is
recommended, particularly on poor soils. Split

D:/cd3wddvd/NoExe/.../meisterl2.htm 11/418



19/10/2011 meister12.htm
applications are desirable, with the last application not
later than 3 months before harvest. Severe calcium
deficiency produces 'metsubure’' symptoms in which the
developmental sequence of mother, daughter and
tertiary corms is disturbed and the yield diminished.

Altitude - taro may be grown from sea level up to 2 400
m; the choice of cultivar is important.

Planting procedure

Material - taros are propagated vegetatively, using
suckers, whole corms or cormels, pieces of corms or
setts (the lower 30-50 cm of the petiole with the top 1-2
cm of the corms). It is of major importance to ensure
that the planting material is free from disease (taken
from completely healthy plants).
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Method - Lowland or wet culture (paddy culture) - the
field preparation resembles that for rice, with ploughing,
discing and harrowing to produce a well-puddled soil.
Setts are normally used and the base pushed by hand
into the mud to a depth of 20-30 cm. The water level
should not be more than 30 cm above the top of the mud
and it must not become stagnant: an outlet is essential.
Planting may be done throughout the year.

Patch culture - used in swampy areas which are not
constantly under water. The muddy soil is formed into
'patches’' of various sizes, eg 7 x 20 m, with a ditch
around the patch in which water constantly flows. After
cultivation the patch may be covered with coconut
leaves and the taro planted through this mulch.

Dry land culture - loamy or clay-loam soil is mainly used
for dry land taro in areas where there is sufficient
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rainfall or where irrigation is possible. The dasheen type
(C. esculenta var. esculenta) has higher water
requirements than the eddoe type (C. esculenta var.
antiquorum), and the latter is often grown in dry land
culture as a plantation crop (eg in rotation with sugar
cane in some Caribbean territories), where it is planted
as cormels or pieces of corm in fields prepared by
ridging, or as an intercrop in peasant agriculture.

Weed control - is frequently by a combination of
mulching and handweeding: the flooding practiced in
paddy culture is usually sufficient to control weeds.
Chemical herbicides are becoming increasingly used in
the more sophisticated areas; pre-emergence herbicides
include prometryn, diuron and nitrofen. Shielded sprays
of paraquat or weed oils have been used as contact
herbicides among standing crops.

D:/cd3wddvd/NoExe/.../meisterl2.htm 14/418



19/10/2011 meister12.htm
Mechanisation of taro culture - recent work in Hawaii
has shown that mechanised planting, weed control and
harvesting of dry land taro is practicable, planting being
on well-cultivated (rotavated) soil using a modified
transplanter handling taro setts. Reaping is by a
modified potato harvester. For wet culture, planting
would be before flooding of the field and a promising
system of harvesting is under study.

Field spacing - in high rainfall areas with heavy cloud,
where exceptionally large leaves will be produced, wide
spacing appears to be optimal, as much as 90x90 cm (12
000 plants/ha). For Fiji, 60x60 cm has been shown to
give maximum yields of marketable tubers, though
where mechanisation is practiced rows 100 cm apart
and plants at 45-60 cm in the row are recommended.
Typical spacing in paddy culture is usually 45-60 cm (49
000-27 000/ ha).
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Pests and diseases

Pests - in many countries pests do not appear to present
a serious problem. However, in some places they are of
major importance and over 180 insects have been listed
as damaging the leaves, and about 40 as causing
damage to the corms; snails, slugs, birds, rodents and
other mammals are pests on occasion. Among the more
important insects may be noted the taro leaf hopper,
Tarophagus proserpina, in the Pacific islands, which also
transmits virus infections. The egg predator, Cyrtorhinus
fulvus has successfully controlled this pest in the
Philippines and other Pacific areas.

Taro hornworm (Hippotion celerio), the cluster
caterpillar (Spodoptera litura), whiteflies (Bemisia
spp.), spider mites (Tetranychus spp.) and aphids also
attack the leaves. Chemical control includes the use of
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methomyl, carbaryl, diazinon, malathion and
dimethoate, but avoidance of indiscriminate spraying is
important as a measure of natural biological control
frequently operates, and it is important not to eliminate
the beneficial organisms: emphasis should be given to
integrated control. The corms are sometimes affected by
the taro beetle (Papuana spp.), a suggested control is
by gamma-HCH applied to the planting holes and again
at intervals after planting. Root knot nematodes
(Meloidogyne spp.) can cause severe damage, producing
galls on the corms. Treatment of planting material by
immersion in water at 50°C for 40 minutes is suggested.

Diseases - include leaf blight (due to Phytophthora
spp.), which can cause defoliation, and (usually much
less serious) Phyllosticta spot (Phyllosticta spp.): both
can be controlled by copper fungicides. Dasheen mosaic
is a viral condition transmitted by aphids or leaf hoppers
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and is not usually severe, though destruction of
diseased plants is advised. Fungal root rots may be
serious. Soft rot (caused by Pythium spp.) is widespread
in lowland taro, and care should be taken to avoid
planting infected material. Southern blight (due to
Corticium rolfsii) sometimes attacks dry land taro and
has been controlled by dicloran or quintozene. Two
diseases of unknown etiology are hard rot and loliloli:
the former destroys the vascular system of the corm,
the latter produces a corm that is without starch and is
soft and watery in patches.

Growth period

The maturation period varies according to the cultivar,
and ranges from 6 to 18 months. The shortest crop

duration reported is 3 months in Sri Lanka, others are:
India 7-9 months, the Philippines 7-11 months, Hawaii
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(lowland crop) 12-15 months, Fiji 10-12 months,
Nigeria 6-8 months, Trinidad 8-10 months (dasheens),
5-6 months (eddoes). Growing conditions affect the rate
of maturation of the crop: eg in Hawaii, in the warmer
areas with high levels of solar radiation, 12 months, in
the cooler and more cloudy areas, 15 months.

Harvesting and handling

Taros are ready for harvesting when the leaves begin to
turn yellow and start to wither; harvesting can be
delayed for some weeks in dry weather without the
corms deteriorating, and post-harvest storage can thus
be reduced to a minimum. Normally the plants are lifted
by hand using a long stick with a sharpened point or a
cutlass. In large-scale production the plants are
sometimes ploughed out. Harvesting should always be
carried out in dry weather. Developments in mechanical
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harvesting have already been noted.

The storage life is usually limited by fungal or bacterial
rots; the most common are due to Phytophthora
colocasiae, Pythium sp., Botryodiplodia theobromae,
Fusarium so/ani, Ceratocysfis fimbriata and Corticium
rolfsii. Entry of pathogens is commonly through wounds,
eg where the numerous small cormels have been
removed from the main tubers of dasheens. Dipping in
benomyl delays storage decay where Botryodiplodia is
the main cause but is ineffective against Phytophthora
and Pythium; sodium hypochlorite, however, controls all
common decay organisms in the Pacific except
Corticium rolfsii. Storage of the corms under conditions
which allow desiccation is no longer recommended, as it
has been shown that conditions which keep corms
physiologically active promote curing of wounds and
minimise water loss. Both dasheen and eddoe type
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corms can be kept in good condition for upwards of 4
weeks in the tropics: thus dasheens with tops attached
and minimal wounding, and good quality eddoes, can be
stored in pits dug in well-drained soil and lined with
leaves, and well-shaded, on trays or in small heaps
under houses, or in cellars or barns. For commercial
handling it has been recommended that the sound
corms, after fungicide dipping, draining and air-drying,
be packed in polyethylene bags; such bags, overpacked
in banana cartons, have been successfully used for
shipping taros in the Pacific at ambient temperatures,
and the storage life has been from 26 to 40 days. In
connection with shipping, however, it should be noted
that fumigation shortens the storage life of taro.

Taro appears to suffer chilling damage at 3-5°C having a
life of only 5-6 weeks, but, in Egypt, taros are
successfully stored for periods of 12-15 weeks at 7°C.
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Primary product

Corms and cormels-the underground parts of the taro
consist of one or more edible, central corms and a
considerable number of edible cormels or lateral tubers.
In the dasheens the central corm is large, cylindrical, up
to 35 cm long and 15 cm in diameter, with small side
cormels, and it is the central corm that is used for food.
In the eddoes the central corm is smaller and bears
many small side cormels, which are normally eaten. The
coarser central corm is edible and is often used in
soups. The flesh of both types varies in colour from
white through yellow and orange to reddish or purple-
the last especially in dasheen types.

Yield

Yields vary greatly according to cultivar, local
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conditions, crop duration, etc. Recorded average yields
(t/ha) in various areas are: East Africa 5-12.5; West
Africa 5-10; Cook Islands 14; Egypt 26; Fiji 7.5-15;
Hawaii 37.5-75 (irrigated, heavily fertilised); Hawaii 15-
25 (dry land, heavily fertilised); India 34; Malaysia 9-10;
the Philippines 25; Trinidad (dasheen) 10-15; Trinidad
(eddoe) 5-10.

Substantially higher yields have been obtained in trials
or carefully controlled conditions: Fiji 24; New Caledonia
20; Papua New Guinea 17; Vanuatu 30-40 (wet land);
Vanuatu 15-20 (dry land).

Main use

Taros are an important food crop in many parts of the
tropical world. The corms and cormels are rich in starch
and may be eaten in a manner similar to potatoes,
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boiled, baked, roasted, fried or as a basis for soups.

Subsidiary uses

In Hawaii and some of the Polynesian islands the corms
of the dasheens are milled and the resultant slurry
allowed to ferment to produce 'poi'. A steamed pudding
made from grated taro and coconut is very popular in

Hawaii. The peeled tubers, after pre-cooking and drying,
can be used to produce a flour, similar to potato flour,
which is used in the preparation of soups, biscuits,
bread, beverages, infant foods and puddings. In recent
years there has been interest in the use of taro as a
speciality food in the management of gluten allergy in
infants, and as a cereal substitute in coeliac diseases,
largely because of its exceptionally small starch grains.
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Secondary and waste products

Leaves and petioles-may be cooked and eaten as a
vegetable. In Hawaii the leaves are canned for local
sale. A silage of moderate quality may also be prepared
from the leaves and petioles.

Corms and cormels-are rich in mucilage which can be
utilised in the paper industry or possibly in medicinal
tablet manufacture. They can also be used as a source of
power alcohol, or may be fermented to produce a drink
known as 'chica’.

Stems-are sometimes used medicinally, notably in the
treatment of snake bites.

Starch-consideration is being given to the use of taro
starch as a filler for plastics.
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Special features

Corms and cormels-are rich in starch; the flesh is mealy
to smooth and usually has a somewhat nutty flavour.
The composition of the edible portion of the corms has
been given as: energy 373-406 kJ/100 g; water 73-78
per cent; protein 1.4-3 per cent; fat 0.1-1.5 per cent;
carbohydrate 19-21 per cent; fibre 0.4-2.9 per cent; ash
0.6-1.3 per cent; calcium 32-40 mg/ 100 g; iron 0.8-1.7
mg/100 g; phosphorus 64-140 mg/100 g; potassium
514-550 mg/100 g; sodium 7-9 mg/100 g; carotene
trace-67 IU/100 g; thiamine 0.09-0.18 mg/100 g;
riboflavin 0.03-0.04 mg/100 g; niacin 0.4-0.9 mg/100 g;
ascorbic acid 0-10 mg/100 g.

The starch grains are very small and consist of a mixture
of two types, one 1-1.5 microns and the other 3-4
microns in diameter. For this reason taros are easily
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digested, but unsuitable as a source of industrial starch.
They are rich in a mucilage, which on hydrolysis yields
eight sugars, the pre dominant ones being d-galactose
and |-arabinose in the ratio 8:1. Most cultivars,
particularly the dasheens, contain oxalic acid (0.1-0.4
per cent fresh weight) mainly in the form of 'raphides’,
ie bunches of needle-shaped crystals of calcium oxalate
embedded in the tissues. An unidentified irritant(s) may
also be present in the tissues; boiling reduces irritancy.

Leaves and petioles-both the leaves and petioles can be
utilised as vegetables and are useful sources of vitamins
A and C: vitamin A, leaves 20 885 IU/100 g, petioles 335
IU/100 g edible portion; vitamin C, leaves 142 mg/100
g, petioles 8 mg/100 g.

Processing
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'Poi'-is prepared on a commercial scale in Hawaii, by
first pressure cooking the corms and cormels in steam
retorts, after which they are washed, peeled and milled;
the resultant semi-fluid product is strained or
centrifuged to remove fibre, and usually filled into
plastic bags, which are distributed at room temperature
through the normal retail channels. Under these
conditions, fermentation due to Lactobacillus spp. is
rapid and in 3-4 days the pH drops from 5.5-6 to 3.8-4.
This fermented product is preferred to the fresh
material. Public health regulations in Hawaii require
'poi’' to have a total solids content of at least 30 per
cent, or 18 per cent for ready mixed 'poi’, which has
been prepared by dilution with water. Fresh and
fermented 'poi' can be canned satisfactorily; the former
product is filled into cans at 76.6°C and retorted for 100
minutes at 98.8°C. Fermented 'poi’' is heated to 93.2°C,

filled hot, and cooled immediately without further heat
D:/cd3wddvd/NoExe/.../meisterl2.htm 28/418



19/10/2011 meister12.htm
treatment.

Flour-is prepared by peeling and slicing the corms and
cormels, and then washing the slices thoroughly in
water so as to remove as much mucilaginous material as
possible. After washing, the slices are left soaking in
water overnight, then washed again and finally
immersed for 3 hours in 0.25 per cent bisulphite
solution. They are next blanched in boiling water for 4-5
minutes, drained and dried, preferably in a tunnel drier
at 57-60°C. The dried slices are ground, sieved to 40-50
mesh and packaged.

Extruded products-taro rice, noodles and macaroni are
being developed from Colocosia flour. In polyethylene
packs these products have a shelf life of 12 months
when stored at 38°C or below.
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Instant taro flakes-have been manufactured
commercially in Taiwan: peeled corms are trimmed,
sliced to about 2 mm thick, steam cooked for 30
minutes, pureed to contain 20 per cent total solids with
5 per cent glucose solution, and drum-dried. The
reconstituted product was reported to have good
flavour, texture and colour.

Production and trade

Production-information about taro production is
incomplete and scattered. The edible aroids (Colocasia,
Xanthosoma, Alocasia and Cyrtosperma) are stated to
contribute 1.6 per cent of the total food energy of the
tropics and subtropics, or about 3.3 per cent of all root
crops. However, in the Pacific area the aroids constitute
a very high proportion of the root crops and are a major
staple. In many of the islands in the Philippines taro
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ranks third in tonnage among locally-grown root crops,
and has shown substantial increases in production in
recent years: 1973, 28 498 ha, 100 672 t; 1975, 36 830
ha, 123 523 t.

Similarly, in some Caribbean islands, taro (dasheen) is
of considerable importance, accounting for about 60 per
cent of all root crop production in St. Vincent and 45 per
cent in St. Lucia.

Trade-figures for taro are scant. In the South Pacific in
1982 Tonga exported approximately 35 000 t and
Western Samoa 3 800 t of dasheens, mainly to New
Zealand, a substantial increase from the 1 500 t
imported by that country in 1973. In the Caribbean, St.
Vincent exports 300-400 t of dasheens per year to
neighbouring territories. There is also a small import
trade in dasheens and eddoes by the UK.
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Major influences

The importance of taro in the Pacific islands is well
established, and with continuous population growth and
the availability of new markets for processed taro, both
as human food and for livestock feed, taro cultivation is
on the increase throughout the Pacific region. Similarly,
throughout India and South-East Asia, much of Africa,
tropical America and the Caribbean, taro is a valuable
staple carbohydrate food, relatively easy and
inexpensive to produce, and should maintain its
position. In Indonesia, which is importing rice, the
government is encouraging food diversification and taro
should obtain a greater share of the carbohydrate
contribution to the diet. Germplasm is being collected
and may be expected to result in improved cultivars;
this and better cultural practices should lead to greater
yields per unit area, while the development of full
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mechanisation should result in lower unit costs and
encourage larger-scale production.
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] Au (Tropaeolum tuberosum)

1 Arracacha (Arracacia
xanthorrhiza)

] Arrowhead (Sagittaria
sagittifolia)

1 Arrowroot (Maranta
arundinacea)

] Cassava (Manihot esculenta)

] Chavar (Hitchenia caulina)

-] Chinese water chestnut
(Eleocharis dulcis)

] Chufa (Cyperus esculentus)

] East Indian arrowroot (Tacca
leontopetaloides)

] Elephant yam (Amorphophallus
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3 #BRYE yam (Icacina
senegalensis)

] Giant taro (Alocasia
macrorrhiza)

] Hausa potato (Solenostemon
rotundifolius)

1 Jerusalem artichoke
(Helianthus tuberosus)

] Kudzu (Pueraria lobata)

] Lotus root (Nelumbo nucifera)
] Maca (Lepidium meyenni)

] Oca (Oxalis tuberosa)

] Potato (Solanum tuberosum)

-] Queensland arrowroot (Canna
indica)
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] Radish (Raphanus sativus)
-] Shoti (Curcuma zedoario)
] Swamp taro (Cyrtosperma

chamissonis)

] Sweet potato (Ipomaea

batatas)

] Tannia (Xanthosoma spp.)

] Taro (Colocasia esculenta)

] Topee tambo (Calathea allouia)
-] Ullucu (Ullucus tuberosus)

1 Winged bean (Psophocarpus

tetragonolobus)

] Yacn (Polymnia sonchifolia)

Yam (Dioscorea spp.)

] Yam bean (Pachyrrhizus

erosus)
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Topee tambo (Calathea allouia)
Common names

TOPEE TAMBO(U), Allouya.
Botanical name

Calathea allouia (Aubl.) Lindl. Also referred to as
Allouya americana (Lamk.).

Family
Marantaceae.

Other names
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Agua bendita (Venez.); Allluia (Fr.); Ari (S. Am.);
Cocurito (Venez.); Curcuma d'Amerique (Fr.); Guinea
arrowroot (Carib.); Kopffomige marante (Ger.); Liren,
Leren (S. Am.); L(l)erenes (P. Rico); Sweet corn root
(Carib.); Topinambour (blanco) (Ant.); Topitambo/u
(W.1.); Touple nambours (St. Lucia); Tumpinambou,
Uari (S. Am.).

Botany

The plant is a herbaceous perennial, with a fleshy
rootstock bearing erect or almost erect leaves with long,
grooved petioles and elongated, oval blades reaching to
a height of 0.5-1 m. In old plants there is a pseudostem,
consisting of a short stalk, 10-30 cm long, bearing a few
greenish to yellow or white flowers which rarely set
seeds. At the base of the plant are fibrous roots, some of
which produce clusters of ovoid tubers in the upper soil
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surface.

Origin and distribution

Evidence is scant, but the plant is generally believed to
be native to northern South America, some of the lesser
Antilles, Hispaniola and Puerto Rico: it has been
introduced to Madagascar, India, Sri Lanka, Malaysia,
Indonesia and the Philippines.

Cultivation conditions

Topee tambo is adapted to a tropical climate of
alternating wet and dry seasons, with the dry season
occurring during the short day season of the tropical
winter. A moderate annual rainfall of 150-200 cm is
required. Planting is shortly before the start of the rainy
season.
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Soil-ideally a loose loam or clay that permits good
drainage. The addition of FYM or other organic manure
is particularly beneficial. Neither very heavy clays nor
sandy soils are suitable.

Planting procedure

Material-the seed material usually consists of 'suckers’,
short sections of the rhizome with an upright terminal
bud, which are obtained by breaking up the clump of
rhizomes forming the basal portion of an old plant. After
harvest the rhizomes are normally stored in a cool, dry
place until required for planting, and they are not
divided until that time. Germination is often erratic, but
it has been shown that immersing the suckers in water
at 48°C for 10 minutes gave over 90 per cent sprouting.
Under some conditions the rhizomes may be left in the
ground until the approach of the planting season:
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however, intense shoot competition arising under such
conditions leads to depressed yields unless they are
separated. The yield from a single replanted offshoot is
often greater than that of a whole clump, with very
much larger individual tubers.

Method-preparation of the soil should take into account
its water relations. Where regular, heavy rainfall is
expected planting should be on ridges, with moderate
rainfall planting on the flat is satisfactory, but if rainfall
is likely to be limited and the soil has poor water-
holding capacity planting should be in small pits to
which organic matter has been added. Weeding in the
early stages of growth is important.

Field spacing-recommended distances are about 40 cm
between plants on ridges 80-100 cm apart (25 000-31
000 plants/ha) or on the flat 40-80 cm apart (16 000-62
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000 plants/ha).
Pests and diseases

The insect Calopodes ethlius is reported to attack the
tubers. Fungal or bacterial rotting of rhizomes that
suffer excessive flooding may occur. The foliage appears
to suffer little from pests or diseases.

Growth period

A crop of tubers is produced 9-12 months after planting.
Harvesting

The small tubers are usually dug up by hand with a fork.

Primary product
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Tuberous roots-which resemble small potatoes. They
are ovoid, usually 3.5-6 cm long with a diameter of 2.5-
3.5 cm, and covered with a thin parchment-like skin and
vellowish-gray in colour.

Yield

Yields of 2-12 t/ha have been reported. Low yields have
been associated with drought towards the end of the
(normally) wet season. Irrigation would be necessary in
such circumstances.

Main use

The tuberous roots are free of fibre and are normally
eaten boiled. After 15 minutes boiling the initial raw
flavour disappears and the product is crisp in texture
and said to have a unique flavour, somewhat resembling
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sweet corn, though with a slightly bitter but not
unpleasant aftertaste. The unusual texture and flavour
have been described as making these tubers 'a gourmet
item that should compete with popular hors d'oeuvres’.
Longer cooking, up to 60 minutes, makes the texture
more floury, like that of potato.

Secondary and waste products

A tincture of the leaves is reported to be used in
traditional South American medicine for the treatment of
cystitis and as a diuretic.

Special features

An analysis of the edible portion of the tubers has been
published as: energy 395 kl1/100 g; water 75.7 per cent;
protein 1.5 per cent; fat 0.3 per cent; carbohydrate 21.4

D:/cd3wddvd/NoExe/.../meisterl2.htm 70/418



19/10/2011 meisterl2.htm
per cent. About 70 per cent of the carbohydrate is
starch. A carbohydrate similar to laevulose is present.
The tubers are reported to be rather mucilaginous.

Major influences

Although Calathea allouia is currently a crop of only
minor importance, said to be partly due to its
intolerance of both drought and waterlogging, recent
reports from Puerto Rico emphasise its possibilities as a
specialist food. In the Amazon region of Brazil it is being
collected for germplasm as a potentially important basic
food, similar to potatoes but more suited to Amazon
conditions.
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(Helianthus tuberosus)
] Kudzu (Pueraria lobata)
1 Lotus root (Nelumbo nucifera)
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3 Tannia (Xanthosoma spp.)
-] Taro (Colocasia esculenta)

] Topee tambo (Calathea allouia)

-1 Ullucu (Ullucus tuberosus)

] Winged bean (Psophocarpus
tetragonolobus)

] Yacn (Polymnia sonchifolia)

L Yam (Dioscorea spp.)

] Yam bean (Pachyrrhizus
erosus)
D Appendixes

Ullucu (Ullucus tuberosus)
Common name

ULLUCU(S).
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Botanical name

Ullucus tuberosus Caldas
Family

Basellaceae.

Other names

Chigua (Col.); Chuguas (Ecu.); Hubas (Ecu., Col.);
Melloco (Ecu., Col.); Michiru, Miguri, Muchuchi (Venez.);
Olloco (Ecu., Col.); Papa Lisa (Sp.); Ruba(s) (S. Am.);
Timbos, Tiquio (Venez.); Ulluco(s) (Arg., Peru).

Botany

Ullucu is a perennial herb with a small number of erect
stems 20-30 cm high, and fibrous roots, some of which
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thicken at the end and produce tubers. Stolons arise in
the leaf axils and trail over the ground, rooting and
producing small tubers at the nodes: often tubers are
borne aerially on stolons that do not reach the ground.
The alternate leaves are broadly oval to cordate, 5-20
cm long and 5-12 cm broad, somewhat fleshy, variable
in colour according to cultivar, ranging from dull green
to bright green with red spots and purplish-yellow
borders. The skin of the tubers also varies with cultivar,
being white, red or yellow or red-spotted and the flesh
is normally yellow: over 70 cultivars have been
recognised. A yield of 30 tubers per plant is described as
'average’'. The tubers are small, rather longer than
broad, measuring 3-7 cm in length.

Origin and distribution

Ullucu originated in the high Andes of Peru, Bolivia and
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north-west Argentina. It was introduced into Sri Lanka
early in the present century, but its cultivation is still
virtually confined to the Andes.

Cultivation conditions

The plant grows best in cool moist conditions under
short day-lengths of about 12 hours (the production of
stolons and stolon-borne tubers is stimulated by even
shorter days of 10 hours). Ullucu has considerable
resistance to frost and thus it is well suited to the
Andean altiplano or high valley conditions. It is
cultivated at elevations between 1 500 and 4 000 m,
where it gives higher yields than the Andean cultivars of
potato. It is frequently intercropped with oca (Oxalis
tuberosa).

Planting procedure
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Material-usually small tubers, weighing about 20 g.

Method-the tubers are planted in September-October in
furrows in well-cultivated soil. Weeding is important.
The plants are earthed up two or three times during
their growing period to aid tuberisation.

Field spacing-highest yield of usable tubers has been
observed with furrows 80-90 cm apart and plants at 30
cm along the rows.

Pests and diseases

The most important pest is stated to be the Andean
weevil, Premnotrypes solani. Nematodes of Globodera
spp. attack the plant. Reported fungi include Aecidium
cantense and Rhizoctonia solani. A number of viruses
have been found in virtually all ullucu material
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examined; these include an ullucu strain of tobacco
mosaic virus (TMV/U) and of papaya mosaic virus
(PMV/U), as well as three new viruses designated ullucu
virus A, B and C respectively. Apart from slight leaf
mottling, these viruses appear to be symptomless, but
laboratory experiments using virus-free material
prepared by meristem culture suggest that growth and
vield are considerably retarded by their presence-which
is the general state of the crop as at present cultivated.
No vector is known to be involved in transmitting these
viruses.

Growth period
The tubers are ready for harvest in 4-6 months.

Harvesting and handling
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The tubers are dug by hand and often eaten
immediately.

Primary product

Tubers-which may be cylindrical, ellipsoidal or
spherical, with shallow eyes, often resembling small
potatoes. The skin is soft and the flesh is normally
yvellow and mucilaginous.

Yield
Yields are reported to average 5-11 t/ha.
Main use

Ullucu is a staple carbohydrate foodstuff in parts of the
Andes where it is cooked and eaten in a manner similar
to potatoes.

D:/cd3wddvd/NoExe/.../meisterl2.htm 83/418



19/10/2011 meister12.htm
Subsidiary use

The tubers may be made into chuo (see Potato-
Processing), called 'lingli’ in the Cusco region, in which
form they may be left for several months.

Secondary and waste products

It has been suggested that the leaves could be cooked
as a vegetable.

Special features

An analysis of the edible portion of the tubers has been
published as: energy 214 kJ/100 g; water 85.9 per cent;
protein I per cent; fat 0 per cent; carbohydrate 12.5 per
cent; fibre 0.6 per cent; ash 0.6 per cent; calcium 3
mg/100 g; iron 0.8 mg/100 g; phosphorus 35 mg/100
g; vitamin A 0 mg/100 g; thiamine 0.04 mg/100 g;
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riboflavin 0.02 mg/100 g; niacin 0.3 mg/100 g; ascorbic
acid 23 mg/100 g.

The high level of ascorbic acid is noteworthy.
Production and trade

Ullucu is a popular root crop in parts of South America,
notably Peru, where production was estimated to be
about 35 000 t/a in the middle 1960s, of which 26 000 t
was for human consumption, 5 000 t was used for seed,
and losses due to spoilage were estimated at about 3
600 t. At the time it was projected that the demand for
ullucu in Peru would increase to 66 000 t by 1980, but
up to date information appears not to be available.

Major influences

Ullucu is an important tuber crop in the Andean region
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and germplasm collections are being made, housed at
Cusco and Puno in Peru. It is considered a delicacy by
many people and is found on sale in modern packaging
in many supermarkets in Peru. Attempts to introduce it
into Europe at the time of the potato famine in the mid-
19th century were unsuccessful, as were attempts to
introduce it into Sri Lanka in the early part of this
century. However, especially if virus-free material can
be substituted commercially, thus increasing yields and
reducing costs, a wider market may be found for the
processed product.
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3 Giant taro (Alocasia

_ macrorrhiza)
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] Jerusalem artichoke
(Helianthus tuberosus)

] Kudzu (Pueraria lobata)
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chamissonis)

] Sweet potato (Ipomaea
batatas)

] Tannia (Xanthosoma spp.)

] Taro (Colocasia esculenta)

] Topee tambo (Calathea allouia)

] Ullucu (Ullucus tuberosus)

] Winged bean (Psophocarpus

tetragonolobus)

1 Yacn (Polymnia sonchifolia)

Yam (Dioscorea spp.)

] Yam bean (Pachyrrhizus
erosus)

U Appendixes

Winged bean (Psophocarpus tetragonolobus)
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Common names

WINGED BEAN, Aparagus bean, or pea, Four-angled, or
Four-cornered bean, Goa bean3, Manila bean, Mauntius
bean5.

Botanical nhame

Psophocarpus tetragonolobus (L.) DC.
Family

Leguminosae.

Other names

Amali, Batong-baimbing (Philipp.); Burma haricot;
Calamismis (Philipp.); Chara konisem (Beng.);
Chaudhaari-phali (Hind.); Chavdhari-ghevda (Bom.);
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Chichipir, Chipir (Indon.); Cigarillas (Philipp.); Dara
d(h)ambala (Sri La.); Du cau (Viet.); Dragon bean, Fava
de cavallo (Port.); Flgelbohne (Ger.); Garbanso
(Philipp.); Haricot dragon (Fr.); Kachang blimbing,
Kachang botol, Kachang botor (Mal.); Kachang embing
(Indon.); Kachang kelisah, Kachang kotor (Mal.);
Kalamismis (Philipp.); Katchang botor (Mal.); Katjeper,
Kechipir, Ktjeepir (blinger), Ktjeper (Indon.); Lakar-sem
(Beng.); Morisuavarai, Murukavari (Tam.); Pallang,
Parupa-gulung (Philipp.); P-myt, Psaung-sa (-ye or -za)
(Burma); Pois ail, Pois carr (Fr.); Princess pea,
Sabidokong (Philipp.); See-kok-tau (China); Segidilla,
Seguidilla, Sequidilla, Sererella (Philipp.); Sesquidilla
(Sp.); Shambe kayi (Ind.); Sigarilya (Philipp.); Tjeepir
bee-bas, Tjeepir we-loo, Tjeetjeepir (Indon.); Too-a
poo, Tua pu (Thai.); Winged pea.

Introductory note
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The winged bean is attracting attention as a potentially
valuable multipurpose crop, pods, seeds, tubers and
vegetative parts all being used, and it has been
documented as such in a companion volume (TPI Crop
and Product Digest No. 3-Food Legumes). The present
account considers its uses as a tuber crop in greater
detail, but in view of the value of its pods and seeds it
seems unlikely that it will often be grown as a tuber
crop alone; rather the tubers will continue to be a bonus
from a primarily legume crop.

Botany

A climbing perennial, producing new growth annually
from shallow, persistent roots, but for optimum results
the winged bean is treated as an annual. The fibrous
roots are numerous with the main laterals running
horizontally near the soil surface; after a few months
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they usually become thickened and tuberous, near the
base of the plant, though this does not occur in all
strains. The roots are normally heavily nodulated. Plants
in Malaysia may carry up to 440 large nodules each and
their fresh weight can reach 800 kg/ha. A single nodule
may weigh 0.6 g and have a diameter of up to 1.2 cm.
The stem is moderately thick, slightly ridged and
grooved, and can reach 3-3.6 m in height, if given
support. The leaves are trifoliate, on long, stiff petioles;
the leaflets are ovate, 7.5-15 cm long with the terminal
one usually longer than the laterals and attached to the
petiole by a marked pulvinus. The inflorescence is borne
on an axillary raceme, up to 15 cm in length, with 2-10
flowers, which may be blue, white or lilac. It has been
reported that pollination in some species is by bees, and
in their absence pod-set is very low. The pods are four-
sided, with characteristic serrated wings running down
the four corners. They contain 5-20 seeds which can
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vary in colour from white, through varying shades of
vellow and brown to black, and may also be mottled.

There are many different local strains of the winged
bean. The species is not found growing wild although it
has been noted growing as an escape in Burma and the
Philippines. There are four closely-related species found
wild in Africa, of which P. palustris Desv. and P.
scandens (Endl.) Verdc. (syn. P. Iongipedunculatus
Hassk.) are occasionally cultivated.

Origin and distribution

The winged bean is thought to have originated in Africa
(Madagascar or Mauritius) and to have spread to Asia,
and is now cultivated usually as a market garden crop in
southern India, Burma, Malaysia, New Guinea,
Indonesia, the Philippines, China and Thailand, and to a
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lesser extent in Africa, mainly in Ghana and Nigeria, and
in the West Indies.

Cultivation conditions

Temperature-it is a tropical crop resistant to high
temperatures, grown between 20°N and 15°S latitude.

Rainfall-well-distributed rainfall in excess of 150 cm per
year is required and the plant thrives in areas with an
annual rainfall of 250 cm or more. It can be grown as a
dry season crop, provided that there is adequate
irrigation and the water does not remain on the soil, as
this tends to reduce the growth of roots and root tubers.
Despite its perennial nature and extensive root-system,
it does not survive prolonged drought, though drought-
resistant cultivars are being developed.
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Soil-the winged bean is not very demanding in its soil
requirements, provided that there is adequate drainage.
It cannot tolerate waterlogging or salinity. Well-
cultivated, rich, sandy loams are best for optimum vyields
of pods; on clay soils the tubers are frequently small and
lacking in flavour. It is frequently grown successfully in
nitrogen-poor soils because of its exceptional ability to
nodulate. However, recently in Nigeria, experimentally-
grown winged beans have made comparatively slow
growth accompanied by markedly chlorotic, light-green
foliage, which suggests that the rate of nodulation is
very dependent upon the availability of the most
effective rhizobial strains, probably of the cowpea
group. The manurial requirements of the winged bean
have not been studied in detail, but it responds
favourably to nitrogen fertilisation. When grown as a
vegetable the routine application of standard NPK
fertiliser at intervals of 14-21 days has been
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recommended.

Altitude-it can be grown at elevations up to about 2 000
m in the tropics.

Day-length-the winged bean requires short days for
normal flower induction, since when grown under a long
photoperiod there is excessive vegetative growth at the
expense of flowers. Recent experiments have shown
that there is an interaction between day-length and
day/night temperatures; both flowering and
tuberisation are inhibited in 16 hour days, but with 8
hour days tubers formed regardless of temperature, but
flowering was dependent upon the temperature regime
used.

Planting procedure
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Material-seed, which is viable for approximately one
year, is normally used. Problems handicapping the
future development of this crop are the lack of adequate
commercial supplies of seeds and the genetic variability
of existing supplies. In certain areas of Burma and the
Philippines the crop is treated as a perennial and the
tubers are left in the ground to produce fresh plants. A
great deal of work is currently underway breeding new
cultivars to suit specific conditions and for tuber
production.

Method-the winged bean is often interplanted with
sweet potatoes, taro, bananas, sugar cane or other
vegetable crops. For pod and seed production planting is
usually on the flat and the seeds are dibbed in holes
about 2.5 cm deep, at the beginning of the rainy season.
It is usual to provide the winged bean with supports;
bamboo poles arranged singly, or in tripods, are often
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used. When poles are used the plants may grow so tall
that picking is difficult and the use of a trellis or wire
fence 1-1.5 m high has been recommended. In Burma,
where the crop is grown on a field scale for the
production of tubers, the seeds are normally planted 5-
7.5 cm deep on ridges and earthed up, stakes are
frequently dispensed with, and the plants are left to
ramble over the ground reaching a height of 30 cm. The
effect of staking on the yield of root tubers has
produced conflicting evidence, but the cost of staking
may well offset any increase in yield. Seedlings make
slow growth for the first 3-5 weeks and efficient weed
control is usually necessary until they are well
established.

Field spacing and pruning-in Burma, for tuber
production on a field scale, planting is on ridges about
20 cm high and 60 cm crest to crest, at 7.5-15 cm along
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the ridge (200 000-100 000/ha); recent work suggests
that about 150 000/ha is the optimum figure. Often two
or three seeds are used at each planting point; this
requires approximately 500 kg seed/ha.

Although new varieties will produce fruit and root
tubers, reproductive pruning (ie removal of flowers)
increases root tuber production dramatically (an
average of four-fold in reported experiments).

Pests and diseases

When grown in mixed market garden culture or shifting
agriculture the winged bean is generally free from
serious pests and diseases, though occasionally
attacked by caterpillars, leaf miners, grasshoppers,
spider mites and nematodes. Probably the most serious
disease, which occurs in Papua
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New Guinea, Java, the Philippines and Malaysia, is false
rust, caused by Synchytrium psophocarpi, which may be
controlled by copper fungicides. In plantations
Cercospora spp. cause leaf spot, though not to the
extent of producing defoliation. Caterpillars of Podalia
spp. have been reported from Brazil as serious, and also
the mites Polyphagotarsonemus latus and Tetranychus
virticae. Viral symptoms have been observed in Nigeria
and the Ivory Coast. It is probable that, as plantation-
type plantings increase, disease problems will become
more severe and many disease-causing organisms have
been listed in recent literature. In particular, root knot
nematodes have been reported to cause up to 70 per
cent losses in tuberous roots: Meloidogyne incognita
has been recorded as more aggressive than M. javanica.

Growth period
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Production of pods starts within 2 months and continues
for several weeks. However, when grown for tubers,
harvesting is normally 4-8 months after sowing.

Harvesting and handling

The root tubers are normally harvested when they reach
2.5-5 cm in diameter and 7.5-12 cm in length. Lifting is
usually by fork, care being taken to avoid damage; the
practice of growing the plants on ridges facilitates this
operation. Where grown on the flat, the ground is
sometimes flooded to make digging easier and to reduce
the possibility of injury. There is little information on
storage of the root tubers as they are normally eaten
immediately after harvest, but it has been found that
under normal tropical conditions deterioration is rapid
(loss of moisture, loss of vitamin C and long cooking
time), but at lower temperatures and higher humidities
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storage for a few weeks was possible, provided that
fungal growth was prevented.

Primary product

In the present context, the tuberous portions of the
roots are considered to be the primary product. These
are roughly cylindrical, with a brown, fibrous skin, up to
12 cm in length and weighing about 50 g. The flesh is
white and solid, and after peeling they are eaten raw or
boiled. They are described as having the texture of an
apple and tasting slightly sweet. They are most suitable
for eating when quite small (about 2.5 cm thick), as
they become increasingly fibrous and of poorer flavour
when more mature.

Yields
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Yields of root tubers are greatly influenced by
conditions of growth, altitude, variety, etc, and virtually
all reported yields are from crops grown primarily for
pod or seed. Malaysia has reported 2.5-6 t/ha and the
Philippines 2.3 t/ha. In Indonesia, higher altitudes were
stated to favour root tuber production rather than that
of pods, and in cool highlands yields were 6-16 t/ha, in
lowland areas much less. In Papua New Guinea also,
higher yields were reported from the highlands, and in
recent experiments in Malaysia 14 t/ha from staked
plants of selected strains in experimental plantings. In
none of these cases was reproductive pruning practiced.

Other products

Pods, seeds, foliage and flowers are all used in human
nutrition (see TPI Crop and Product Digest, No. 3-Food
Legumes). There is also some use of the vegetative
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parts or of the whole plant as animal feed.

Special features

Root tubers-the protein content is exceptionally high for
root crops, normally 12-15 per cent of the fresh weight.
The water content of the fresh tubers is 52-68 per cent.
The composition of the dry matter has been given as:
protein 13-20 per cent; fat 0.6-1.4 per cent;
carbohydrate 63-77 per cent; fibre 1.5-21 per cent; ash
1.7-3.9 per cent; calcium 40 mg/100 g; iron 3 mg/100
g; phosphorus 64 mg/100 g.

The wide range of values appears to be associated with
variety and possibly with maturity of the root tubers.

The carbohydrate is about 80 per cent starch and 20 per
cent sugars. In this analysis the non-protein nitrogen
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was 7.4-15 per cent of the crude protein but other
reports have found values as high as 50 per cent.
Sulphur-containing amino acids are low but the aspartic
acid content is exceptionally high.

The root tubers have high levels of trypsin inhibitory
activity (13 500 - 30 100 IU/mg fresh weight); this is
inactivated by cooking.

Forage and animal feed-analyses of the whole plant in
connection with its possible use as animal feed are:

Seeds-protein 42 per cent; neutral detergent soluble
fraction 77 per cent; in vitro digestibility 92 per cent.

Young leaves-protein 34 per cent; neutral detergent
soluble fraction 69 per cent.

Old leaves-protein 24 per cent.
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Green pods-protein 22 per cent.

Dry pods without seeds-protein 9 per cent; lignin 15 per
cent; in vitro digestibility 62 per cent.

Old stems-protein 11 per cent; lignin 17 per cent; in
vitro digestibility 58 per cent.

Young stems-lignin 13 per cent; in vitro digestibility 64
per cent.

Root tubers-protein 20 per cent; neutral detergent
soluble fraction 72 per cent; in vitro digestibility 95 per
cent.

The neutral detergent soluble fraction is the
carbohydrate and protein available to ruminants. Lignin
was the most important factor in depressing in vitro
digestibility.
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The use of sun-dried chips of the root tubers, dried

haulms, leaves and seed cakes, mixed with tapioca chips
and pelletised, has been proposed for animal feed.

Production and trade
No statistical data are available.
Major influences

Winged bean is of rapidly increasing interest as a high-
protein multipurpose crop, particularly for cultivation in
the humid tropics, where the incidence of protein
deficiency in human diets is often very difficult to
remedy. All parts of the plant are edible, ie seeds, root
tubers, leaves and flowers. The seeds, which are very
similar nutritionally to soyabeans, have the advantage
that they have a pleasant sweet flavour in contrast to
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the rather bitter flavour of the soyabean. Like the
soyabean, the winged bean could be utilised as a source
of edible oil and has potential as a substitute if
commercial production could be developed. Another
interesting feature of the crop is the high protein
content of the root tubers which could help alleviate
protein deficiency in local diets. In addition, the
exceptional ability of the crop to fix atmospheric
nitrogen by bacteria in the root nodules should not be
overlooked, in view of the world shortage and rising
prices of artificial nitrogenous fertilisers.

It has been suggested that in the future the winged
bean could become as important as the soyabean in
world agriculture, with the added bonus of yielding
substantial quantities of edible, high-protein root
tubers. Considerable research is currently underway.
While the plant in its present form is suitable for garden
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or smallholding use, requiring staking or rambling
tangled over the ground, large-scale cultivation would
be much more practicable with a low-growing
determinate cultivar; also, a plant with a clearly-defined
flowering season would enable deflowering to be
carried out as a single field operation if the crop were
being grown specifically for tubers.
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1 Abbreviations

| African yam bean (Sphenostylis
stenocarpa)

] Au (Tropaeolum tuberosum)
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= Arracacha (Arracacia

_ xanthorrhiza)

-] Arrowhead (Sagittaria
sagittifolia)

1 Arrowroot (Maranta
arundinacea)

-] Cassava (Manihot esculenta)

1 Chavar (Hitchenia caulina)

] Chinese water chestnut
(Eleocharis dulcis)

] Chufa (Cyperus esculentus)

] East Indian arrowroot (Tacca
leontopetaloides)

] Elephant yam (Amorphophallus

~SPp.)

-] False yam (Icacina
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__ senegalensis)
] Giant taro (Alocasia

macrorrhiza)

] Hausa potato (Solenostemon
rotundifolius)

] Jerusalem artichoke
(Helianthus tuberosus)

] Kudzu (Pueraria lobata)

] Lotus root (Nelumbo nucifera)
-] Maca (Lepidium meyenni)

] Oca (Oxalis tuberosa)

] Potato (Solanum tuberosum)

] Queensland arrowroot (Canna
indica)

] Radish (Raphanus sativus)
] Shoti (Curcuma zedoario)
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-] Swamp taro (Cyrtosperma
chamissonis)

] Sweet potato (Ipomaea
batatas)

] Tannia (Xanthosoma spp.)

] Taro (Colocasia esculenta)

] Topee tambo (Calathea allouia)

-] Ullucu (Ullucus tuberosus)

-] Winged bean (Psophocarpus
tetragonolobus)

1 Yacn (Polymnia sonchifolia)

Yam (Dioscorea spp.)

] Yam bean (Pachyrrhizus
erosus)
D Appendixes
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Yacn (Polymnia sonchifolia)

Common names
YACN, Jiquima.
Botanical name

Polymnia sonchifolia Poepp. and Endl. syn. P. edulis
Wedd.

Family
Compositae.
Other names

Arboloco (Col.); Aricoma, Aricuma (Peru, Bol.);
Jiquimilla (Venez., Col.); Llacn (Arg., Bol., Peru); Poire
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de terre cochet (Fr.);

Botany

A herbaceous plant, the stem of which is composed of a
subterranean perennial part, which gives rise to annual
aerial stems. The tall aerial stems are covered with fine
hairs and green in colour with purple spots and can
reach about 1.5 m in height. The leaves are opposite,
thin and smooth, with serrated edges. From the lower
leaf axils additional stems arise and at the end of these
stems the yellow or orange-yellow composite flowers
are borne. The subterranean part of the main stem
thickens to give rise to the tubers which are usually
ellipsoid or cylindrical in shape.

Origin and distribution
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The plant originated in the central Andes, and has from
early prehistoric times been cultivated in the cool
conditions of the subtropical and tropical Andes, at
elevations between 1 000 and 3 300 m in Peru, Bolivia,
Colombia and north-west Argentina.

Planting procedure

Material-propagated vegetatively from sprouting
runners (slips), about 10-20 cm long, taken from the
base of the main stem with a few roots attached.
Method-the slips are planted throughout the year,
provided there is adequate soil moisture, and receive
little attention apart from being kept free from weeds.

Growth period

The crop reaches maturity in about 7 months.
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Harvesting and handling

The tubers are lifted by hand and, if kept in a dark, dry
place, can be stored for several months.

Primary product

Tubers-the tuberous fusiform roots are edible and can
reach 20 cm in length and 3-10 cm in diameter, and
weigh up to 2 kg though 100-500 g is more usual. There
is considerable variation in the form and composition
according to the cultivar, but most have a soft purplish,
bark-like skin and can be spheroid or ellipsoid with
somewhat translucent yellow flesh.

Yield

Yields of up to 38 t/ha have been reported.
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Main use

Yacn is used as a vegetable and may be cooked or eaten
raw; sometimes the tubers are dried in the sun before
cooking, since this is said to sweeten them and improve
their flavour.

Subsidiary uses

The tubers may be used as a source of inulin or
fermented to produce alcohol.

Secondary and waste products

The main stem is also eaten as a vegetable and the dried
leaves, which have a protein content of approximately
11-17 per cent, are used as an animal feedingstuff.

Special features
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An analysis of the edible portion of the tubers has been
quoted as: water 69.5-82.7 per cent; protein 0.44-2.22
per cent; nitrogen-free extract 2.65 10.5 per cent; fat
0.1-0.13 per cent; carbohydrate 19.67 per cent; fibre
0.28-1.75 per cent; ash 0.26-2.04 per cent.

The carbohydrate consists mainly of inulin, and contents
ranging from 61 to 69 per cent have been obtained for
the dry roots.

Major influences

It has been suggested that the yacn could be a useful
fodder crop for cultivation at high altitudes in the
tropics or subtropics. This plant is high in priority for
conservation of genetic resources.
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= Lesser yam (Dioscorea
esculenta)

1Potato yam (Dioscorea
bulbifera)

1White yam (Dioscorea
rotundata)

1Yellow yam (Dioscorea
cayenensis)

Root Crops (NRI, 1987, 308 p.)
Yam (Dioscorea spp.)
Common name

YAM.
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Botanical name

Dioscorea spp.
Family name
Dioscoreaceae.
Other names

Car (Braz.); Gname (It.); Ighnam (Ar.); Igname (Fr. and
It.); Ignamekolle (Ger.); Inhame (Port.); Iniamas
(Nether.); Name (Sp.); Nyambi (Fr.); Nyami (Sen.);
Yamswurzel (Ger.).

Botany

Dioscorea is a large genus of over 600 species with
subterranean tubers or rhizomes. The tubers are storage
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organs and often grown to a considerable size; they
produce short, fibrous roots and annual shoots, which
are twining (except in dwarf species), the direction of
twining being specific.

The leaves are petiolate, often cordate, with strongly
marked reticulate veining (unusual for a
mohnocotyledon), sometimes lobed, occasionally
palmately compound. Many species produce bulbils in
the axils of the leaves which have the morphology and
appearance of condensed stems and in a few instances
are relatively large and tuberous. The flowers are small,
and borne in long racemes, with male and female
separate and usually borne on different plants. The
female flowers are followed by dehiscent capsules,
usually trilocular, with 6 seeds, usually winged for wind
dispersal, though many of the cultivated forms have
become partially or highly sterile.
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The genus Dioscorea is divided into a number of
taxonomic sections; the important food yams are
grouped in the following: Enantiophyllum-D. alata, D.
rotundata/D. cayenensis complex, D. opposita and D.
japonica; Lasiophyton-D. dumetorum and D. hispida;
Combilium-D. esculenta; Macrogynodium-D. trifida;
Opsophyton-D. bulbifera. There are some 60 species
that have been used for food, but most are of little
importance; the above (with the exception of D.
japonica) are described in the chapters following this
general chapter.

Origin and distribution

The genus Dioscorea is considered to be among the
most primitive of the Angiosperms and was present and
well diversified in part of the southern world at the end
of the Cretaceous period (approximately 75 million
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years ago), and the early spread appears to have been
via an antarctic continent (whose climate was totally
different in early geological times). The occurrence of
Dioscorea spp. in southern Asia, Africa and South
America long pre-dates human history and
domestication of the different species in these areas
appears to have been by aboriginal man. Wild yams and
domesticated cultivars occur throughout the tropical
and subtropical world, with one dwarf species (D.
pyrenaica Bub. and Borders) as far north as the
Pyrenees. West Africa is the most important cultivation
zone, where yam is a major staple, producing about 93
per cent of the world's edible yams, but the crop is also
of considerable importance in parts of eastern Africa,
the Pacific area (including Japan), the Caribbean and
tropical America.

Cultivation conditions
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Temperature-most edible yams cannot withstand frost
and make poor growth below 20°C. Optimum growth
occurs at about 30°C; temperatures much above this
have an adverse effect, especially if associated with
drought. An exception is D. opposita (see Chinese yam).

Rainfall-although generally considered drought
resistant, yams require adequate moisture throughout
their growing period and there is a positive correlation
between high and regular rainfall, vine growth and tuber
yield. For optimum yields adequate moisture between
the 14th and 20th weeks of growth is of great
importance. The major areas of production are centred
where there is a sharply demarcated dry season of 2-5
months and a rainfall of 120-150 cm or more during the
growing season. In parts of West Africa yams are grown
where the rainfall is as low as 60 cm per year, but yields
are very poor, while crops are also obtained where the
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annual rainfall reaches 300 cm.

Soil-good drainage is essential and for optimum yields a
deep well-drained sandy loam is required. On heavy,
waterlogged soils the tubers are liable to rot, while on
poor soils the weak root system is unable to obtain
sufficient water or nutrients to produce reasonably-
sized tubers. Most yams are grown on land after it has
been cleared from bush; fallow mulching is often
practiced and FYM at the rate of 17.5-25 t/ha gives
greatly increased yields. Fertilisers are not widely used
but there is a wide response to treatment, particularly
to the application of phosphorus and potassium. The use
of potassium sulphate at the rate of 125-370 kg/ha or a
12:12:8 NPK mixture at the rate of about 60 g per
mound has been recommended in Nigeria; while in
Trinidad potassium muriate at 376 kg/ha and
superphosphate at 376 kg/ha are used. In Barbados

D:/cd3wddvd/NoExe/.../meisterl2.htm 144/418



19/10/2011 meister12.htm
yams grow well as a rotation crop in sugar cane land
that has residual nitrogen and potassium from the
previous cane crop, but yields have been substantially
increased by the application of 225 kg/ha of a 9:10:23
NPK fertiliser. Application should be 2-3 months after
growth commences. The application of potash alone has
given yield increases in Nigeria, and it is also reported
to increase the storage life of the tubers, while chlorine
in the fertiliser adversely affects the starch content.

Altitude-most yams can be grown successfully at low or
medium elevations and some, such as D. alata, are
reported to be grown at altitudes up to 2 700 m in the
Himalayas, but in general yields are considerably
reduced above 900 m.

Day-length-the majority of Dioscorea spp. exhibit a
photoperiodic response and although day-lengths
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greater than 12 hours favour the growth of the vine,
tuber development is normally most satisfactory under
short-day conditions (10-11 hours of daylight).

Planting procedure

Material-edible yams are normally propagated by the
use of small tubers (seed yams), cuttings off the tubers,
setts (pre-sprouted tubers or pieces of tuber), or
bulbils. It is possible to use vine cuttings, but tuber
production by this method is generally uneconomic. (All
types of vegetative planting material other than vine
cuttings are commonly referred to as setts.) The best
planting material is the small whole tuber and species
such as D. esculenta and D. trifida, which produce a
fairly large number of tubers, can be propagated very
easily by reserving a few of the tubers and planting
these at the beginning of the next season. Other species
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such as D. bulbifera and some forms of D. alata produce
aerial bulbils, which can be used, but the majority of the
more important food yams only produce 1-3 tubers a
season and in this case setts cut from the tuber are
often used and are referred to as tops or 'heads'’
(proximal), middles, and bottoms or 'tails’' (distal). In
general, tops are preferred and the larger the sets, the
earlier and greater is the rate of germination. The
weight of sett used varies from about 0.25 to 2 kg but
occasionally whole tubers weighing up to 4.5 kg are
used, especially when extra large yams are required for
ceremonial purposes. Sometimes the body of the yam is
cut off and the head left in the soil to grow and produce
seed yams for propagation; this practice is known as
'‘topping’ or 'milking’'. In addition, planting material may
be produced in specialised yam nurseries, where one to
four small setts of 85-150 g are planted in small heaps
of soil, normally up to 12 500/ha, and these yield small

D:/cd3wddvd/NoExe/.../meisterl2.htm 147/418



19/10/2011 meister12.htm
yams suitable for use as seed. Most yams have a definite
period of dormancy, but this may be broken by the use
of a chemical such as ethylene chlorhydrin, where
production of out-of-season tubers is required.

A recent development has been the production in
Barbados of virus-tested planting material, in which
yams grown from virus-free meristem tip cultures are
being multiplied in the field and, after inspection,
distributed for planting. This material has been tested in
a nhumber of Caribbean islands and has given
approximately double the yield obtained when
conventional seed yams are planted, and the operation
is now commercial.

Method-yams are usually intercropped with maize and
vegetables, such as cucurbits, pumpkins, peppers and
okra, but mono-culture, normally on small plots, is
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increasing in certain areas of West Africa and the
Caribbean. Three types of planting systems are
practiced: the setts may be planted on the flat, they may
be planted in trenches or holes, or they may be planted
on mounds, ridges or raised beds. The last method is the
most widespread and the mounds can vary from about
50 cm high and perhaps twice as wide at the bottom, to
nearly 100 cm high and twice this width at the base. In
the smaller mounds one sett is normally planted and in
the larger ones three or four, or even eight to ten setts.
In general, larger mounds are preferred and the setts
are planted in holes dug in the sides near the natural
ground level. They are planted deeply to avoid drying
out of the young shoots and for this reason the head of
the sett is also placed downwards. Sometimes, instead
of individual mounds, ridges are used and the setts are
planted along the sides of the ridges. Planting on the flat
is only practiced in areas such as river flood plains,

D:/cd3wddvd/NoExe/.../meister12.htm 149/418



19/10/2011 meister12.htm
where the soil is deep and soft. In this system, the setts
are planted in holes just below the soil surface. Support
for the growing vines is usually provided, most often
stakes or trellises, or strings attached to horizontal
ropes or trees, sometimes corn stalks left from an
intercrop of maize, or even bushes: there is evidence
indicating that such support is necessary for satisfactory
plant and tuber development. However, a few cultivars,
notably of D. alata and D. esculenta, are adapted to
trailing on the ground without support, and in Barbados
D. alata is cultivated, without staking, on the plantation
scale. Recent work suggests that with close planting
other species may also give satisfactory yields without
support.

Planting is normally by hand, but a mechanical planter is
now being used in Barbados. For optimum yields yams
must be kept free from weeds, at least for the first three
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months of growth, and the following herbicides have
been used successfully: diuron 2.6 kg/ha, together with
TCA at 4.4 kg/ha, and atrazine at 1.5-2.9 kg/ha.

Time of planting-yams are not normally grown under
irrigation and in areas where the rains last 8-10 months
planting normally takes place just before or at the
beginning of the rains. Where the rainy season is less
than 8 months it has been found that early planting, up
to 3 months before the rains, can give a 30 per cent
increase in yield.

Field spacing-a wide range of planting distances is used,
depending upon the species, the soil type and the water
table and whether intercropping is practiced; mounds
are often irregularly spaced and planting distances
ranging from 0.7 to 2.3 m2 have been reported.
Generally, the wider the spacing the lower the yield and
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common spacings are 1.2 x 1.2 m, 1.2x0.9 m and 1.8x0.6
m.

Seed rate-the number of setts used obviously varies
according to the species and the cultivar, but for most
large-tubered yams 10 000-15 000/ha are used,
requiring at least 2.5 t/ha of setts.

Pests and diseases

Weeds-can be serious competitors with yams. While
hand-weeding is the most common practice, pre-
emergence spraying with atrazine or ametryn will
control weeds until the plants have sprouted;
subsequently paraquat carefully applied with a shielded
spray may be used. In due course the foliage should
become thick enough to cover the ground and eliminate
weeds, especially when the vines are unslaked.
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Pests-yam beetles of several species are important,
especially in Africa: these include the greater yam beetle
(Heteroligus meles), the lesser yam beetle (H. appius),
also Heteronychus licas, Prionoryctes rufopiceus, P.
caniculus and Lilioceris spp. These attack the tuber setts
and may prevent sprouting. Dusting the plant setts with
2 per cent aldrin or 0.5 per cent gamma-HCH will
normally prevent attack. In the Caribbean, the yam
weevil Palaeopus costicollis causes similar damage and
control is as for the yam beetles. The termite,
Amitermes evancifer, is occasionally a serious pest of
yam tubers in Africa. Yam scale (Aspidiella hartii)
attacks stored yams in Africa, Asia and the Pacific; in
the Caribbean its principal damage is to young vines
which may be destroyed completely. It is important to
use scale-free planting material; this, together with the
dusting recommended above, should provide adequate
control. Mealy bugs, Geococcus coffeae, Phenacoccus
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gossypii, Planococcus citri, and (in Papua New Guinea)
P. dioscoreae, feed on the tubers and roots of yams, and
can multiply to considerable numbers, causing
shrivelling of the stored tubers. Only clean and healthy
material should be planted (again the dusting treatment
recommended for yam beetles should be used), and, if
aerial parts of the plant are affected, spraying with
malathion or malathion plus an oil emulsion (eg Triona
or Albolineum) is recommended.

Several species of nhematodes attack yams. The yam
nematode, Scutellonema bradys, is widely distributed in
both Old and New World tropics and causes 'dry rot' of
the tubers. Pratylenchus coffeae, causing rather similar
lesions, has been reported to attack yams in Puerto
Rico, Jamaica and the Solomon Islands, while the root
knot nhematodes, Meloidogyne spp. of world-wide
distribution, sometimes attack this crop. Chemical
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control has not proved entirely satisfactory, though D-D
and dibromochloropropane have given some reduction
in the infestation rate. Absence of host plants and a
fallow period are recommended, and care must be taken
to avoid planting infected material.

Diseases-these include anthracnose (caused by
Glomerella cingulata), which produces black necrotic
lesions on leaves and stems, and can kill the plant by
attacking the terminal bud, and leaf spot, caused by
various species of Cercospora, Colletotrichum, and
Phyllosticta. Control involves sanitation by removal of
crop debris, and fungicide treatment: maneb, benomyl,
benomyl+ propineb, zineb and mancozeb have all been
reported to give reasonably good results. During
storage of the tubers, severe losses are caused by
rotting due to Botryodiplodia theobromae, Aspergillus
spp., Rosellinia bunodes, Lasiodiplodia sp., Fusarium
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oxysporum, F. solani and other Fusarium spp. These rots
may also affect the growing plant when the setts consist
of cut pieces of tuber, but are controlled by simple
measures such as the painting of the cut surfaces with
limewash or Bordeaux mixture, or coating with wood
ash. Rotting during storage may be minimised by
treating cut or bruised surfaces of the harvested tubers
in the same manner.

Virus diseases have been reported from the Caribbean
and West Africa, but are probably world-wide. Most are
of the mosaic type causing leaf mottling, and most are
serious only when the infection occurs early and is
severe, leading to stunting and sometimes causing the
production of humerous basal shoots, giving the plant a
bushy appearance. In the Lesser Antilles an internal
brown spotting (first observed in Barbados) is
associated with virus infection; the affected tubers
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develop hard brown nodules in the flesh, often
surrounded by necrotic areas, and the foliage has (not
always easily discernible) mosaic symptoms. Yields of
affected plants may be reduced by half. No vector has
been identified for any of these viruses, but a meristem
culture technique and the production of virus-tested
vyams has been developed and carried through to the
commercial scale in Barbados.

Growth period

Most edible yams normally reach maturity 8-11 months
after planting, though in certain species a first harvest
may be obtained after 5 months. The growth period
usually comes to an end at, or shortly after, the end of
the rainy season: neither late planting nor subsequent
irrigation will prolong growth beyond the normal annual
periodicity for the particular species.
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Harvesting and handling

At the start of the dry season yam plants normally die
back and the tubers are ready for harvesting, though in
most cases they may be left in the ground for several
weeks as deterioration is usually not rapid. In some
species, eg D. rotundata and D. alata, an early crop may
be taken as well as the main harvest; in this case the
tuber is carefully cut below the head and removed,
leaving the top to grow again and produce another
tuber, or tubers. Large yams are usually dug out by hand
with wooden spades or digging sticks, or with forks-a
laborious task since great care has to be taken to avoid
damaging the tubers. Yam species which produce a
number of small tubers can be harvested mechanically
with a potato spinner, but recent work in the Caribbean
has developed a mechanical harvester suitable for the
large-tubered D. alata planted on ridges. Aerial tubers
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or bulbils are usually plucked by hand from the vine as

required.

Yam tubers, if unaffected by pests and diseases, may be
stored until their natural period of dormancy is broken.
It has already been noted that many species may be
stored by leaving them unharvested during part, at
least, of the dry season. Normally, however, yams are
harvested and stored. The tubers must be clean and
undamaged, excessive temperatures must be avoided
and good aeration provided. Some varieties will keep in
good condition for about 6 months, though the tubers
may lose 10-40 per cent or more of their weight, and the
storage life differs between different species or even
cultivars. Several methods of storage are used: in some
parts of Asia and Africa tubers are stacked into heaps
which may be small or which may contain several
tonnes; these heaps are covered with straw or leafy
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branches. In West Africa yam barns are common,
consisting of a wooden vertical or nearly vertical
framework to which the tubers are individually tied: the
frames are usually 1-2 m high and are built in the shade
of a tree or under a thatched roof. These frames provide
excellent ventilation and the tubers can be protected
from termite attack and flooding. In the Pacific Islands
specially constructed thatched huts with a raised
platform, on which the yams are stacked, are used. In
many countries, yams are stored simply in ordinary
storerooms, sheds, or under houses that are built on
piles or stilts; often the yams are arranged in piles or
rows about 1 m high and 1 m broad, allowing for
ventilation and access.

Most yams, with the exception of D. trifida, are liable to
chilling injury if exposed to temperatures below about
12°C, an important consideration when yams are to be
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exported to temperate climates.

Insect damage to yams during storage is usually not
serious, though lesions produced by insects (often
during the growth of the tubers) may permit entry of
fungi or bacteria, as do cuts and bruises received during
harvesting. Rots caused by fungi (see Pests and
diseases) may be rapid, destroying a tuber within a
week or two.

Prolongation of dormancy by chemical methods is not
normally successful but recent experiments have
achieved a degree of success using gamma irradiation of
sound tubers at a dosage of 12.5 head; this treatment
has also somewhat reduced weight loss. The method is
claimed to be economically and practically superior to
storage at 15°C.
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Primary product(s)

Tubers-the subterranean tubers consist mainly of
starchy tissues covered by a suberised layer forming a
skin. There is great variation in the size, form and colour
of tubers, in their texture, flavour, thickness of skin, and
in storage behaviour.

The principal economic species are the Enantiophyllum
vyams (see Botany), and these produce few tubers,
normally one to three, which may be globular, flattened,
cylindrical or elongated and sometimes branched or
lobed, under normal conditions weighing from 3 to 15
kg, though specially grown 'giant tubers' can exceed 50
kg. The Lasiophyton yams form several medium-sized
tubers, sometimes fused into an irregular cluster. The
Asian Combilium yams and the American
Macrogynodium yams produce a large number of small
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spindle-shaped tubers, similar to sweet potatoes.

Bulbils-many yam species also produce bulbils in the
axils of leaves, which may become similar to
underground tubers, but smaller. In a few species, eg D.
bulbifera (Opsophyton), the bulbils are the main storage
organs.

Yield

Under optimal conditions yams are among the most
efficient producers of human food: yields of 70 t/ha (D.
esculenta) have been recorded from West Irian and 58
t/ha (D. alata) from St. Vincent. Under normal farming
conditions, however, yields are considerably lower, the
normal range for yams in pure stands being: West Africa
7.5-18 t/ha; South-East Asia 12.5-25 t/ha; the
Caribbean 20-30 t/ha. These yields are gross, and
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because a substantial quantity is used for propagation,
net yields are generally about 2.5 t/ha less.

Main use

Yams are a staple carbohydrate food, commonly eaten
as a vegetable, either boiled, baked or fried. In West
Africa a major proportion of the yam crop is eaten as
'fufu’, a stiff, glutinous dough.

Subsidiary uses

Yams are sometimes dried and made into flour; this is
often the case with damaged yams or with yams that are
surplus to requirements, essentially as a method of
storage. In recent years there have been attempts at
more sophisticated processing for export, eg fufu from
Nigeria, canned yams and yam soup from Puerto Rico,
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and yam flakes from Barbados. In general these
attempts have not been commercial successes, largely
owing to the high cost of the raw material.

Secondary and waste products

Peelings and waste from yams are often used for
feeding poultry and livestock. The possibility of using
vyams for the production of starch or of alcohol has been
considered, but not developed, as there are many
cheaper sources of both these products in the countries
where yams are grown. Poisoned bait for hunting and
fishing is sometimes prepared from D. hispida and D.
dumetorum in parts of Asia and Africa. Diosgenin (used
as a basis for the corticosteroid family of drugs) has
been commercially prepared from some species notably
D. mexicana, D. floribunda and D. composita. Some
species, eg D. cirrhosa, are used as a source of tannin.
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Special features

Yams are essentially carbohydrate foods with relatively
high protein and ascorbic acid contents. Typical figures
for the composition of the edible portion of fresh tuber
are: energy 439 kJ/100 g; water 72.4 per cent; protein
2.4 per cent; fat 0.2 per cent; carbohydrate 24.1 per
cent; fibre 0.6 per cent; calcium 22 mg/100 g; iron 0.8
mg/100 g; thiamine 0.09 mg/100 g; riboflavin 0.03
mg/100 g; niacin 0.5 mg/100 g; ascorbic acid 10
mg/100 g.

Proximate analyses of different species will be found in
the specific chapters.

Many yam cultivars contain substantial amounts of
mucilage which affects the culinary properties of the
tubers. In addition, several Dioscorea spp. contain
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alkaloids, tannin and sapogenins. For example, the toxic
alkaloid dioscorine is present in the edible species D.
hispida and the presence of diosgenin in D. mexicana
and others has already been noted.

Processing

Fufu-is prepared by cutting peeled yams into small
pieces and boiling in water until soft, then pounding in a
mortar until a sticky dough is formed, which is usually
firm enough to be cut into slices.

Yam flour-traditionally a method of long-term storage,
in which the tubers are sliced to a thickness of about I
cm, peeled and dried in the sun. When dry, the hard
slices are ground to give a coarse flour. In a slightly
more sophisticated process, washed tubers are cut into
slices about 5 cm thick, cooked until soft, then peeled
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and mashed into a pulp which is spread out to a depth of
about 2 cm and dried for 6-8 hours at a temperature of
50-70°C, until the moisture content is reduced to 10 per
cent. The dried material is finely ground and passed
through a sieve before being packed into polyethylene
bags. When reconstituted the product somewhat
resembles fufu.

Yam flakes-have been prepared in the Caribbean from D.
alata and in Nigeria from D. rotundata: the process is
outlined in the chapter on Greater yam.

Production and trade

Production-despite the increasing consumption of
introduced foods such as cassava and rice in the main
yam-consuming area of the world (West Africa), it
appears that yam production is remaining constant at
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about 20 million tonnes per year. Table 1 is taken from

FAO statistics (however, the last year for which FAO
published separate figures for yams was 1975): it may
be seen that some 97 per cent of the world's production
derives from Africa (over 90 per cent from West African
countries).

Acrcy Tiacvssed (000 had Production (000 0

1o Ha1-n5

Avargs 19TF 1974 1975 averape 1973 1973 1975
Wogld 213 20202073300 16 241 LY Iel 10 LAl ey 10
afriica 209% 1971222049 IS8T 1B 4R 19541 19535
Chana 144 130 131 150 10|l TTFORSD RO
Frary Coasr 134 205 198 X 1228 1 A23 | &80 1 TiW
Miperia P ALE 53500 25010 350 11740 14 300 15 Q00 i5 000
Togo o0 I TE U] ELE hIZ  TIF TS0
{hher Adrican

courirics |42 s, L ) AL L 1011 12 1 261 1 28Y

Table 1: Yam - Area and production in selected countries

D:/cd3wddvd/NoExe/.../meisterl2.htm 169/418



19/10/2011 meister12.htm

Ares Larvested OO0 had  Mraduwcoon R 1)

=] B R 1961 —&5
average 1973 1974 1975 mverapc 1573 194 1975
North rard Eoewtral
America 1] 21 21 22 4 210 a7 243
SOTER America o K 10k i L1+ AT T, A8
Asiy 13 14 15 15 104 1] 164 104
OQecanin 10 14 14 15 . 154 00 200
Al devetoped
countries k| T ¥ 8 2 124 134 138
Adl dewefoping
cuniblrics 2134 202120652103 168! 19250 20 054 20 K

| Digziegpancies betweer, ward wobas ang 1atals Zor developad and coveloping cannie .cs srz due

to Tounthing ol T A T gures

Table 1: Yam - Area and production in selected countries

(continued)

World production per hectare increased slightly during

the decade 1965-1975 (Table 2), but this was almost

entirely due to improvements in Africa (and, to a lesser
extent, Asia). Productivity fell slightly in South America.

Table 2: Yam - Average yields (t/ha)
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1961-65(1975
World 7.6 9.37
Africa 7.55 9.54
North and Central America|10.04 11.12
South America 5.7 4.69
Asia 8.29 11.35
Oceania 14.84 13.51
All developed countries 17.91 17.92
All developing countries ||7.58 9.54

Trade-accurate figures are not available, but trade

sources estimate imports of yams to the UK for 1982 to

have been about 10 000 t, made up as follows: Brazil 5

000 t; Jamaica 3 000 t; Barbados 100 t; West Africa 400
t; others 1 500 t. Until 1980 Colombia supplied 5 000 t/a
to the UK, but this fell to zero during 1981 and 1982. It
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is believed that the Colombian export trade is now
entirely to the USA and that the USA also imports about
5 000 t from Brazil and a substantial quantity from
Puerto Rico. Canadian trade sources indicate average
imports of about 2 000 t/a from Jamaica for the past
decade, but expect a slow decline unless there is a
reduction in price. It appears that the total quantity of
yams entering overseas trade is fairly steady at about
22 000 t/a.

Major influences

Yam in most parts of the tropical world is more costly
(mainly because of high labour inputs and relatively low
yields) than most of the competing carbohydrate foods,
but in spite of this continues to be highly favoured, at
least partly for traditional and ethnocultural reasons. It
appears to be holding its own in terms of production
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and the adoption of full mechanisation as currently
being developed (mainly in the Caribbean), along with
breeding programmes for high-yielding, shallow-rooting
cultivars and elimination of staking, should ensure that
yam production will not decrease, but possibly increase.
A small export trade seems likely to continue.
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Bitter yam (Dioscorea dumetorum)

Common names

BITTER YAM, Cluster yam.

Botanical name

Dioscorea dumetorum (Kunth) Pax. (Lasiophyton).
Family

Dioscoreaceae.

Other names

Esuri yam, Esur, (W. Afr.); Ikamba (Gab.); Name amargo
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(S. Am.); Ono (W. Afr.); Three leaved or Trifoliate yam.
Botany

The stems twine clockwise (to the left), unlike most
other yams of economic importance, and are robust,
hirsute and spiny. The leaves are trifoliate with
tomentose leaflets that have the typical reticulate
venation of yams, 12-16 cm long, 6-9 cm broad: the
petioles are pubescent and often spiny. The flowers are
small dioecious and fertile, forming oblong fruit, about 4
cm in length and 2 cm in diameter. The tubers may be
single or (usually) produced in clusters: bulbils are
rarely formed. The wild forms are often very poisonous,
but the cultivated forms usually have little toxicity. This
African species is closely related to the Asian species
D. hispida Dennst.
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Origin and distribution

The species is found wild throughout tropical Africa
between 15°N and 15°S, and is cultivated in West
Africa, especially in Nigeria.

Cultivation conditions
See Yam
Planting procedure

Setts are normally used but satisfactory results have
been obtained with vine cuttings.

Pests and diseases

Among other pests of stored yams (see Yam) the insects
Araecerus fasciculatus and Lepidobregma minuscula
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have been identified in Nigeria as infesting tubers of D.
dumetorum.

Growth period
Usually 8-10 months.
Harvesting and handling

D. dumetorum is easily harvested by hand (and could be
mechanically harvested were it grown on the large
scale). The tubers do not store well, a high proportion
becoming hard and inedible within 4 weeks after lifting.
Drying of sliced tubers is used as a method of storage.

Primary product

Tubers-which can show great variation in colour, form
and quality. The tubers may be single or form a cluster.
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The flesh may be white, pale-yellow, or dark-yellow, the
last being bitter. The wild forms are usually toxic and
the degree of toxicity is generally in inverse proportion
to the depth to which the tubers penetrate in the soil.

Yield

No reliable data appears to have been recorded, but
yields are generally reported to be higher than for most
other edible yam species in Africa.

Main use

Bitter yam is used as a vegetable, but not pounded into
'fufu’. Owing to its soft texture it is favoured by old
people with poor teeth. The wild forms are regarded as
famine food, and the tubers are detoxified by slicing and
soaking and boiling, frequently with the addition of salt;
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the slices may be subsequently dried. It is becoming a
preferred yam in Cameroon.

Subsidiary uses

The dried tubers can be used to prepare flour. In the
Sudan wild detoxified tubers have been ground into a
flour which has been used as a base for the preparation
of beer.

Secondary and waste products

The tubers of wild varieties mixed with bait are
sometimes used for poisoning animals in parts of Africa,
and cases of their use for criminal purposes have been
recorded. This species is sometimes deliberately planted
in fields of other edible yams in order to discourage
thieves.
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Special features

A typical analysis of the edible portion of the tubers is:
water 79 per cent; protein 2.78 per cent; fat 0.28 per
cent; carbohydrate 17 per cent; fibre 0.3 per cent; ash
0.72 per cent; calcium 92 mg/100 g; ascorbic acid 6.6
mg/100 g.

The carbohydrate consists mainly of starch, the granules
of which are small, rounded or polyhedral, average size
1-4 microns, with a gelatinisation temperature of 77-
85.5°C. Analysis of the starch of D. dumetorum has been
given as: moisture 13.5 per cent; protein 1.49 per cent;
ash 0.39 per cent; amylose 15 per cent; pH 4.4; iod. val.
3.9. Many forms of D. dumetorum contain a convulsant
alkaloid which is a mixture of stereoisomers of
dihydrodioscorine.
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Major influences

D. dumetorum continues to be of importance in Nigeria,
Cameroon and several central African nations, and a
breeding programme has been started on this species.
Further, it has been shown to be less demanding of
manpower in its cultivation than D. alata and D.
cayenensis.
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Chinese yam (Dioscorea opposita)

Common name

CHINESE YAM

Botanical name

Dioscorea opposita Thunb. (Enantiophylilum).
Family

Dioscoreaceae.
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Other names

Chinese potato, Cinnamon vine, Igname de Chine (Fr.);
Name (de) Chino (Venez.).

Botany

The vine stems are round, spineless and climb to a
height of about 3 m twining anticlockwise (to the right).
The leaves are opposite, acuminate, 4-8 cm long. Bulbils
are formed in the leaf axils. The flowers are cinnamon-
scented, sessile in 1-2 simple raceme-like spikes from
the axils.

The tubers are variable in form but are often spindle-
shaped and long, reaching I m, descending vertically
into the ground; some cultivars have been selected for
shorter and thicker tubers.
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Origin and distribution

D. opposita is a native of China and widely grown there
and in Japan, Korea and the Ryukyu Islands. It is
subtropical and can tolerate much colder conditions,
including frost, than most yam species. It was grown
experimentally in Europe during the 19th century at the
time of the potato famine, and is still grown in France to
supply the immigrant food market.

Cultivation conditions

Chinese yam requires a good supply of moisture and
fertile soil and responds to the application of fertiliser.
In Japan it is estimated that for optimum yields 394
kg/ha of nitrogen, 296 kg/ha of phosphorus and 350
kg/ha of potassium are required.
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This species requires day-lengths of 10-11 hours for
tuberisation.

Planting procedure

In Japan pieces of tuber weighing approximately 280 g
are cut into four pieces and after disinfection with
formalin are planted in ridges 80 cm apart with 36 cm
between the yam setts. Higher yields are obtained if the
setts are first germinated in warm seed beds to the
stage when the adventitious bud appears as a small
knob. The usual planting rate is about 2 750 kg/ha.
Bulbils are sometimes used, but these may take 3 years
to produce an economic yield of tubers.

Growth period
When setts are used the tubers are ready for harvesting
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in about 6 months.

Harvesting and handling

A wooden digging stick is widely used for harvesting the
long cylindrical tubers; the shorter, thicker tubers can
be lifted by forking. In Japan most of the crop is
consumed almost immediately after harvesting, but the
tubers can be stored successfully in clamps, and cold
storage units are used for storing part of the crop.

Primary product

Tubers-occur in three recognized forms in Japan: thin
cylindrical tubers often measuring I m in length, known
as Naga-imo; a palmer form known as Icho-imo; and a
globular form known as Tsukune-imo. Naga-imo is
grown throughout the islands, but the other forms are
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grown only in the warmer regions.

Yield

Typical yields from Japan have been reported as 2.25
t/ha.

Main use

The tubers are eaten as a vegetable, usually by slicing or
grating and boiling, but sometimes they are ground to
make 'tororo’, a traditional Japanese dish.

Subsidiary uses

In Japan about 50 per cent of the Chinese yams are used
as a raw material in the preparation of various food
products, such as pastry, beanjam bun, fish paste and
yam flour.
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Special features

A typical analysis of the edible portion of the tubers is:
water 70-80 per cent; protein 1.11-3.1 per cent; fat
0.06-1.1 per cent; carbohydrate (mainly starch) 16-29
per cent; fibre 0.33-1 per cent; ash 0.69-1.1 per cent.

The starch consists mainly of fairly large granules (5-60
microns) and the gelatinisation temperature is from
65.5° to 75.5°C. Seventeen amino acids have been
isolated from the tubers, which have been found to have
a high tryptophan and serine content. Stored tubers
when cut or grated, rapidly discolour and it has been
suggested that field spraying with maleic hydrazide will
suppress browning of the tubers which is due to the
presence of polyphenolic compounds. Unlike most other
yam species grown in Japan, the tubers of D. opposita
do not contain any sapogenins.

D:/cd3wddvd/NoExe/.../meisterl2.htm 205/418



19/10/2011 meisterl2.htm
Major influences

There is a growing demand for yam flour produced by
modern freeze-drying methods in Japan and production
of D. opposita is reported to be expanding.
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Cush-cush yam (Dioscorea trifida)

Common names

CUSH-CUSH YAM, India yam, Mapuey yam, Yampee.
Botanical nhame

Dioscorea trifida L. syn. D. brasiliensis Willd.
(Macrogynodium).

Family

Dioscoreaceae.
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Other names

Ajale (Cuba); Bell yam (Guy.); Car doce, Car mimosa
(Braz.); Couche couche (W.l.); Cousse couche blanche
(Mart.); Igname Indienne (Ant.); Name de la India (C.
Rica); ame morado, ame vino (P. Rico); Name ycampi
(C. Am.); Yampi(e) (W.L.).

Botany

Normally, 5-8 stems arise from the base of the plant,
each with 2-8 membranous wings (sometimes absent on
young stems). Twining is clock wise. The leaves are
alternate (rarely opposite), deeply divided into 3-7
lobes, but not into separate leaflets. They are large,
measuring about 15-25 cm long and broad. The petiole
is long with wings continuous with the leaf blade. The
male flowers are small, borne in racemes or panicles
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reaching 80 cm in length. The female flowers are in
racemes, up to 20 cm in length, and are 12-14 mm long,
with a long inferior ovary. Seed sets freely. The tubers
are clustered at the base of the plant as the terminal
enlargement of (usually) short stolons. These vary in
number from 5 to 50 per plant and are commonly
spherical to club-shaped but differ consider ably in form
and are usually 15-20 cm long.

Origin and distribution

This species is believed to have originated in the Guyana
region of South America, and is now cultivated
throughout the northern parts of South America and the
Caribbean Islands (to which it was taken by the
Arawaks), as far north as the Greater Antilles. It is by
far the most important of the indigenous American
yams. It has not been successfully introduced into other
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parts of the tropics except Sri Lanka and New Caledonia,
where it is grown on a small scale. In recent years it has
received intensive study in Guadeloupe.

Cultivation conditions

D. trifida developed under equatorial conditions where
rainy seasons are long and day-length changes minimal,
and the growth season of this plant (10-11 months) is
not as closely related to annual cycles as is the growth
season of many other species. It may therefore be
grown not only in equatorial regions but also where
there are very distinct wet and dry seasons, if irrigation
is provided. Heavy rainfall can be tolerated, but not
flooding. A range of soils may be used but, unless they
are rich in organic material, fertilising is required: 120-
150 kg/ha each of nitrogen, phosphorus and potassium
have given high yields in trials in the Caribbean.
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Planting procedure

Material-usually small whole tubers are used, but these
are more likely to be affected by disease than small cut
pieces of whole tubers, which have been treated with
benomyl. Seed may also be used. Stem cuttings are not
normally successful.

Method-the tubers (or pieces) are planted in hills or
ridges, which should be kept moist after planting if
rainfall is inadequate. Seed is planted in nurseries with
good drainage and aeration, and transplanted when
twining stems arise. When the plants have begun to
grow, long (2.5-3 m) stakes are normally used for the
vines, but recent work in Guadeloupe suggests that
staking may not be essential for good yields.

Time of planting-normally at the start of or just before
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the rainy season. With year-round rains or supplemental
irrigation, year-round planting is possible.

Field spacing-50 x 50 cm-80 x 80 cm (about 40 000-15
000 plants/ha) is recommended.

Pests and diseases

In most cases there are no problems from pests and
diseases, but occasionally serious problems may occur.
Heavy nematode infestation can cause root damage or
cracking, pitting or gall formation on tubers.
Meloidogyne incognita and Pratylenchus coffeae have
been implicated. Mealy bugs (Planococcus citri and
Phenacoccus gossypii) can kill individual stems or the
whole plant: clean or treated planting material is
important for control. A virus condition, appearing as a
leaf mosaic, causes stunting and distortion of the plant
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and ultimately reduction or loss of tubers. Destruction
of diseased plantings is recommended and planting
material should never be taken from affected areas.

Weeds are usually a serious problem: a pre-emergence
spray with atrazine at 2.5-3 kg/ha gives good control
until emergence; subsequently hand-weeding or
shielded sprays of paraquat have been used, though
when staking is not used the rapid growth cover formed
by the plant minimises weed growth.

Growth period

10-11 months, after which the foliage of the plant dies
back.

Harvesting and handling

The tubers are normally dug by hand and care must be
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exercised to avoid damage. Mechanical harvesting is
being developed with cultivars specially bred for this
purpose. Storage life is normally short under tropical
conditions, 1-8 weeks before sprouting: loss in weight
during storage is rapid (over I per cent per day), and
fungal rots and insects may cause severe damage even
during such short periods. However, tubers treated
against insects and fungi with malathion and benomyl
(permitted for grain storage), and stored in a cool dark
room, have been maintained in good condition for long
periods (up to one year has been claimed). This species
appears not to be liable to chilling injury, so refrigerated
storage might be a possibility, but this aspect needs
further investigation.

Primary product

Tubers-which have relatively thin skins and flesh that
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varies in colour from white, yellow, pink to purplish.
They have a richer flavour than most yams.

Yield

Commercial yields of about 15 t/ha are normal, although
in virus-affected areas they may be as low as 1-2 t/ha.
However, recent experimental selection and breeding
work in Guadeloupe has produced plants that yielded up
to 55 t/ha.

Special features

Few analyses of the tubers have been done but the
following composition has been reported: protein 2.54
per cent; (6.4-7.6 per cent on dry weight basis); fat 0.44
per cent; carbohydrate 38 per cent. The carbohydrate
con sists mainly of starch of granule size ranging from
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10 to 65 microns. The ascorbic acid content is

approximately 5.5 mg/100 g edible portion, but it is
reported to be rapidly lost during storage.

Major influences

The high acceptability of this species suggests a
potential for increasing use, especially where year-
round production is possible. The plant's sexual fertility
holds potential for improvement that is already being
realised.
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Greater yam (Dioscorea alata)
Common names

GREATER YAM, Greater Asiatic yam, Ten months yam,
Water yam, Winged yam.

Botanical name
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Dioscorea alata L. (Enantiophyllum).

Family
Dioscoreaceae.

Other names

Ambi (N. Guin.); Avase (Togo); Batatilla (Ang.);
Bobayassi (W. Afr.); Cabeza de negra (Col.); Car de
Angola, Car branco, Car cultivado, Car inhama (Braz.);
Couche couche (Lat. Am.); Cucam, Cucui-mo (Viet.);
Dandaba (Sen.); Gbara-gu (Guin.); Goradu (Assam);
Huwi (Sud.); Igname aile (Gab.); Igname de Chine (Fr.);
Kachil, Katula, Khanulu (Ind.); Khoai-mo (Viet.); Kiseba
(Ug.); Kuvi (Pacif. Is.); Lisbon yam (W.l.); Name
asiatico (Venez.); ame blanco (C. Rica); Name chino
(Cuba); Name de ague (Venez.); Name de mine (P.
Rico); Name grande (Venez.); Nangate (Mex.); Obbi,
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Oewi, Oowi kelapa (Indon.); Ovy (Mal.); Pacala (Fr.);
Ratula, Sakourou (Ind.); Tus (C. Rica); Ubi (Philipp.);
Ubi kemali (Mal.); Uwi (Indon.); White Manila yam

(Philipp.).
Botany

A large climber, which can reach 15 m in height, with
quadrangular winged stems, twining is anticlockwise (to
the right). Leaves opposite, variable in size and shape,
but essentially ovate to cordate with a deep basal sinus,
acuminate. The male flowers are borne on panicles, up
to 30 cm long; the female flowers are on small axillary
spikes. Few cultivars produce fertile seed and most are
completely sterile. Bulbils are sometimes formed in leaf
axils, but not so freely as with certain other species. The
tubers are usually single and show a great deal of
variation in size, shape and colour: they are generally
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cylindrical but may be long and serpentine to almost
globular, and are often branched or lobed, or even
flattened and fan-shaped. Their weight is usually 5-10
kg though special cultivation can produce giant tubers
of 60 kg or more. The flesh of some cultivars can be pink
or even deep reddish-purple and these forms have been
classified as D. purpurea Roxb. and D. afropurpurea
Roxb. but this is not generally accepted.

Origin and distribution

D. alata is not known in the wild state but appears to
have been developed from native species originating in
the Assam-Burma region, by selection from deeper-
rooting forms. Subsequently, it was spread through
Thailand and Vietnam into the Pacific region, westwards
and southwards to India and Malaysia and thence
apparently to Madagascar and East Africa, later to be
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taken by the Portuguese and Spaniards to West Africa,
northern South America and the Caribbean; in the
eastern Caribbean and in the Pacific it is the most
popular species of yam. It is cultivated throughout the
tropical world.

Cultivation conditions

Rainfall-for optimum yields rainfall of 150 cm evenly
distributed over 6-7 months is required, though it will
perform moderately well on 100 cm.

Soil-D. alata will tolerate poorer soils than most other
species of yam, but it responds well to fertilising. In
India FYM at the rate of 25 t/ha has been recommended.
In Barbados, where the crop is frequently grown as a
rotation crop with sugar cane which has been fertilised
with a 22:0:22 NPK mixture, yields of about 10 t/ha are
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normal, but additional fertilising with NPK at the rate of
nitrogen 22 kg, phosphorus 25 kg and potassium 57 kg
per hectare gave significant and economic increases in
yield. Smaller increases were given when phosphorus
was omitted Application should be about 10 weeks after
planting, when the plant is completing its dependence
upon the parent sets.

Altitude-it is usually cultivated at low or medium
elevations, but is grown as high as 2 700 m in India.

Day-length - a day-length of less than 12 hours is
required for tuberisation.

Planting procedure

Material-normally setts with two or three sprouts,
occasionally small whole tubers are used. In Barbados,
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small pieces of approximately 100 g are usually cut from
stored yams and are often dried for several hours before
planting. Owing to the incidence of virus infections, a
virus-free planting material has been developed by
meristem culture in the West Indies; virus-tested
planting material is currently being multiplied and
commercially grown in Barbados and is on trial
throughout the eastern Caribbean.

Method-the setts are usually planted by hand on mounds
or ridges, being placed in holes 5-10 cm deep. Recently,
mechanical planting has been developed in Barbados for
planting on ridges. It is important to keep the crop
weed-free for the first 3 months. The use of pre-
emergence herbicides has been suggested: eg atrazine
at 1.5-3 kg/ha to which TCA 5 kg/ha may be added on
heavy soils to improve grass control, and chloramben at
3-6.5 kg/ha. After emergence, dalapon at 5 kg/ha may
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be applied for grass control, provided a shield is used. If
the yams are not staked, complete ground cover is
attained 3-4 months from sprouting and weeds are
virtually eliminated.

Field spacing-when grown under monoculture, plantings
on ridges 1.7 m apart, with 0.75-1 m between the plants
is recommended, since at these spaces the vines need
not be staked. Closer spacing can be used in areas of
low rainfall.

Seed rate-in India, approximately 1 400 kg/ha of setts
are used, in Barbados 650 kg/ha.

Pests and diseases

In addition to yam beetles and scale insects (see Yam)
the larvae of three species of Lepidoptera attack the
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greater yam; they are Loxura atymnus, Theretra nessus
and Tagiades gana. The first named is the most
destructive as, after initially feeding on the leaves, the
larvae attack the stems, often causing them to break off.
D. alata is also susceptible to attack by the yam
nematode, Scutellonema bradys.

One of the most troublesome diseases affecting this
species is anthracnose caused by Colletotrichum
gloeosporioides, sometimes in association with other
fungi, notably Botryodiplodia and Fusarium spp.; crop
losses can sometimes amount to 70-80 per cent, but
spraying at 10 day intervals with zineb or ferbam is
stated to be effective. Leaf spot, due to Cercospora spp.,
is reported to be serious in Sri Lanka. In Guadeloupe
crown-gall, a bacterial condition caused by
Agrobacterium tumefaciens, has been observed. An
internal brown spot has caused serious losses in yams
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exported from Barbados; this has been traced to a virus
infection which also leads to considerable reduction in
vield (see Yam).

Growth period

Maturity is normally reached in 9-10 months, though
some 'early' varieties can be harvested at about 6
months.

Harvesting and handling

Harvesting is normally done manually by forking, though
owing to the size and irregular shape of the tubers of
many cultivars damage is often high, in the order of 20-
25 per cent of the tubers. Recent developments in the
Caribbean have led to the production of a mechanical
harvester and a reduction in damaged tubers to about 8
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per cent.

Storage under ambient tropical conditions is normally
for 4-6 months. If the tubers are sound, storage is
terminated by the breaking of dormancy: if sprouts are
removed as they develop storage may be extended to
about 8 months.

Primary product

Tubers-normally large, weighing 5-10 kg, usually
basically cylindrical but extremely variable: eg the
common '"White Lisbon' of the Caribbean tends to be
broad and lobed at the distal end; the 'Coconut Lisbon’
is ovoid, the 'Hunt' cultivar is elongated and relatively
narrow, much prized for roasting. A great variety of
cultivars exists near the South-East Asian centre of
origin. The skins are thick and dark and the flesh may be
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white, pink or purplish. The tubers of D. alata have a
definite period of dormancy of 2-4 months, which may
be broken by treatment with ethylene chlorhydrin.

Yield

Yields vary widely, but the following average farm yields
have been reported: Malaysia 42.5 t/ha; Trinidad 46.8
t/ha; St. Vincent 57.5 t/ha

Fiji 25.2 t/ha; Barbados 5-6 t/ha.

Main use

Used mainly as a vegetable, similarly to the potato, and
some cultivars can be used to make French fries and
chips, claimed to be superior to similar potato products.
Although it is the preferred yam in many parts of the
tropics, especially by those accustomed to European
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dietary habits, it is less highly regarded in West Africa,
because it is not suitable for the preparation of 'fufu’.

Subsidiary uses

In several countries, eg the Philippines, Barbados and
Puerto Rico, attempts are being made to develop
processed products such as yam flakes or powder from
surplus supplies of D. alata. Coloured cultivars have
been utilised as a colouring and flavouring agent for ice
cream.

Secondary and waste products
Badly-damaged tubers are often fed to pigs.
Special features

A typical analysis of the edible portion of the tubers is:
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water 65-73 per cent; protein 1.12-2.78 per cent; fat
0.03-0.27 per cent; carbohydrate 22-29 per cent; fibre
0.65-1.4 per cent; ash 0.67-2.06 per cent.

The starch contains a high proportion of fairly large
granules: sizes ranging from 5 to 50 microns have been
reported. The gelatinization temperature ranges from
69° to 88°C and the viscosity from 100 to 200 Brabender
units. Unlike most other yam species, starch from D.
alata has a high gel strength. Starch from white-fleshed
and purple-fleshed cultivars have similar typical
composition averaging: moisture 13.6 per cent; protein
0.14 per cent; ash 0.22 per cent; amylose 21.1 per cent;
reducing sugars 0.18 per cent; pH 7.1; iod. val. 5.5.
Ascorbic acid contents ranging from 4.9 to 8.2 mg/100
g of edible portion have been reported, while certain
cultivars in the South Pacific have been found to contain
6 mg/100 g of carotene. Three anthocyanins have been
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isolated from D. alata var. atropurpurea and rubella and
found to be cyanidin glycosides.

Processing

Yam flakes-dehydrated yam flakes may be prepared
from the tubers by Iye or hand peeling (average losses,
depending upon condition of yams, 15-35 per cent),
slicing into I cm thick pieces, cooking in water or steam
until soft, ricing (to avoid breaking the cell walls and so
releasing starch which would give a glutinous texture to
the reconstituted product), gently mixing to a slurry and
dehydrating on a single drum dryer with suitably spaced
applicator rolls. The resulting product of about 4 per
cent moisture content is packed in plastic bags and has
a storage life of 2 years or more under ambient tropical
conditions; it reconstitutes to a mashed yam.
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Powder-an acceptable yam powder, suitable for
blending into food products, can be prepared by cooking
unpeeled tubers, then peeling, grating and drying at
50°C to 10 per cent moisture.

Production and trade

No figures are available for the production of D. alata
separately from other yams. There has been a small
export trade in D. alata from some of the Caribbean
islands to the UK since the early 1960s. In 1968
approximately I 000 t of tubers of D. alata were
exported from Barbados, but the occurrence of chilling
injury at the receiving point, and the incidence of
internal black spot (virus), reduced the trade almost to
zero. However, the recent production of virus-free yams
has allowed the trade to re-start, and in 1982 Barbados
exported 116 t (to the UK and other West Indian

D:/cd3wddvd/NoExe/.../meisterl2.htm 236/418



19/10/2011 meister12.htm

territories), and in the first half of 1983, 324 t of which
272 t were to the UK market.

Major influences

D. alata is the world's most popular yam after the D.
rotundata/cayenensis complex, and appears to have
held its place. Although traditional methods of
production (especially in Africa) are more costly in
manpower than for other yams, the introduction of
complete field mechanisation, which is now a reality,
should reduce production costs and make this crop more
competitive as a tropical carbohydrate food and also
enable it to maintain or improve its position on the
export market.

Bibliography

D:/cd3wddvd/NoExe/.../meisterl2.htm 237/418



19/10/2011 meister12.htm

AFABLE, L. A. 1970. The preparation of ubi powder.
Philippine Journal of Plant Industry, 35 (1 -2), 19-25.

BERWICK, J., CHAND, D. and QALIBOKOLA, J. 1972. Yam
(Dioscorea alata) planting rate, staking, variety and
palatability trials. Fiji Agricultural Journal, 34 (2), 44-
50.

CAMPBELL, J. S., CHUKWUEKE, V. O., TERIBA, F. A. and
HO-A-SHU, H. V. S. 1962. Some physiological
investigations into the white Lisbon yam (Dioscorea
alata L.) I The breakage of the rest period in tubers by
chemical means. Empire Journal of Experimental
Agriculture, 30, 108-114; Some physiological
investigations into the white Lisbon yam (Dioscorea
alata L.). II. Growth period and out-of-season
production. Empire Journal of Experimental Agriculture,
30, 232-238; Some physiological experiments with the

D:/cd3wddvd/NoExe/.../meisterl2.htm 238/418



19/10/2011 meister12.htm
white Lisbon yam (Dioscorea alata L.) in Trinidad. III
The effect of chemicals on storage. Empire Journal of
Experimental Agriculture, 30, 335-344.

CHAPMAN, T. 1965. Some investigations into factors
limiting yields of the white Lisbon yam (Dioscorea alata
L.) under Trinidad conditions. Tropical Agriculture,
Trinidad, 42, 145- 151.

CIBES, H. R. and ADSUAR, J. 1966. Effects of
chlorethanol and thiourea on the germination and
relative yield of the yam (Dioscorea alata L.). Journal of
Agriculture of the University of Puerto Rico, 50, 201-
208.

COURSEY, D. G. 1967. Internal brown spot-a condition
of yams in Barbados. Journal of the Agricultural Society
of Trinidad and Tobago, 67, 473-482.

D:/cd3wddvd/NoExe/.../meisterl2.htm 239/418



19/10/2011 meister12.htm

COURSEY, D. G. 1967. Yams. London: Longmans, Green
and Co. Ltd, 230 pp.

COURSEY, D. G. 1968. Low temperature injury in yams.
Journal of Food Technology, 3, 143-150.

COURSEY, D. G. 1983. Yams. Handbook of tropical foods
(Chan, H. C. (Jr.), ed.), pp- 555-601. New York: Marcel
Dekker, 639 pp.

COURSEY, D. G. and MARTIN, F. W. 1970. The past and
future of the yams as crop plants. Tropical Root and
Tuber Crops Tomorrow: Proceedings of the 2nd
International Symposium on Tropical Root and Tuber
Crops (Hawaii, 1970) (Plucknett, D. L., ed.), Vol. 1, pp.
87-90. Honolulu, Hawaii: College of Tropical Agriculture,
University of Hawaii, 171 pp. (2 vole).

D:/cd3wddvd/NoExe/.../meisterl2.htm 240/418



19/10/2011 meister12.htm
FERGUSON, T. U. and HAYNES, P. H. 1970. The response
of yams (Dioscorea spp.) to nitrogen, phosphorus,
potassium and organic fertilizers. Tropical Root and
Tuber Crops Tomorrow: Proceedings of the 2nd
International Symposium on Tropical Root and Tuber
Crops (Hawaii, 1970) (Plucknett, D. L., ed.), Vol. 1, pp.
93-96. Honolulu, Hawaii: College of Tropical Agriculture,
University of Hawaii, 171 pp. (2 vole).

GONZLEZ, M. A. and COLLAZO DE RIVERA, A. 1972,
Storage of fresh yams (Dioscorea alata) under
controlled conditions. Journal of Agriculture of the
University of Puerto Rico, 56, 45-56.

GOODING, E. G. B. 1970. The production of yams in
Barbados. Tropical Root and Tuber Crops Tomorrow:
Proceedings of the 2nd International Symposium on
Tropical Root and Tuber Crops (Hawaii, 1970)

D:/cd3wddvd/NoExe/.../meisterl2.htm 241/418



19/10/2011 meisterl2.htm
(Plucknett, D. L., ed.), Vol. 1, pp. 97-99. Honolulu,
Hawaii: College of Tropical Agriculture, University of
Hawaii, 171 pp. (2 vole).

GOODING, E. G. B. 1971. Effects of fertilising and other
factors on yams in Barbados. Experimental Agriculture,
7, 315-319.

GOODING, E. G. B. 1972. The production of instant yam
in Barbados. Part 1: Process development. Tropical
Science, 14, 323-333.

GOODING, E. G. B. and HOAD, R. M. 1967. Problems of
yam cultivation in Barbados. Proceedings of the
International Symposium on Tropical Root Crops
(Trinidad, 1967) (Tai, E. A., Charles, W. B., Haynes, P.
H., Iton, E. F. and Leslie, K. A., eds), Vol. 1, Section 111,
pp.- 137-148. St. Augustine, Trinidad: University of the

D:/cd3wddvd/NoExe/.../meisterl2.htm 242/418



19/10/2011 meister12.htm

West Indies (2 vole).

HAQUE, S. Q. and CHANDLER, F. 1981. Virus-tested yam
tuber multiplication project: Annual Report 1981. St.
Augustine, Trinidad: Caribbean Agricultural Research
and Development Institute, 14+v pp.

HAQUE, S. Q. and CHANDLER, F. 1982. Virus-tested yam
tuber multiplication project: Annual Report 1982, St.
Augustine, Trinidad: Caribbean Agricultural Research
and Development Institute, 14+Xx)x pp.

IMBERT, M. P. and SEAFORTH, C. 1968. Anthocyanins in
Dioscorea alata. Experientia, 24, 445-447.

KASASIAN, L. 1971. Root crops: Dioscorea alata. Weed
control in the tropics, pp. 157-158. London: Leonard Hill
Books, 307 pp.

D:/cd3wddvd/NoExe/.../meisterl2.htm 243/418



19/10/2011 meister12.htm
LON, J. 1977. Origin, evolution and early dispersal of
root and tuber crops. Proceedings of the 4th Symposium
of the International Society for Tropical Root Crops
(Colombia, 1976), IDRC-080e (Cock, J., MacIntyre, R.
and Graham, M., eds), pp. 20-36. Ottawa, Canada:
International Development Research Centre, 277 pp.

LYONGA, S. N. 1981. The economics of yam cultivation
in Cameroon. Tropical Root Crops: Research Strategies
for the 1980s: Proceedings of the 1st Triennial Root
Crops Symposium of the International Society for
Tropical Root Crops-Africa Branch (Nigeria, 1980),
IDRC-163e (Terry, E. R., Oduro, K. A. and Caveness, F.,
eds), pp- 208-213. Ottawa, Canada: International
Development Research Centre, 279 pp.

MANTELL, S. H. and HAQUE, S. Q. 1979. Disease-free
yams: their production, maintenance and performance.

D:/cd3wddvd/NoExe/.../meisterl2.htm 244/418



19/10/2011 meister12.htm
Yam Virus Project Bulletin, No. 2. St. Augustine,
Trinidad: Caribbean Agricultural Research and
Development Institute, 22 + vii pp.

MANTELL, S. H., HAQUE, S. Q. and WHITEHALL, A. P.
1979. A rapid propagation system for yams. Yam Virus
Project Bulletin, No. 1. St. Augustine, Trinidad:
Caribbean Agricultural Research and Development
Institute, 19 pp.

MANTELL, S. H.,, HAQUE, S. Q. and WHITEHALL, A. F.
1980. Apical meristem tip culture for eradication of
flexous rod viruses in yams (Dioscorea alata). Tropical
Pest Management, 26, 170-179.

MARTIN, F. W. 1976. Tropical yams and their potential.
Pt. 3 Dioscorea alata. United States Department of
Agriculture, Agriculture Handbook, No. 495.

D:/cd3wddvd/NoExe/.../meisterl2.htm 245/418



19/10/2011 meister12.htm

Washington, DC: USDA Agricultural Research Service, 40
PP-

MARTIN, F. W. and RHODES, A. M. 1973. Correlations
among greater yam (Dioscorea alata) cultivars. Tropical
Agriculture, Trinidad, 50, 183-192.

MARTIN, F. W. and RUBERTE, R. 1972. Yam (Dioscorea
spp.) for production of chips and French fries. Journal of
Agriculture of the University of Puerto Rico, 56, 228-
234.

NADAKAL, A. M. and THOMAS, N. 1967. Observations of
nematodes associated with dry rot of Dioscorea alata L.
Science and Culture, 33 (3), 142-143.

NWANKITI, O. A. 1982. Symptomatology, aetiology and
incidence of a leaf disease of yam (Dioscorea spp.)

D:/cd3wddvd/NoExe/.../meisterl2.htm 246/418



19/10/2011 meister12.htm
originally called 'Apollo’' Disease. Yams: Ignames (Mige,
J. and Lyonga, S. N., eds), pp. 274-279. Oxford: Oxford
University Press, 411 pp.

NWANKITI, O. A. and OKPALA, E. U. 1981. Anthracnose
of water yams in Nigeria. Tropical Root Crops: Research
Strategies for the 1980s: Proceedings of the 1st
Triennial Root Crops Symposium of the International
Society for Tropical Root Crops-Africa Branch (Nigeria,
1980),

IDRC-163e (Terry, E. R., Oduro, K. A. and Caveness, F.,
eds), pp- 166-172. Ottawa, Canada: International
Development Research Centre, 279 pp.

RASPER, V. and COURSEY, D. G. 1967. Anthocyanins of
Dioscorea alata L. Experientia, 23, 611-612.

D:/cd3wddvd/NoExe/.../meisterl2.htm 247/418



19/10/2011 meister12.htm
RASPER, V. and COURSEY, D. G. 1967. Properties of
starches of some West African yams. Journal of the
Science of Food and Agriculture, 18, 240-244.

RHODES, A. M. and MARTIN, F. W. 1972. Multivariate
studies of variations in yams (Dioscorea alata L.).
Journal of the American Society for Horticultural
Science, 97, 685-688.

RIVERA-ORTIZ, J. M. and GONZLEZ, M. A. 1972. Lye
peeling of fresh yam Dioscorea alata. Journal of
Agriculture of the University of Puerto Rico, 56, 57-63.

ROYES, W. V. 1967. Yield trials with Dioscorea alata.
Proceedings of the International Symposium on Tropical
Root Crops (Trinidad, 1967) (Tai, E. A., Charles, W. B,,
Haynes, P. H., Iton, E. F. and Leslie, K. A., eds), Vol. 1,
Section 1, pp. 144-151. St. Augustine, Trinidad:

D:/cd3wddvd/NoExe/.../meisterl2.htm 248/418



19/10/2011 meister12.htm

University of the West Indies (2 vole).

SASTRAPRADJIJA, S. 1982. Dioscorea alata: its variation
and importance in Java, Indonesia. Yams: Ignames
(Mige, J. and Lyonga, S. N., eds), pp.- 44-49. Oxford:
Oxford University Press, 411 pp.

SINGH, R. D. and PRASAD, N. 1966. Efficacy of different
fungicides for control of anthracnose of Dioscorea alata.
Plant Disease Reporter, 50, 385-387.

WAITT, A. W. 1963. Yams, Dioscorea species. Field Crop
Abstracts, 16, 145-157.

Intoxicating yam (Dioscorea hispida)

Common names

INTOXICATING YAM, Karukandu, Nam.
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Botanical name

Dioscorea hispida Dennst. (Lasiophyton).
Family

Dioscoreaceae.

Other names

Gado(e)ng, Gadong mabok (Mal.); Kalt (Philipp.); Killoi,
Koi (Thai.); Maranpash poll (Ind.); amo (Philipp.);
Palidumpa, Pashpoli (Ind.).

Botany

D. hispida is a climber usually with a prickly stem, 6-10
mm in diameter, varying from glabrous to pubescent
with fine white to brown hairs. Twining is clockwise (to
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the left). The leaves are trifoliate with oval to obovate
leaflets, about 10 cm long by 8 cm broad, hairy, with
small prickles on the underside of the main vein. Male
flowers are in large, branched inflorescences; the female
inflorescences are unbranched. The tubers are large,
weighing 5-15 kg, roughly globose but deeply lobed,
pale skinned, but covered with masses of fibrous roots:
they are produced near the soil surface and are
extremely poisonous.

Origin and distribution

This species grows wild in South-East Asia and
Indonesia, and extends to Papua New Guinea and the
Philippines and India. It is not cultivated to any great
extent, though some cultivation is practiced in Java.

Cultivation conditions
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D. hispida thrives in tropical rain forest conditions. It
usually grows at relatively low elevations, less than 500
m, though it has been reported growing at altitudes up
to 1 200 m in the Himalayas.

Planting procedure

As noted above, the plant is infrequently cultivated.
When cultivation is practiced propagation is often by
planting pieces of tuber in prepared mounds (see Yam).

Growth period
Maturity is normally reached in about 12 months.
Harvesting and handling

The tubers are usually lifted by hand with a digging stick
or fork. It has been reported that if the tubers are
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exposed to temperatures below about 10°C, subsequent
growth is adversely affected.

Primary product

Tubers-which have white or pale-yellow, starchy, highly
toxic flesh.

Yields

In cultivation, yields of about 20 t/ha have been
reported.

Main use

As a famine food-the tubers, growing near the surface,
are easily accessible. Detoxification is essential and one
method is to cut the tubers in pieces, cover the surface
with wood ashes for 24 hours, then steep in sea water
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for several days, wash with fresh water, and dry. The
process is repeated several times. Another method is to
dry the slices mixed with ashes. A third is to salt the
pieces of tuber and then press under water until no
whitish sap remains. After detoxification the yams are
usually tested by feeding to dogs or other domestic
animals.

Subsidiary uses

The possibility of using the tubers as a source of starch
has been considered, but so far appears not to have
been commercially developed.

Secondary and waste products

The tubers are sometimes used to prepare poisons. The
pounded tubers are also used in parts of Asia in local
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medicine for the treatment of open wounds. It has been
suggested that the residue left after starch extraction
could be used as an insecticide.

Special features

Tubers-an approximate analysis of the tubers has been
given as: water 78 per cent; protein 1.81 per cent; fat
0.16 per cent; carbohydrate 18 per cent; fibre 0.93 per
cent; ash 0.69 per cent. On a dry weight basis the tubers
contained 0.2-0.7 per cent diosgenin and 0.044 per cent
of the toxic alkaloid dioscorine.

Flour-the average composition of the flour extracted
from the tubers was given as: protein 5.28 per cent; fat
0.23 per cent; starch 88.34 per cent; fibre 5.33 per cent;
ash 0.66 per cent. It is suitable for both edible and
industrial purposes and can be used for the manufacture
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of glucose. Starch granules from Indian tubers are non-
stratified and oval-shaped, with an average longitudinal
diameter of 35-40 microns and a gelatinisation
temperature of 85°C. Starch from D. hispida differs from
cassava and potato starches in that its viscosity does
not fall appreciably after prolonged heating.

Processing

The following method is suggested for the preparation
of flour or starch from D. hispida tubers.

(i) The tubers are thoroughly washed in clean water,
either by hand or mechanically, to remove adhering soil,
etc.

(ii) The tubers are mashed with water; a potato rasping
machine is suitable for the preparation of flour, but for
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the production of starch, the tubers must be ground
very finely in order to rupture the cell walls and liberate
the starch granules.

(iii) In order to detoxify the material, the pulp is treated
with lime water containing potassium permanganate;
usually lime water equivalent to five times the weight of
tubers and containing 0.005 per cent of potassium
permanganate, is used. Any excess potassium
permanganate is removed by treating the starch milk
with sulphur dioxide.

(iv) The starch is allowed to settle out and is then
washed and centrifuged as in the manufacture of sweet
potato starch.

In the Philippines it has recently been suggested that
starch or flour could be produced on a commercial scale
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by extracting the tubers with 95 per cent alcohol
followed by treatment with 5 per cent sodium chloride
or acidified water.

Major influences

Production of D. hispida is normally scattered over a
large area so that the large-scale commercial production
of starch from this yam is not likely to be economically
viable.
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Lesser yam (Dioscorea esculenta)
Common names
LESSER YAM, Asiatic yam, Lesser Asiatic yam.

Botanical name
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Dioscorea esculenta (Lour.) Burk. (Combilium).

Family
Dioscoreaceae.
Other names

Apali (Philipp.); Chinese yam (W. Afr. and W.l.); Couche-
couche douce (Mart.); Diba (N. Guin.); Hisu (Fiji);
Igname des blancs (Fr.); Kangar, Karen potato (Ind.);
Kaw(a)i (Fiji); Kizahangu, Kodi (Sri La.); ame asiatico,
Name azucar, ame chino, ame papa, ame pequeno (Lat.
Am.); Pana (Sol. Is.); Potato yam, Sasniali, Sathni,
Silakandom (Ind.); Taitu(kava) (S. Pacif.); Tongo,
Trident yam, Tugi, Tungo (Philipp.); Ufi lei (Pacif. Is.);
Wale, War (N. Cal.).

Botany
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The plant is a vine, seldom climbing to more than 3 m.
The stems are thin, usually 1-3 mm in diameter, and
vary from smooth to prickly. They twine clockwise (to
the left) in climbing. The leaves are alternate, almost
round, but pointed at the tips and deeply lobed at the
base, finely hairy and about 10 cm in diameter. The
petioles are thickened at the base with 4 sharp prickles.
Flowers are rare in most cultivars, but when they occur
are larger than in most other Dioscorea spp. The roots
are fibrous, often more or less prickly, and a former
classification based on the presence or absence of
prickles (var. spinosa and var. fasciculata) is no longer
recognised. The tubers are the swollen ends of stolons
arising from the crown of the plant; each stolon bears
only one tuber. The stolons vary in length from about 5
to 50 cm; the length is a varietal characteristic. About 5-
20 tubers are borne per plant; the number and size of

the tubers is related to the cultivar. They resemble
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rather long and narrow sweet potatoes, but occasionally
may be spindle shaped or branched. Papua New Guinea
cultivars produce very large tubers weighing up to 3 kg:
the Caribbean cultivars weigh 100-200 g and are usually
8-10 cm long and 2.5-5 cm in diameter.

Origin and distribution

D. esculenta is among the most ancient species of the
genus, and its centre of origin is stated by various
authorities as India, Vietnam, or Papua New Guinea and
the Philippines. It has long been domesticated and is
documented as a staple food in southern China from the
2nd and 3rd centuries. Today it is widely distributed
throughout the tropics, but is little used except in
South-East Asia, where it is grown to such an extent
that it ranks third in production and utilisation of yams
after D. rotundata/D. cayenensis and D. alata.
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Cultivation conditions

Temperature-D. esculenta is a plant of tropical forests
and grows best at high temperatures, though this
species may be grown up to about 25°N in southern
China.

Rainfall-optimum yields have been obtained with
moderately high rainfall (175 cm), though satisfactory
yields are reported from areas with 87-100 cm, which is
well distributed throughout the year. Dry periods of
more than about 2 months can lead to death of the
plant.

Soil-sandy soils are not suitable, and very heavy clays
can lead to misshapen tubers. Good drainage is essential
and a high level of organic matter greatly improves
growth. There is little information on the use of
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fertilisers in the Far East but experiments in Trinidad
have shown that nitrogen produces a positive response
in the earlier part of the growth cycle, but depresses
vield if applied late; potassium is needed especially
during tuberisation; phosphate is seldom a limiting
factor. A general recommendation is 400 kg/ha of an
11:11:33 NPK mixture applied 6-8 weeks after planting.

Altitude-low or medium altitudes are best, though
satisfactory growth at levels of up to 900 m has been
reported from northern India.

Planting procedure

Material-small whole tubers of 55-85 g weight are
recommended.

Method-the tubers are planted in mounds or in ridges,
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8-12 cm below the surface of the ground. Atrazine at 3

kg/ha has been successfully used as a pre-emergence
herbicide, and a shielded spray of paraquat at 3
litres/ha is recommended for the later control of weeds.
Staking is commonly used and has been shown to
double the yield obtained when the vines are unslaked,
though the plant is stated to give satisfactory results
without staking.

Field spacing-recommended spacings vary, though 90 x
90 cm appears to be the most common for mounds, and
from 90 to 130 cm in ridges I m apart: at the latter

spacing about 2 000 kg/ha of seed tubers are required.

Pests and diseases

The yam nematode, Scutellonema bradys, and the root
knot nematode, Meloidogyne sp., are both reported as
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serious pests in some areas. Selection of nematode-free
tubers for planting and avoidance of nematode-infested
soils are important precautionary measures.

Fungal diseases of the aerial parts are rare, but the
tubers may be affected by certain fungi, eg
Botryodiplodia theobromae, Lasiodiplodia sp. and
Fusarium spp. The foliage often shows virus symptoms;
it is thought that virus is always present and is
tolerated, though virus-free material might well yield
better.

Growth period

In Fiji the crop is reported to mature in 6-7 months, in
Malaysia 8-9 months and in the West Indies 10 months.

Harvesting and handling

D:/cd3wddvd/NoExe/.../meisterl2.htm 269/418



19/10/2011 meister12.htm
The tubers are thin-skinned and succulent, and easily
damaged during harvesting: lifting is normally done by
hand. However, as the tubers are small and near the
surface, commercial potato diggers, carefully used, may
be used to harvest them when they are planted on
ridges. The tubers should be cut from the crown,
washed and dried, and packed in well-ventilated boxes,
not sacks. Damaged tubers should be used as quickly as
possible; even superficial damage permits the entry of
fungi which can cause rotting (see Pests and diseases).
It is claimed that uninjured tubers can be stored for 4
months or longer in well-ventilated conditions under
ambient temperatures in the tropics; larger tubers store
better than small ones. Respiration and loss of water
continue during storage; there is therefore loss of dry
matter and shrivelling of the tubers. Sweetness
increases and changes in flavour occur, with a reduction

in palatability. Sprouting usually occurs, leading to
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further loss of weight. There is no information as to
whether low temperature injury occurs below about
13°C as is the case with some other yams.

Primary product

Tubers-which are very thin-skinned and have a yellow
flesh, and thus appear pale-yellow even before the skin
is removed. The surface is smooth except for some fine
adventitious roots and a few depressions like the eyes
of a potato; these are not buds, but are local wounds
resulting from minor injuries to the tuber during its
growth. The flesh is floury to succulent, crisp, with little
fibre and a characteristic bland but rather sweet flavour.

Yield

High yields are common when the yams are planted in
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pure stands: the following average yields (t/ha) have
been reported: Malaysia 25; West Indies 34-38; West
Irian 70; Philippines 20 - 30.

Main use

The tubers are cooked and eaten as a carbohydrate
foodstuff. They may be boiled in their skins or after
peeling (peeling involves only about 5 per cent loss of
the tubers); in the latter case they disintegrate badly,
though this is minimised by boiling for no more than 10
minutes. They may be baked in their skins, or fried as
slices or as chips (french fries).

Special features

The nutritional composition of the edible portion of D.
esculenta has been quoted as: water 67-81 per cent;
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protein 1.29-1.87 per cent; fat 0.04-0.29 per cent;
carbohydrate 17-25 per cent; fibre 0.18-1.51 per cent;
ash 0.5-1.24 per cent.

The carbohydrate is mainly starch but with a relatively
high content of sugars (7-11 per cent). The starch
granules are rounded or polyhedral, very small (1-15
microns in diameter), with a rather low amylose content
(14-15 per cent).

Production and trade

Although considerable quantities are grown in the Far
East, the delicate and perishable nature of the tubers
makes any external trade difficult and the tubers are
normally traded only within a community or village.

Major influences
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D. esculenta is both high yielding and easily adapted to
mechanical cultivation, as well as being palatable and
easily prepared in the kitchen; it therefore could become
more popular than at present.
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Potato yam (Dioscorea bulbifera)
Common names

POTATO YAM, Aerial yam, Air potato, Bulbil bearing
yvyam, Turkey liver yam.

Botanical name
Dioscorea bulbifera L. (Osophyton).

Family

D:/cd3wddvd/NoExe/.../meisterl2.htm 280/418



19/10/2011 meisterl2.htm
Dioscoreaceae.

Other names

Acom (W.l.); Agbanio (Togo); Akam or Akom (W. Afr.);
Banalu (Philipp.); Batata de rama (Braz.); Bayag-toro
(Philipp.); Cambar marron (Maur.); Car de aire, Car de
espinho, Car de Sao Thom, Car de sapateiro (Braz.); Cu
mei (Viet.); Danda yam (W. Afr.); Dimoa (N. Cal.); Gaithi
(Ind.); Hoi (Tah.); Huwi blichik (Sud.); Igname bois
(Ant.); Igname pousse debout (Zar.); Irga (Gab.); Kaile
(Fiji); Kasiena (S. Pacif.); Kattala (Sri La.), Khoing
(China), Man nok (Thai.); Name del aire (Col.); Name
congo, Name criollo, Name de mate (Venez.); Numwe
(N. Cal.); Oobi Singapore (Mal.); Otaheite potato (W.l.);
Papa caribe, Papa del aire, Papa voladora (C. Rica);
Pousse en l'air (Fr.); Ratulu (Ind.); Soi (Polyn.); Ubi
atas (Mal.); Ubi-ubihan (Philipp.); Ycam.
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Botany

A strongly climbing vine, reaching 6 metres or more,
with smooth stems ranging from I to 8 mm in diameter;
twining is clockwise (to the left). The leaves are
cordate-orbicular to ovate-orbicular, strongly
acuminate, 15-30 cm long and broad; the petioles are
thickened at the base with ear like projections that often
encircle the stem. The flowers are small (though larger
than those of many cultivated yams), about 3 mm long,
closely appressed to the pedicel in long axillary or
terminal racemes. Winged seeds are produced freely
from the trilocular capsules which are 2-5 cm long: the
seeds germinate readily. Tubers are produced
underground and tuberous bulbils in leaf axils and on
terminal racemes. In African races of the plant these
bulbils are sharply angled, while those of Asian races
are spherical to ellipsoid. The bulbils are grey or brown
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in colour with white or yellow mucilaginous flesh; they
range from about 3 to 10 cm in diameter and usually
weigh about 0.5 kg, but can be as heavy as 2 kg. Some
varieties may need detoxification by soaking or boiling
before they are eaten. The underground tubers arise
from a swelling of the young stem and enlarge rapidly
as storage organs. Both bulbils and tubers are edible,
although tubers are usually hard, bitter and unpalatable,
and selection for bulbils appears to have taken place in
early times, as some varieties, both Asian and African,
lack significant underground tubers. Tuber size ranges
from small up to about 25 cm in length.

The species occurs in a wide variety of forms and many
synonyms have appeared in the literature, including D.
crispata Roxb., D. heterophylla Roxb., D. oppositifolia
Campbell, D. papilaris Blanco, D. pulchella Roxb., D.
sativa Thunb., D. tamnifolia Salisbury, D. tunga
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Hamilton, D. Iatifolia Benth., and D. anthropophagum
Chev.

Origin and distribution

The African and Asian varieties are so distinct that
evolution must have taken place in prehistoric times,
and there is disagreement as to whether the original
source was in South-East Asia or whether there was
also a centre of origin in Africa. The species is how pan-
tropical.

Cultivation conditions

Potato yam grows in a wide range of soils and most
varieties require long rainy seasons; this plant can be
grown at elevations up to 1 800 m.

Planting procedure
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Material-bulbils or tubers, either whole or small pieces.
The tubers produced by plants grown from bulbils are
usually very small in the first year and are often
themselves used as setts for planting the following year
to produce edible bulbils (and tubers) of a reasonable
size.

Method-see Yam. Staking is necessary.

Field spacing-information is scant. In Puerto Rico
satisfactory results have been obtained with rows at
160 cm spacing and the plants 70 cm apart in the row
(about 9 000 plants/ha).

Pests and diseases

Leaf spot (due to Cercospora spp.) sometimes occurs
and the nematode
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Scutellonema bradys has been reported to attack the
subterranean tubers.

Growth period

Immature bulbils may be harvested 3-4 months after
planting, and picking may continue for the life of the
plant, up to 24 months. Underground tubers are
normally harvested when the vine dies back, after about
15-24 months.

Harvesting and handling

Immature bulbils are hand picked: mature bulbils fall to
the ground. The tubers are lifted by fork or other
digging tool or may be left for several months in the soil
until needed. Both bulbils and tubers are resistant to
fungal infections and harvest wounds heal quickly;
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storage under dry, cool conditions, away from sunlight,
appears to give moderate storage life.

Primary products

Bulbils-usually weighing 0.5-2 kg. The flesh is yellow or
white and is harder in the African varieties than in the
Asian varieties.

Tubers-which also have white or yellow flesh. The
African varieties are harder than the Asian.

Yield

This species is seldom grown commercially, but field

trials in Puerto Rico of sixteen varieties from all over the

tropics gave yields ranging from 0.05 to 19.5 t/ha for

bulbils, and from zero to 25.34 t/ha for tubers. Some

varieties gave high yields of both bulbils and tubers, eg
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10.6 t bulbils and 22.09 t tubers, and 16.9 t bulbils and
13.35 t tubers. There is clearly potential for high
productivity but unfortunately the time span of the
experiment was not stated.

Main use

The bulbils are normally cooked and eaten in a manner
similar to other starchy root crops, though many African
forms require detoxification by soaking in water or
prolonged boiling before they are safe to consume. A
few are very succulent and may be eaten raw. The
flavour is reported to be inferior to that of most
common yams and some are bitter. Some yellow fleshed
varieties darken during cooking. However, these yams
have some popularity because of the convenient size of
the bulbils for kitchen use.
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Subsidiary uses

The bulbils and tubers are occasionally used for the
production of flour. In Indonesia a fish poison is made
from the bulbils of toxic varieties, and in Africa
poisonous varieties may be planted among safe varieties
to discourage thieves. In folk medicine in India a paste
from the tuber is used as a cure for snakebite and in
Jamaica for treatment of scorpion and centipede stings.

Secondary and waste products

Tubers-are used as food in times of scarcity,
detoxification is usually necessary.

Special features

Bulbils-the proximate composition of the bulbils, in
terms of the fresh weight, has been given as: water 63-
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67 per cent; protein 1.12-1.5 per cent; fat 0.04 per cent;
carbohydrate 27-33 per cent; fibre 0.7-0.73 per cent;
ash 1.08-1.51 per cent.

Tubers-the fresh weight composition of the tubers has
been given as: water 69.1 per cent; protein 0.89 per
cent; fat 0.1 per cent; carbohydrate 26.5 per cent; fibre
6.74 per cent.

Considerably higher values of protein have been found
in other analyses, up to 10 per cent of the dry matter,
but the sulphur-bearing amino acids are low, limiting
the nutritive value. The yellow pigments of D. bulbifera
are xanthophylls of no nutritional importance: beta-
carotene is absent.

The toxic element found in many varieties is apparently
dioscorine, and in some varieties the saponin dioscin
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has been reported.

Major influences

D. bulbifera has not been thoroughly investigated and
its full potential may still be undiscovered. Currently, it
seems that it should have a future in the home plot or
gardens rather than commercial production. In its
favour is the fact that a crop can be harvested for a
period of perhaps 20 months starting at only 4 months
from planting; in addition, the non-toxic varieties are
easy to prepare for consumption.
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White yam (Dioscorea rotundata)
Common names
WHITE YAM, Guinea yam, White Guinea yam.

Botanical name
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Dioscorea rotundata Poir. (Enantiophyllum).

Family
Dioscoreaceae.
Other names

Common yam, Eboe yam (W. Afr.); Eight months yam,
Name blanco, ame Guineo blanco (S. and C. Am.); Negro
vyam (Jam.); Portuguese yam (Mart.); Proper yam.

Yellow yam (Dioscorea cayenensis)
Common names
YELLOW YAM, Guinea yam, Yellow Guinea yam.

Botanical name
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Dioscorea cayenensis Lam. (Enantiophyllum).

Family
Dioscoreaceae.
Other names

Afoo (Jam.); Affou (Trin.); Affun yam (W. Afr.); Atous
temps (Ant.); Attoto yam (Afr.); Balugu (Ug.); Car de
Par (Braz.); Congo amarillo (P. Rico); Cut and come
again yam, Dye yam (Guy.); Fusaka (Mali); Hard yam
(Guy.); Igname Guine, Igname jaune, Igname pays
negre (Fr.); Mapuey morado (P. Rico); ame amarillo
(Sp.); Name chomo (Pan.); Name negro (C. Rica); Negro
yam (W.l.); Niame (Cuba); Ovihazo (Madag.); Twelve
months yam, Yam a tout tan (W.l.).

Botany
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The classification of these yams is confused. In the older
literature they are usually separated but most
taxonomists now regard them as the same species. Both
show considerable variation: at the extremes the
differences seem clear, but many intermediate forms
occur, possibly as a result of hybridisation, and many
current workers are grouping the two under the term
Dioscorea rotundata/cayenensis complex, and this
approach is taken here. Much of what follows is common
to both 'species’; differences between the extremes of
the complex will be noted under the 'specific' names.

The plants grow vigorously and can climb to a height of
10-12 m. The stems are cylindrical or slightly striated
and are usually spiny, though sometimes completely
smooth. The leaves are extremely varied, from deeply
cordate to almost orbicular, 4-20 cm long, opposite or
alternate. Some varieties have purplish leaf veins and
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stems. Male flowers are small (1-3 mm in diameter),
borne on spikes; female flowers are much less
frequently borne and the production of seeds is
somewhat rare. Tubers are large (commonly 2-5 kg in
weight, sometimes up to 25 kg or more), generally
cylindrical but sometimes distorted, and thick skinned.
The flesh ranges from white to yellow. More than 200
cultivars are known. The commonest differences
between the two extreme types are:

D. rotundata D. cayenensis
Tuber colour (flesh)|White Yellow
Leaf shape Narrowly ovate Broadly ovate
Climatic preference |Intermediate High rainfall
rainfall
Growing season 7-8 months 10-12 months
N1 lhar Af harmiackelD 4 |
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Possible time of Limited: late Almost year round
harvest summer to winter

(Source: Martin and Sadik, 1977.)
Origin and distribution

West Africa appears to be the centre of origin, with
initial domestication from the Ivory Coast to Cameroon,
and in this African 'yam belt' these are the most
important of all the yams. From West Africa they spread
to Brazil and the Caribbean (presumably by way of the
slave ships), and are important in Jamaica, Puerto Rico
and the French West Indies, but not in the other islands.
They were introduced into New Caledonia by the French.

Cultivation conditions
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A warm tropical climate is required, but while D.
cayenensis needs a long rainy season (about 10
months), D. rotundata cultivars can be grown with only
6-7 months of rainfall (100-150 cm evenly distributed)
and thus can be grown further away from the equator
where dry seasons are longer; also, because of its
greater tolerance of drought, this type is adapted to the
Caribbean region, though D. cayenensis is also grown
there. D. cayenensis is relatively tolerant of sandy soils:
D. rotundata thrives best on heavy soils even with a
high clay content. Responses to organic matter (FYM or
heavy mulch) are good. Nitrogen appears to be
especially important (in Ghana 67 kg nitrogen applied
after tuber reserves were exhausted gave a 22 per cent
increase in yield; phosphorus gave a small response but
potassium none), but fertiliser requirements vary from
place to place.
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Planting procedure

Material-usually small whole tubers, crowns or mid-
section cuttings of large tubers (in 100-150 g pieces),
dried for a few days before planting and preferably
treated with wood ash to protect the pieces from fungal
infection. Propagation of D. rotundata by stem cuttings
is possible but does not yet appear to be commercially
developed. Planting material must be disease-free.

Method-in Africa, yams are normally planted in land
freshly-prepared by 'slash and burn’, in mounds which
are usually large enough for one plant, but sometimes
for several. The pieces are planted at a depth of 5-15
cm, sometimes with the stem end down. The mound
may be muilched with dried grass. In the Caribbean,
planting in ridges 30-50 cm high is the usual practice,
the seed tubers being placed 10-15 cm deep, by hand or
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by machine. In some areas, where soil drainage is
naturally good, planting on the flat is practiced. Staking
appears to be essential.

Field spacing-mounds are 1-2 m apart, and ridges also
1-2 m apart. Maximum vyields are obtained by spacings
of 1 x1 m (10 000 ha).

Pests and diseases
Weeds-control is as described for Yam.

Pests-there seem to be few serous insect pests, but
nematodes, especially Pratylenchus spp., Meloidogyne
spp. and Scutellonema spp. are common, affecting not
only the growing tuber but being associated with dry rot
in the stored tuber. It has been stated that seed pieces
can be treated with hot water at 50- 60°C for 30- 60
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minutes; treatment of the soil with
dibromochloropropane has been effective. In Africa, the
greater yam beetle Heteroligus meres may attack the
tubers and termites can cause severe damage. In the
Caribbean, the white grub, Lachnosterna sp., and the
sugar cane root borer, Diaprepes abbreviatus, often
damage tubers. Field sanitation and avoidance of
infected planting material are important aspects of
control.

Diseases-fungal diseases are seldom serious, but
anthracnose (due to Colletotrichum gloeosporioides)
can be sporadically severe; resistant cultivars are
available. More serious is the green banding virus
(called mosaic in Puerto Rico, and shoestring disease in
Africa) which, when severe, decreases yields
significantly. Again, the use of planting material from
healthy plants is essential.
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Growth period

D. cayenensis types mature in 10-12 months and D.
rotundata in 7-8 months. The early maturing of the
latter permits double harvesting, as the early
tuberisation results in large, though immature, tubers
being present after 4 months. Some may be harvested
then (and stored if so wished) while the remainder are
harvested after 7-8 months. This practice is quite
common in Africa where the mound permits tubers to be
removed with little disturbance to the other tubers.

Harvesting and handling

Normally harvesting is by hand, though recent
developments suggest that there may be possibilities for
mechanically harvesting material planted in high ridges.
Storage is as described for Yam. D rotundata tubers
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store better than those of D. cayenensis: under tropical
conditions the storage life of sound tubers can be up to
4 months and 2 months respectively, although sprouting
and excessive desiccation could be a problem.

Primary product

Tubers-usually only one large tuber per plant, though
sometimes more are produced. A single tuber normally
weighs 2-5 kg (but can be 25 kg or more). The skins are
brown and thick, the flesh white in D. rotundata types to
yvellow in D. cayenensis.

Yield

In Africa, 8-18 t/ha and in the Caribbean, 15-25 t/ha are
typical yields.
Over 67 t/ha has been reported from Puerto Rico.
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Main use

Both types are eaten boiled, mashed, fried, etc. In Africa
D. rotundata types are used in large quantities for the
preparation of 'fufu’.

Subsidiary uses

Instant yam flakes can be made from suitable cultivars,
though D. cayenensis yams are not favoured because of
their yellow colour. Yam flour is also prepared.

Special features

Approximate composition of the edible portion of
mature tubers has been quoted as: energy 439 kJ/100
g; water 58-33 per cent; protein 1.02-1.99 per cent; fat
0.05-0.12 per cent; carbohydrate 15-23 per cent; fibre
0.35-0.79 per cent; ash 0.53-2.56 per cent.
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Higher moisture contents occur in immature tubers.
Ascorbic acid is quoted as 6.5-11.6 mg/100 g in D.
rotundata and 4.5-8.2 mg/100 g in D. cayenensis.
Differences in the nature of the starch are reported: D.
rotundata granules are large (10-70 microns) but those
of D. cayenensis are smaller (3-25 microns). No
commercial use has been made of the processed starch.

Processing
See Yam.
Production and trade

The major part of the total African production of yams
(19 million t) is of the D. rotundata/cayenensis
complex, and there is substantial production (though
small by comparison with Africa) in Brazil and the
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Greater Antilles. There is a small trade from Brazil and
Jamaica (estimated at about 9 000 t annually) to the UK,
which also imports a small quantity from West Africa.

Major influences

Although apparently threatened by less labour-intensive
and therefore cheaper carbohydrate crops, such as
cassava, and by imported rice, African yam production
appears to be holding its own. There seems to be little
scope for expansion of exports or of processed
products, mainly because of the high cost of the raw
material.
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] Abbreviations

stenocarpa)
] Au (Tropaeolum tuberosum)

1 Arracacha (Arracacia
xanthorrhiza)

] Arrowhead (Sagittaria
sagittifolia)

1 Arrowroot (Maranta
arundinacea)

-] Cassava (Manihot esculenta)

] Chavar (Hitchenia caulina)

] Chinese water chestnut
(Eleocharis dulcis)

-1 Chufa (Cyperus esculentus)
] East Indian arrowroot (Tacca

] African yam bean (Sphenostylis
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_ leontopetaloides)
] Elephant yam (Amorphophallus

Spp-)

1 False yam (Icacina
senegalensis)

] Giant taro (Alocasia
macrorrhiza)

1 Hausa potato (Solenostemon
rotundifolius)

] Jerusalem artichoke
(Helianthus tuberosus)

] Kudzu (Pueraria lobata)

1 Lotus root (Nelumbo nucifera)
] Maca (Lepidium meyenni)

7 Oca (Oxalis tuberosa)

] Potato (Solanum tuberosum)
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3 Queensland arrowroot (Canna

__indica)
| Radish (Raphanus sativus)

1 Shoti (Curcuma zedoario)

1 Swamp taro (Cyrtosperma
chamissonis)

] Sweet potato (Ipomaea
batatas)

] Tannia (Xanthosoma spp.)

] Taro (Colocasia esculenta)

] Topee tambo (Calathea allouia)

] Ullucu (Ullucus tuberosus)

] Winged bean (Psophocarpus
tetragonolobus)

] Yacn (Polymnia sonchifolia)

= Yam (Dioscorea spp.)
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3 Yam bean (Pachyrrhizus

~ €rosus)
Appendixes

Yam bean (Pachyrrhizus erosus)
Common names

YAM BEAN, Potato bean.
Botanical nhame

Pachyrrhizus erosus (L.) Urban syn. P. angulatus L. C.
Rich. ex DC.

Family

Leguminosae.

D:/cd3wddvd/NoExe/.../meisterl2.htm 318/418



19/10/2011 meisterl2.htm
Other names

Ahipa, Ajipa (S. Am.); Bangkoewang (Indon.); Bunga
(Philipp.); Carota de caballo (Venez.); Chopsui potato
(Haw.); Dolique bulbeux (Fr.); Fan-ko (China); Frijol de
jicama (Salv.); Frijol ame (Philipp.); Jicama, Jiquima
(Mex., Peru); Mishrikand (Ind.); Nupe(ra) (Venez.);
Patate-cochon (Ant.); Pois cachou, Pois manioc (Guin.);
Poroto batata (Arg.); Ram-kaseru, Sankalu, Sankeh alu
(Ind.); Sengkuang (Mal.); Sincamas (Philipp.); Ubi
sengkuang (Mal.); (W)yaka (Asia); Yuco de bejuco
(Venez.).

Botany

A hairy twining herbaceous plant, woody at the base,
trailing or climbing to about 6 m. The leaves are
alternate, trifoliate, with petioles 3-18 cm long and
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ovate or rhomboidal leaflets which are toothed or lobed,
about as broad as long, usually large, in the range 4-20
cm. The flowers are in long axillary racemes, 1-5 borne
in each of several clusters along the peduncle; the petals
are violet or white, 1.5-2 cm long and broad. The pods
are 7.5-15 cm long and about 1.5 cm broad, flattened,
almost smooth at maturity, containing 4-12 seeds which
are yellow, brown or red, almost square and flattened,
5-10 mm in diameter. Tuberous roots, frequently turnip-
shaped, are borne at the base of the stem, and may be
solitary or several, simple or compound; normally they
are about 10-15 cm in diameter. This species shows
considerable genetic variability, and phenotypic studies
have shown significant negative correlation in some
genotypes between root yield and days to flowering,
days to pod maturity and length of main stem.

A closely related species is P. tuberosus (Lam.) Spreng.,
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which has entire leaflets, white flowers and longer pods,
usually 25-30 cm in length, with irritant hairs; the seeds
are kidney-shaped.

Origin and distribution

The yam bean appears to have originated in Mexico and
northern South America, in the head-water region of the
River Amazon, and was cultivated there in pre-
Columbian days The Spaniards took it to the Philippines
and it is now cultivated and naturalised in the
Philippines, Cambodia, China, Indonesia, northern India
as well as in western and northern South America and
the Caribbean.

Cultivation conditions
The yam bean is tolerant of various climates, but for
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optimum yields it requires fairly high temperatures and
a moderate to high rainfall: it grows well in the hot, wet
tropics. In Mexico, it is grown under irrigation and in
the cooler areas has a longer vegetative cycle. It is
normally grown at altitudes below I 000 m.

Soil-a well-cultivated sandy loam soil with adequate
drainage is essential; it will tolerate well-drained clay
soils, but not heavy soils liable to become waterlogged.
For high yields, the application of a 12: 24: 12 NPK
fertiliser at the rate of 300-400 kg/ha before planting
has been recommended, followed by 200 kg/ha of
ammonium sulphate when the plants begin to climb. In
addition, if the soil has been heavily cropped it is
suggested that it should receive 10 t/ha of compost or
FYM, about one month before planting.

Day-length-short days are necessary for tuberisation.
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When grown under a 14-15 hour photoperiod the
vegetative growth is good, but there is little production
of tuberous roots: short day-length gives smaller, more
bushy plants and good tuberisation.

Planting procedure

Material-the yam bean is grown principally from seed,
but it can be grown from sprouted roots saved from the
previous crop. It has been recommended that this
practice be followed to maintain desirable
characteristics in the plants.

Method-the seeds are normally sown at the beginning of
the rains, either on the flat or in ridges; the latter gives
better results. Usually 2-3 seeds are placed in each hole
and the plants thinned out as necessary, or the seeds
may be planted singly by drill. The provision of bamboo
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trellises about 2.5 m high to support the vines has been
found beneficial, but is not essential. The crop is kept
free from weeds and is often mulched to help conserve
soil moisture and prevent weed growth. Sometimes the
plants are stopped or pruned in order to encourage
vegetative growth and the removal of the flowers is
reported to increase tuber yields and improve their
flavour.

Field spacing-recommended seed spacing for India is 15
cm along rows 50 cm apart; in the Philippines, a spacing
of 10 cm in rows 15-20 cm apart is common practice,
although it has been shown experimentally that the
yield of roots doubled when a spacing of 15 x 15 cm was
used.

Seed rate-in the Philippines, 20-25 kg/ha of seed is
used for planting, assuming a germination rate of 90-95
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per cent. In India, a higher seed rate, 50-70 kg/ha, is
preferred.

Pests and diseases

In Central America, the yam bean is reported to be
subject to attacks from the larvae of Thecla jebus and
Ferrisia virgata. In Mexico, the seeds are often attacked
by weevils. In the Philippines, a mosaic disease has
been noted, which is caused by a systemic virus,
transmitted through the seed or root. A slight mottling
or chlorosis and blistering of the leaves, together with
the production of very small tubers are characteristic
symptoms. A bacterial leaf spot caused by Pseudomonas
syringae has also been reported.

Growth period
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The crop normally reaches maturity in 5-8 months,
although in the warmer parts of Mexico a commercial
crop is obtained in about 3 months. If a seed crop is
required, the growing period is approximately 10
months.

Harvesting and handling

The roots are usually dug manually, though with large-
scale production they are sometimes ploughed out. The
tops are trimmed or removed entirely and the roots
washed and packed in baskets for market. Within 24
hours the creamy colour of the skin changes to a
purplish-brown, but this can be arrested if the roots are
stored in the dark at 9-10°C. They can be stored
successfully for at least 2 months at temperatures just
above 0°C; older roots tend to store better than tender
immature ones. They can also be 'field-stored’; in
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Mexico, the normal practice is to withhold irrigation
water thus stopping growth and the roots remain in
good condition in the soil for 2-3 months. Just prior to
lifting they are irrigated and absorb water, and can be
marketed in the usual way.

Primary product

Tuberous roots-which, as normally harvested, are 10-15
cm in diameter and weigh up to 2-2.5 kg: they have a
creamy surface and white, rather watery flesh. At this
stage they are crisp and succulent, with a pleasant,
sweet flavour. If left to grow they increase in size and
can reach 30 cm in diameter and weigh 5-18 kg, but
they become tough and unappetising. The tubers of P.
tuberosus are rather larger.

Yield
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Average yields of tuberous roots are about 7.5-20 t/ha,
although yields as high as 95 t/ha have been reported
from the Philippines and Indonesia.
Recent trials have shown considerable differences from
cultivar to cultivar and cv. Rajendra Mishrikand-l has
been reported from India to average 40 t/ha (twice the
normal yield).

Main use

The young tubers are eaten raw in salads, or cooked as
a vegetable, or in pickles and chutney. They are popular
among the lower income groups in parts of Latin
America and the Caribbean. In the USA they are
becoming increasingly used, both for eating in their own
right and as a substitute for Chinese water chestnut.

Subsidiary uses
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As the roots mature their starch content increases and
older roots are sometimes used as a source of starch or
for animal feeding. In China, the dried roots are
reported to be used as a cooling food for people with
fever.

Secondary and waste products

Seed pods-the young seed pods of P. erosus are
sometimes eaten as a cooked vegetable, similarly to
French beans, but cannot so be used as the seeds
develop. The crushed pod of P. tuberosus, mixed with
lard, is used in China to cure itch.

Seeds-the powdered seeds are sometimes used as an
insecticide or fish poison. In Indonesia, the pulverised
seeds mixed with sulphur are applied to certain types of
skin eruption. One half seed may be taken as a laxative,
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though it is stated that if poisoning occurs coconut
water will counteract it.

It is, however, reported that the oil in the seeds
resembles cottonseed oil and may be used for cooking.

Stems-the stems yield a tough fibre, which is sometimes
used for making fishing nets in Fiji.

Animal feed-it has been reported that the whole plant is
sometimes used as fodder, and is best for this purpose
when harvested at the 50 per cent flowering stage;
however, the leaves and seeds are both toxic (the leaves
less so than the seeds) and grazing among mature
plants can be fatal to animals.

Green manure-the whole plant is sometimes ploughed
into the soil as a green manure.
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Special features

Roots-the tuberous roots contain both starch and sugar
and are a moderately good source of ascorbic acid.
Average figures for the edible portion have been
published as: energy 186-264 kJ/100 g; water 82.4-87.8
per cent; protein 1.5-2.4 per cent; fat 0.09-1.3 per cent;
carbohydrate 10.6-14.9 per cent; fibre 0.6-0.7 per cent;
ash 0.5 per cent; calcium 16-18 mg/100 g; iron 0.8-1.1
mg/100 g; thiamine 0.05-0.1 mg/100 g; riboflavin 0.02-
0.03 mg/100 g; niacin 0.2-0.3 mg/100 g; ascorbic acid
14-21 mg/100 g.

Approximately 65 per cent of the carbohydrate is starch,
20 per cent non-reducing sugars and 15 per cent
reducing sugars. Mature tubers yield a grayish-white
starch, consisting of polyhedral or semi-polyhedral
grains of 8-35 microns diameter. Non-protein nitrogen
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may be as high as 80 per cent of the total nitrogen as
indicated by the crude protein figure given.

Pods-analysis of the edible portion of the young seed
pods (Philippines) has given the following figures:
water 86.4 per cent; protein 2.6 per cent; fat 0.3 per
cent; carbohydrate 10 per cent; fibre 2.9 per cent; ash
0.7 per cent; calcium 121 mg/100 g; iron 1.3 mg/100 g;
phosphorus 39 mg/100 g; vitamin A 575 IU/100 g;
thiamine 0.11 mg/100 g; riboflavin 0.09 mg/100 g;
niacin 0.8 mg/100 g.

As the pods become mature toxicity develops.

Seeds-analysis of the seeds gives the following figures:
water 6.7 per cent; protein 26.2 per cent; fat (oil) 27.3
per cent; carbohydrate 20 per cent; fibre 7 per cent; ash
3.64 per cent.
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The seeds are toxic and have been studied as a possible
commercial source of a vegetable insecticide, since they
contain 0.12-0.43 per cent of rotenone, pachyrrhizone
and pachyrrhizonic acid. (The toxic principles of the
seeds can be eliminated by boiling them with alcohol.)
The seeds could be used as a source of an edible oil
which has the following characteristics: SG (31°C)
0.914; ND (26°C) 1.4673; sap. val. 196.7; iod. val. 85.3;
acid val. 1.1; RM val. 2.71; unsap. 2.3 per cent;
saturated fatty acids 37.6 per cent; unsaturated fatty
acids (oleic and linoleic) 62.4 per cent.

Stem-fungicidal compounds have been isolated from the
stem: four pterocarpan derivates were isolated,
neodunal was the major component.

Processing
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The use of processed (mainly canned) roots is
increasing, both as a starchy food in its own right, and
as a substitute for Chinese water chestnut (Eleocharis
dulcis). Very large tubers are woody and unsuitable;
roots of about 10 cm diameter and weighing about I kg
are preferable. The inner layers of the rind contain thick
layers of fibrous material which are difficult to remove
mechanically, but Iye peeling by immersion for about 10
minutes in 18 per cent sodium hydroxide solution at 95-
99°C appears to be practicable. Discoloration of the
surface of the peeled roots resulting from this treatment
may be removed by bleaching with hydrogen peroxide.

Production and trade

There is little information about production and trade in
yam beans, despite their popularity in parts of Latin
America and the Caribbean. There is some demand from
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the USA, mainly California, for yam bean roots from
Mexico, as they are used as a substitute for the Chinese
water chestnut.

Major influences

There appears to be increasing interest in this plant,
both as a root crop for local consumption and export
(albeit on a small scale), but also as a possible source of
'natural’ pesticidal principles.
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Table

B. Estimated world production figures for the major root
crops (‘000 t/a)

1961-651969-71|1980-82
average |average |average

Cassava 75048 |96 700 |[124 /61
Potato 282 959 277 286 |[247 719
Sweet potato|na 142 141 (141 285
Yam 18 080 ||16 243 |19 898’

Sources: 1961-65 from Kay, 1973. TPI Crop and Product
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Digest No. 2.

1969-71 and 1980-82 calculated from FAO Production
Yearbook 19X2.

Yams are for 1979-81: they are not quoted separately in
subsequent Yearbooks. na not available.

C. Pesticides mentioned in the text

The word pesticides refers to chemicals used to combat
insects, arachnids, nematodes, diseases and weeds. The
following table lists the International Organization for
Standardization common names of pesticides mentioned
in the text, and other common names, along with their
more commonly known trade names and notes on their
use. The use of italics for a common name denotes that
it is no longer used, or in the case of a trade name, that
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it is no longer manufactured.

All pesticides are hazardous and should be used strictly
as recommended by the manufacturer and the local
agricultural advisory service. Many countries place
restrictions on the use of certain pesticides, including
several listed here: some may not be permitted at all,
others only if stated conditions are adhered to.
Therefore mention of a particular pesticide in this digest
does not necessarily imply endorsement by TDRI. There
are also internationally approved recommendations and
often legal limits on the level of residual pesticide
permitted on fresh foods for consumption (whether
home produced or imported). The legal limits vary
between crops and countries and the regulations are
changed from time to time. It will therefore be
necessary to check the permitted pesticides and the
recommended levels of application with the local
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agricultural advisory service, and to check the permitted
residue levels with the appropriate consumer authority
(particularly where there may be exports to countries
with possibly different regulations).

Reference to trade names implies no endorsement of the
efficacy of these products nor any criticism of competing
products not mentioned.

Abbreviations:
ec |lemulsifiable concentrate
SC |lsuspension concentrate
ULV|ultra-low volume formulation
wp |wettable powder

Isi] coampaon Hams Teade names Lises and corumnants
CRAEer COTTHLOG LA s
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Table part VI

WO common namre
Other comonon oatnes

Trade nameas

[Ises @rdd Ccemmenis

diuran

UML)
dich'orfer ldin
DrAU

epdeosullan

| PGP

D:/cd3wddvd/NoExe/.../meisterl2.htm

Lialer
Dirsx
Diarol
Uynex
Karms

i

Unidren

Venda

Rewsi-

ram

I'recimorgencs reot herbicide,
Corr-nl af Al weeds in mom-
crepped land, Uaed sclecrisely
0N S0ME STORs,

Formulat=d as wp, s¢. granules.

Aleg Ly nexed tormulations o
W, el S0, pranulcs,

Mocsysemis insecticitle ared

marcmiaida orith aasmtr b AnS
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[(y=gF AT 1 S DAL kLI Al Wu il L ILLESL QI
Lhiodan Cyrlodsn stomach action.
Malix Cuontred o7 wade wcues of
1Rl insoos and Sme raites.
TLimul Formulaled] as wp, e, ULV,
Triodan dusl, grasules. Also in mixed
Thinnmes ol Aring e,
Tiovel
fenitrothion Sccodhion Poens insccticide and acancide
MEF Agroihion with oontacy, seomach and
Uyfen Tospirasery @ction.
ytel Coriral of wide rangs of pesis,
Bolithisont Forrmulated as wp, oo, ULV,
Mol hion dust, asrosal congentrates, Also
Sumithinm in mxed formulatops,
ferham Curbamae P-nteetive “oliar “nngcie.
ferbama Terbarn Onptrol of funga! pethogens,
Ferherk Formu':ted] s wp.
Fermate
Hexaferb
Knockinale
Intuagol
Table part VII
iy crommom name Trace remes PIers =mit commenis

Ohths- common ngmres

vamrta-HiH! RH(?
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{antast and stomach aesrieid -
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berzene hexachlovids

L
parra-B5O
HCH
hexagchlorar
hexskkr

linmran

imalatlhiog
carkbufos
mzlatkan
maldizon
mareatarh an
crercastotion

maancozeh
manuezébe
ridnsel:
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Samitaa-HioH
Jdnnmexanc

Afalon
Lisorom
Linurex
Lerox

Cabma-hon
CellLhon
Cythir
Fyfanon
walaphele
Malutkion
Malmad
MLT
LT
Zithael

Dithane MM-45
Litnane alira
sarar: 2K

with gamz fumigact act:vity,
Agplied as foliar sray. 1o soll,
and ar seed createisnd,

Contoe, of wide ratee of «ml-
cw2lling aad phytcphazous
Ierrrs,

Formuloted as wry oo, dust,
smake generators. Asc in
CliRed Tonmnlad pens.

Belective pre- and =cat-
emersrace herhicide . Ahsorhed
throvgh foliage and roots,
Contral of weeds in waridgas
IO

Formulated ay wg, 2o, se Also
i cnise] ool inns .

Broad spoctium D9 e-S3sts uic
insexicidz and acaricide with
precominar iy eontact him
sarye stomech end respiracory
Acrli.

Cantro, uf wide racge of
sucking acrd chewing asig,
Iarnwulat=d as wp, =, LY,
dust, AlD ‘n mixed

Tunnad iz,

Prowitive foliar fungicik, Albso
ried a5 seed (reatment,
Concral of wide rarge of falkar
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Aemiepor turgal diceases,
Pernearch Formulated as wr, oo s Al
Vondozeb Plus In mi%ed formulaticns as wp.

—_— _—

Uoases appreved Lotiman gart> lindan: |15 weed for grzdes whiene @2 gamna-liower smen 12
T pru ool ITL DI,

Table part VIII

I4l) comIMen LNme Treade: namss Uses ynd comments
CHher WeREn M. InE:

maech Dithanc M-22 Progective foliar Tuazcide.
raebe Mazesan Congrol of many funggl plant
Malate Cisanes
Mespor Formulated as wp, 50 Also in
Trimammil riixdn ] T nlations as win, ey
seexl dressing,
MCPA Aarilon Selective pygemic yoRL-
M = AsTNINTE EMErgent? Nomm =Ly ne
2A-MOPA Chiptcx herbicide. Absorked (hrovgh
metgLon Carnok M foltage and rooc,
Cmpal Contrel of annval and perenniz
Hedonal M broad-legvad weads,
Phenikylene Plus Fourmoldwt! gy soowion. Also e
Bhomens mixed fornulations a: wp, 2,
R irsnox safurfon, warar-dkpers hle
Shamrox graing, saluhlc powder.

Vimnna
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methpmyt

MOGUren
chinefenldim

OML

meister12.htm

¥ s

LEmnare
Mudrin

Monurex
Tefvar

Systemle and sromach
insceticide and acanrics.
Contral oF wide renge o’ pesis.

Foruuiated as =2, water-soluble

ligquad, waler eolutdz powders,
bail. Alsn ic omiwed
formulat: ons.

Pre emergence raat aerhicide,
Camgrod af =1 wasds In fipn-
uropped arcas.,

Formuldles 35 wp Als0 in
mixzd Fornmations.

Table part IX

IS0 pormddd v me
{Other common name:

Trare rames

Lici and enmmohag

neptalom

alanap

replelams

MPA |soditm gall)

nilreten
D:/cd3wddvd/NoExe/.../meisterl2.htm

Alarsp {sodium
sl
Crelatin

THE B2

Selective pre emergence
herhicie s alw ke
predeminarntly throuzh roots
kul algo theougs foliEgs. algs
vied post-cmergdnce.

Contro. of broad-lsaved weeds.
Forn:ulatcd as granudes, lguwic.
Alee in mined tormulalions,

Sclagtig, predomindatly pre-
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niuien
MIT?
ni-rniEne
AR Tepn

paraquar

pirimdcarh
pyri-nicarhe

meister12.htm

Tukbin
Trizilin

Dextrore X
Frgram
Cramarone:
Crh Paragual
L
Fillarkxone

Ahal
Aficida
Aphnx
Farnos
Piringx
rapxl

cutzigsice wunias heabiide,
Control of wice racge of

wae s,

I'ommulatzd g3 wg, oo, grarulcs,

Broad specirim cov.tact
berbicide. Absorbsd rapidly
through Eclinge,

Coanrny 0f wide rarge of weeds
ard Erosscs.

Formulaczd as Hgquid (solutlor).
saluble concintrale, witer-
soluble pragules. Ako m mxed
Tormealations.,

Eelemive svstemic apalelde wilk
eqriact atd regporatary actjon
Aovorbod chrougk fclage end
rocts. Alse seme fumigant
act_vily,

Coatrg, of aphidse in vasicus
CInE,

INermulat:d az wp, 2e, ULV,
water-cpluble povkrer or erains,
acrasol. smoke poncraiors. Alse
in mixec Farmulations.

Table part X

IS0 comman name
D:/cd3wddvd/NoExe/.../meisterl2.htm

Irade namey

Liser and comments
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promELry o
proeerryns

propham
fRC

[FC
prophame

propimeh
mezsingh
prop inéke

guimnzene
PN
FKhMNE

T ETRN I
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Caparel
Cicapary
Proruatoal ]
Proanzatrex
Livan

Chum-Hoe
Przpalox
Triherbide [0
Tudiers'e

Adrone
Antragcl
‘Llaiten

Avical
Betrilex
Bragy; ool
Falosan
bl
P dprers

Pre- ang post-zmcrgence foliar
and ool herkbicpde. Selertive in
cElEiE Cripes.

Control of most anaual grasses
ard hroaddeaved weeds.
Formulatzd as wp, s¢ Also in
rixed Coroulations.

nelentive pre-trpergence
Lenlrizide, Absorbed tlyroueh
roots. Also used as sprout
frthalaitor i stared ponceres.

Control of arnoal grossy weeds.

Formulared 3 wp, o0 granmles
Also 10 mixed formulations as
ee, &e, Howic (sohuoaan].

Procective foliar Tungicide with
sevondary acaricida. activity.
Conerol ol several plant
tlisesabs.

Fermueted as »p, duzt, Mao
in mived fonvmolarlnng,

Apecilic sl Tungoide. Alse
used a5 sood treatmont,
Control oF vAHaus akanl
diseases,

Farmuated as wp, co, duin,
gronmles. Also o sl
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Lerrachlor termulations,
Tritizan
T A MaTa (sodior Selective pre—cmeorgence
zalt) herbudd-. Abscrbed through
Terane {sodium  roois.
sali} Cantrsl oF certain grasses.

Formu.ated as water-seluble
praniles {sodiwm safth, powder

Table part XI

1S comman mame Trace nrmes 52z and omoenis
Ocher Sowh nangs

eadiam zakt). Ao i9 mixed
fonndwdations.

thiakendainl= Arhotect Eystemic fungickds. Ahsarled

PEHTIRIGOT e Carafuval taromigh feliage and roosds, Also
Il fel usen] wm usd-lia. vesd Ledlokel.
Mrzozal Cortrgl of fungel pathogonic
Sronlra cligtases.

Sats) Formulated ai wi, . Homgd,

Thitenzola St ke wenergtir. Alio i miked
Tobaz Fomalatiors,

thiophanate Coreoban Trevendive and curatire
Enovit systemic Tungerde with
el SO Ery dearicidal aerivieg
Topmn Contro. ef wide range of
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Fingzi paInOgens.
Tormulated as wr, se. Alse in
mxed Tormulatons,

vermolace Surpass Selactlve dre.emorgence sol.
Vernam ticrbavide.
Contro. of broad-lzaved anc
Erassy wends

Formulated &y oo, sramiles.
liguic. Adsa in mixed
formu.ations.

zinchk Aspor TFrotoctive falar end frois
Zlrébe [iihane £73 fungicide.
Lonacol Conlrel of various plant
iraroate choeazes,
Phtox Formuflated as wp, dost, Also
Tiesne in mixcd Eormulations,
Tritafuaral
£ toaan

Suioes: FErcy, . ard wIdd, =, (Coar 1933, TRe AErockergio2ir denatook. Do g .
LT The Rovel Soaety ol Chomiistry,
Wepethorg, € KL sind Woleor, 50 B gedsp 1963, Tae porsicige mespad, Mh eds,
Cropednn. :ilr]C!r' L E! Th* FritlsT rr:ll'l Tralbd ol Saew™ 1

Table part XII
D. Index of trivial names

(Other than the common name used for the title of
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19/10/2011

entries)
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Aardnesr
Aardappel
Alahaoe
Achera

Achia

Moom
Acrial vam
AfTalu
Affun »ams
Agharit
Agua beadicta
ARUACLna
Apvplachs
bohaz
R T
Adqi
Aipim ahbi
T HE K]
Ajnla
Ajipa
Abaiu
Ak lare g
Akom
Alzvu
Ao
Al luig
Alloura
Adooke

e Tupee tannibo

— Lhiant rgro

meister12.htm

— lerysaleny artichoke Apia — Acrzcacha
Patatc Apio blaneo —0ca
— Tai:u Apio criplln — Atzcachz
— U lar Apulic — Chinere water
arcere ool claminpt
— =g lare Ara — Acrrowrond
ATTOAWRCDL Ararut A rrowrool
— Poiato ram At — AITCwIoo
= Povare yam Ararnia — ueensland
¥allpw g buostarda —  ECrowraal
we Vzllow wacn Albuku — Yacon
— PorAia yam Al — Topee tamba
— T tambn Ariootaa — Yaedn
— Jovwsalens articlghe Ariiuma — ¥acn
Acoroe Srowront
Latuz miot Ao — Arrowoot
— Yau Leau Arracare — A
— Uawan Areow o Lily Chaovar
Cussaen Acpwil vine — Kudzo
— Pulabs yaa ATTUFLE — Amoversot
— & sh-cush yam Aczpghrg, — Llezaaat yam
Tam hean Artichaw ks
— Powaiw yain Lnetg — Swaet poofo
— Afrizan vam b2an Hru-aru — Arrgvrrogt
Patato par Arvi — Tarm
— OGETL 2 Agiate wvam — Legier yam
— ASewoool ASPATapus
— Topae tambe [e= — Wionead bean

Agparague pea  — Winged hbean
Al emme — ¥rllrw v
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Alu

Al

Arngiong

Amande de
rerre

Amaranta

Amki

Amhaj

Anle

Apall

AR

Ao de vea

Aschi

Ba.a

Ha :pn

Ga.ukund

Riiala

Fandera oo
Uribe

sanpkoewzny

Bankanas
Bar>adas

eddoe
B

Basouna
Hata 23]

Latala karcn

Bavdld ue
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— T'otataCranr taro
— Winped beir
— Tam

— Chitra

Ao rool
= Cirgats” yam
- [0t rom
— Eleamant y&m
— Laast) van
— Crlanr 1ara
— Swumm arg
— Sl patito

-

Ao »im

Anslraliaz
R T T

AVHAR

Ava

Daba

Hahar

Tadec
Ralifanar aka
Haino

Daite

Index part I

— Kudru
— Yellmg vam
E:ephent yam

— Fotaic yam

— theenslare
14 L i

= Jam bcan,

— I“alse yamw

— THAru

— Taro

— False yam

— Powdes Swesl
poiatos lannia

- Arracacha

Eranan
arroewToaol

Break hoe

Bua luang

Bu.oza

Bo ki, Bearing
yamm

Bu-ma aariad

Buikg

Lahkzra de
tLepra
Cabrozas de
e
Calarnizmg
Cawbard

amarn w gane

— ¥ellow ysm
— greansland
AriC wrut
— COTeRfet yar
Chyfa
— S faro
— i tamsSeamp
taro
— Tawua
— RYe
Lolus ront
— Kudeaa

— Cegmva
— False vearn
— Lote ront

— Yimn bzan

Potats yam
— Winged Lo
— Chires= waer

ches it

— dprezfer yars

— Chincae waige
it o

— Winrxd bezn
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Taratefal
douche(sl

Batage

sisshetat7el — Swoct poipto
Balaten-wince

Eistarilla
R:tang-

Exeti i i
By~ 0r
Beeg beaa
Bell yam
Herg

Bermada
T LT OOk

Rhen

Brigid

Bihd

Hirah

Birds mamsa

Dobayacsi
R
Heabhmuokha
Tcak

Caszada
Masexd?
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. aFarm —— K HILILF ¥all
— botata yam Camole — Bwesl potalo
Capla polate — Jerusalen atichoks
— Bweel pu.l Capashn — Chiszstand
arEw 00l
$racd — ¥An
— SwiCl petElo (Card branea  — ESreatar ¥wam
— Greater yam Caré cullivade - Cirenter yem
ard de aie — Puolabo ¥ip
~= Winged bean Card de
— Poran yam Angala — Greator vgm
— Arrowhead e R
— Cuth-cush »am ccpinho — Pomato yam
— Queensiand Cad de Pard  — Yollow yams
ArrEwT Gt mara de SE0
Thoiné — Puoata wam
— Arcovwrool ara de
— Lotus sapateing — Paiaic yam
— Giani are Cara dove Cush-cuel vam
— Swamp targ Cam § Iobama -~ Orealer vam
— Giant 1dra _pra mimosa — CLUShCUsE vam
— aeensland Carf maco Arpnroot
Arrow et iy il
— Girenter yom JETUEAlEmT™TE = lerosateml 2 tichoke
— Gidnl ey Carcefe d
— Jermisabem artiriwikr BT — Jeasaleon anliclioae
— Giunt (oro/Sw g carcka de
raro zahallo Yarn becn

Index part 11

Cansavit

— i aKLata

Colews potase — Haosa pacia

R ey I — T
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[TaNK 40P
Caxcamard
Claws,

CFataigne
1 AN
Ckmdhsan
eali
Chavdkarl-
ghevda
Cle-kra
Cherla
Chich pis
<hipin
v hichnda
whigaa
Zhika

C'hinesce =Adne
I"hinesk ke e
Chiness radish
Cleineae are

I Tiingsr @sfar

kls

Tl it
Lhrgus

Chore e
Chopsu

e Ll
Chogay.ys
Cho
Clicu o
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— T auagry
— Cassava

— 3w, pilae
LRara-kobseoh — winpod bean
— Chincse wete-

cleesimin

— Winged ocaa

Witnzed 2ean

— Anuwlicsd

— Eluphunt vaT
Wingad bzan

— "Winued 2zan
— Ll
— Ullusu

— {Tinewe waber

sheatnul
— Tao
— Chinee vaT,
Rodizl
— Tiw

— Lo raxt
<= Leaser yam
Chuzenzlabd
arroee ozl
— arm

— Yau Lean
— aArrrrwhes:l
Tanmwa

— Tau

meister12.htm

W ebaLa i — L miw

i ommren vam - Whikr yam
Cangc
amarilln — Wl yam
Colgia — cirusary anichoke
Cumclic voms e — Casli-wual

VEILI D CELET Wan
Couctre souclhe

domge — Lesser »am
Loauncrr

HHLLD Houwsa petoto
Congsse couche:

bREunche — Cueh ersh yam
Cubne — Aqa
Cleam — G Ea1Er et
Luniomo Ligdtar ¥on
Coika — xa
Cluiva — i
Cainar — Sweer i lo
e — Puiziu vaun.
Carenmy

d"Amergqus — Topes tambe
LI T3 3 P — Cilsravy
€71 and corna

HEZLM Vil © Tellow yam
D — Ekphart »am
Dagmay — Taro
Daikun Ead «h
Tiln Tamn
Drales mi tuen Tannia
Drarn linig — Sweel Joediy
Laancal — lam
Danls, yam — Moty yam

randaha — Cireates var
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Index part III

Then (e Thine — Tarn
Thew carwike Tunoia
Thiwar —- Chavur
L hugss — Lljluwu
Cigartllas — Wingad oan
Clnaran vlne — Chinese vam
CAueer yang — Mittar vam
T — Tara
VLUTIRATD — Tannia, Tan
Cacurine — Tope: tam:aa
Biba — Lesstr yaim
Diégeamn-

t2mgLEre — Alrican vam boan
nimna — Fuldio s
Nokuime — £3iark sarg
Dolique

Talhedax -— Tam bean
Doukali — Dwset pataco
Dwagoa begn — Winged bean
Thiek [OLata — Arrowhead
Dz vam — Yollvw yam
Carik almcnd  — Chulla
EasE mit — Chila
liboe vam — White vanm
Beliga — Anewdicad
FAihk canna — (ueznsland

HTTN T

Eddofel — Taro
Eight mnnniks

arrm i M- hika vam
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1xankoli
Drura-
ArhFThal
Deara
Crasloticin
L¥iLl can
I}tz

Lkzya:
Dz bives

Fowr-cornered

b

Tra-lma potare

— mreet WAl

— Widzied hefn

— Arruwraasl

— Tau

— winzed hézn
Zhiresa waler

iy,

— Hudzu

Ciesivin

— Witaed bean
— Hanae potate

[rijef de jicama — ¥am >caa

Frijnt mirme
Fusaka
Cha s,
Faalos
Gadalegng
Gad-zne
raaank
Canuls
Clauhi
Caliaag
Callza
Garbanse
Cana -zaga
Cipra-gué
Geriza

Faunt cwrdthh

— ¥aim wan

— Yellow vam

— Temg

= Trro

— Inloxizling yam

— Inlozicalire yam
Tero

= Fularo yam

— N A Lado

— Swamp fatg

— Wineed T

— Arncwhead

— Gredler y@rm

— Wwt pulaw
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Joun ST ey
Elephant bread — Flgphant vam
Elephami [oand

ram Elerhant yam
Elephamt's gn — Taow
Elizmto

tubrrmsa cerusalen artichoke
Enensa — Chufa
Yiplien potstn — Fatam
Zpvera Blaneo A rer ook
Brda. tise B ke — Jerusalem argichoke
Erdmandsl — Chitfa
Taweri wam — Bitter yam
Bsuri — Biflel waen
Far-ke — ¥am bear
Favg de covallo --- Wingeed Baan
Fan-ka — Kaunlen
Figal — Kadish
Tigeli — Radish
Pl errowrct — Ean [ndian

atew ool

Técte d'can — Arrowhcad
Flckisre - Arrowhesxl
Fligelbohoe  — Winged bean
Fuwn-anzkd

he2an - - Wingod boan

WO e T o

Lar — SwemE taro
Crglics 00 NER — LOTUS Fowy
C:rasals — Jerusalem artchoke
Gonipivi — Afdcan yam bean
Ca ¥OeTiRTA — Swerr prwain
Gooadhbi iy = Kodze
Gadnte — Yam
Coxa hean — Winzed bear
Goradu — Grestor yam
Circawr Asiariy

¥R — (T EATET YEr
Groaad wmaod  Chigly
Chsca e — Cassava
gt - Tarn

Guate frallina) — Actowraal
Ouivca

FITORTODL — Toapee tam b
Giuinga yim White yam
Guruhili — Sweel jpalade
Hard ¥am — Telliw yir

Har cot dregon - Wingad begn
Har Ll igeanm — Altican yann [k

Hac 1-n-re — Loius roo:
Tathipicx — Jerasalern artickoks
Harichuk — Jerasalan eclichuhe

Index part IV

Hazauka daikan Radizh
H.su — Lesser yam
Hoane:ing — AdrrowToor

—

FHA - $manei- Faanmt kmra
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Irish pogato Palnts
lreima — Polaty raw.
|£amaru — Adn

LS R Twara
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IELrE WAL WAl Adl e Fidkl WP
Hui — Putaig yam
tHupaz — gy
1[igizan — {ica
Hirwt — Greaer Yam
Hivwi hlichik: — Pataro vam
Larzi — Jwamp iaro
[nl== —_— I
[z17am — Yam
[z1ame — Tara Yam
Taame &Y — [erer vam
Izxame bBois Patara pam
12 1ame do

b — Chimese yams

CGrzatcr yam

[Lnding e

blancs = Lezser yam

lgnome Cuines Yedlowe pirt
lzrame

Lisclieni — L_ush-cush Sam
Lgname jawme  — Yellow yam
Iznamekcdle «= ¥am
laname pays

neare — ¥ellow yam
T2aame pnsere

desout — l'octatos yam
Ikamiba — Dirtcr vam
tlis-Llis ~ Slephani ydm
Imbirg — Quecneland

ArrcwIoed
T — Swesr THHATR EArn
Lnurom Chula
Ladiz yaru — Cush-cush vam
Ladizw

D:/cd3wddvd/NoExe/.../meisterl2.htm

. AEE-ME Fg- T ]
Jamaica waler

lily — Lots ool
Lapaiess

arraatont — KEundru
-apaeese radish — Kadish
Sutes — Sweeet Dotale
“dama — ¥am heuan
CHpuima — Vacon ¥am bear
SRl — Yauvu
Eahitsa =~ Fast Indian

B roder ot

Khhaaz

bEliinbing — Winged bezn

Kachaaz bolal  — Winged ban
Kachang botor — Winged been
Kachaag

criteng Winzed bean
kKachanz kelizush — Wingzed bean
Kachang kolor — Winged Bean

Kachil — Ceeatzy yary

e rhaar — Shod

Eachora — Yhod

Emlariism:s — Winged been

K qilz — Farar yam

Eakake — Ywamp faro

Kalengub — Chincsc water
chenut

Ealit — InLazicating yam

Kamal — Lolus “o9l

Karmite — [ NI

Romoteg

halioy — Casava
Eand powida — Elrphanl yam

374/418



19/10/2011

Arro%W T dnd”

[Adich dorue
T4hane
Tl e
Figanee
Lo
[ina.a

Earnifel
Karvkand:a
Kaseeu
Kaziens
Kaape
Kawlacg
bobor
Kaljoradorg

Karjeper
Kartsla
Kanuk
Kawian
Kechipir
Kelwli
Kzlata
Kembili
Katala 1armbo
Eztallz
Ketang
KMjrenr

LIS

D:/cd3wddvd/NoExe/.../meisterl2.htm

— 0TS nonr
Tara:Yam

— Cifanr tan
¥Yam

— iizusa patalc

meister12.htm
— Chuvar-Eae Tochan
ArrcwrooA3kotl

Kangar — Lessar yarn
Kanwzl — Lotus ~oof
Eaps — AFiAnT 1EHm
Kore e Evvept motalc
Final-kavaunisi — Elopliial sam
Kuarake — MW AT TaT0
Eareh pofpen [.easer yam

Eainai kilanzzn — Tl=phant vam

Index part V

— PFarara

-— Intexicat rg sam

— Cluta
— PaTArD Yam
Cassava

— Winaad bear
East [ndian
RITEIET RS B

— Winged bear
— Potals vam
— GreRtET yum
— Lesge: yam

— Wingzzd bear

— Tain
— {assuve

Hiaso potels

— Sweol Maks
— Llasszva

— Isasa potata

LY FYR [ S

Ko hae — Kiwlmi
Ko tieng — Kudm
Kulehi:he — Clinese wals:
chesryiar

Kai Jotoxiczting yam
Kubw — Tare
Boerl b A — l'arn
FroLixliin Tare
Kong Koog

Laaa — lannia
Kobjaz — Elcphent pam
Kooniaku — Elcpham vam
Konnysku — Llephsnt yvarnm
koorka — llau=a »aata
Kepl[Crmip:

Itz Tanfe — Tz tambe
K otorsosi - MAftican yar bean
Kourahan — Falge »am
Kudizinla teigr — Kudmu
Kulzze — African yam bran
Enmalr — oA S Swee

375/418



meister12.htm

\ounger) — Wang2a oean
Keljzpsr — Winazd bean
Khamio = CTTEATET FEM
khoo doy Swrect potaic
Kliwains — Cusrava
K hoai-au

nu'ce rang Taro
Klwa [wne — Sweel alaiy
Khpgi.mo — Gi-eater Yim
Khotoza —- Paicto vam
Khouwau Eu'ce

luiang — lama
Kidaran — Ekxphamt vam
Kiku-imoy — Jo asakn wnichabe
Eillon — intow caing Yarm
Kirnpoal Tunnia
Kisebu — Credier yeanl
Kizarargu — L&sEor wErn
Kinoblen-

suasenbluree — Jerasalen arichebe
K — Kl
Kadi — Lesss: yam
Kos — Elepmin yem
Ko bemp — Kundzn

Kumana
Kumara
Eunchur
Kutc {apkdi}
Kyl

Euwaj
Kuzu-ukan
Lakaics
1.4irer
Lakar-sem

I artlak-lahrt
Loren
Lilerencs

1 pRipr Axialic

YT
| IFTIEY
Iishon ¥:rm
Llazén
Luolak

1 ogkri
Lak

Loki

Index part VI

Lir-er Lolus romst Masoa
L s — Lualus il

| arigiare pam — Sarrl FOrln Mata
Ly Fu Rudish

I nkingas — Ture Mari
Luket — Eair Indian

D:/cd3wddvd/NoExe/.../meisterl2.htm

parano
— Swes! potato
— Swer potato
— Eholz
— {asaava
— {Ireater yam
= Arroahead
— ArToaTool
— Badlsh
— Tupiee lamba
— Winged bean
— KmERT [OTEO
Topee lambo
— Topee lamaa

— Lsker yum

— Tav

— {FBITET Fam
¥Yneon

— Radish

— Tarn
Senp o

— Hasr Indian

Arpeonarroat

Ea:t Indian
AT LA ITEAL
— Chiness water
thesrnul
— Chincse wiiter
sl

376/418



meister12.htm

ATTOWIOOT Magritias bean — Wing:d beat
kabuvi — Swor potaio Mayaca — Cazsava
WacAkn — Tannla Mallear — 1M
kusackan tha Michirui Llacu
hlagaxeine - Cassgva Miza.c — & kaca
Madagascar Muiquichi - [l

porEtn — 1lauss pacata Misksikand — ¥amr hcon
hudére — Taa Mira-aln — JwEEL sIldiy
Maduaa «— L'zmia Mok ook — Hast ‘ndiam
Madafia —- Taama Hly (o e
Ao gnie — Knidm Monjatn i RN L ELT
hakmcl Euxsd Indion Mecola Endish

aLLow ool Moriscaverm — Wineod bean
Wt lonral v ] — lannigs 1316 Motha — Llucka
blalaoney — Tarn Meuckassc — Acrowman”
miamneH — Cahave Mo — Rudish
Manala — Gianl targ Mg -yu — Elephant vam
Mamank oo — Talsc vam huchiceli — Wl
[NEY T I — 3s5AvE Muiana — Swamp M40
Mondk: ke LaLsans Mulle Eudizh
Mandroc 1. inle- Rdullizuigl — Radish

s5l3a — Ar-Acachs Mcllznkl — kadish
WMangureld Taaria Meli — Rulish
Manatwot — Casave Kl llong — Eadish
Mamila bean — Winged b2aa Muruksvan — Winesd bean
Manioe — Chasave Muyé-muva — Arrowlzad
Wantarhe — (ilanrrao MwanIT — Bwarp 13
Mankanda Ciame taro Myonk-ni Swa porata
Mau rek =~ Patalc vam AT — *am
MANAC — ALAYs Mame amarga — Riter yim
“Maew Swamp fary Mume smardlo Yellow yam
Mapiey ame asidrics  — Lesstr yameGroater

s — ¥rlmy yam YEMML
e o Tuiich Fosh uren ame amerne 1 scenns waen

D:/cd3wddvd/NoExe/.../meisterl2.htm 377/418



19/10/2011

ITLApFHSD e

yaranpash
]’!-_1-.1

“aracta ‘s

Washia

r;.lanw ~hirma
Mame SOnNGga
T_ilﬂ.mc sriolla
Mame Ar @pug
Hamg [de)

] rhinn

Mame dp la
_Indhia

MName dol airc
Mame 4= mata
Mame 1o ming
Wame g-ande
:;J.nme Lviano
_ hlanco
elame martarla
]":_I:lme nBgo
Nune paza
!‘:\Ia.m: PUQUEs
clame vie
Wanmie yrawpl
"'_-Inmf

MNume

Mangale
rlari‘s

LIF tenY

D:/cd3wddvd/NoExe/.../meisterl2.htm

uate vmLoar pom

— LRECRicaiiny vatm
— Ar-ownoed
— MfiL

meister12.htm

[ 1= [N TTRR=FEE W18

~ame hlawer

Hame chine

Index part VII

— Yelaw yam
— Fotsto vam
— Folsto saus
— Piteqter yam

— Chinese yam

— Cush-cash yz2m
— Fotato yam
— Foisto vam
— Careater yam
— Cize3rer yam

— Whiic ya.

= Cush-r 1ih y=m

— ¥¢Fow yam

— Lesser vam

— Legier Vard
Cush cash yam

— Cusbi-cash yim

— Irokeaning yam
Ixoxkating yam

— Grgater yam

- AT

- MAnuw

CRHCUTNG Sumian
henrf
CHLL

kool

{pu duda
o

™ kucha
D1 vovprzan
Cllago

Do

inae

o

T Aa%aSul JRLLR

w— LIreater Yamswhire

yem

— Gireatet vaisLesser

yEm

— Tanniz
Grroler yem
— (Hgnl LAy
— il hse warer
chestaa:
— Afrhan yanl bean
— b.epheunt wvam
— Elgphent yam
— Tain
— Wiveu
Thufa
— Biirer varn
— Larzaler ram

(robi Singapere — Potato yam

T kelapa

Orrental radich

oy

— ¥ir2g1er yatn
— Fadizk
— Laephant yam

ket pmatn — Povaro yam

wiharo
Crvy
Ty

Macalz
Parlma
Ralacunda

— Wellow vam
— rsdler v
— Chinese warer
chestvn:
— Grcalor ram
— T.urns ok
Shoci

378/418



19/10/2011

Megiv viun — Whi varsYellow

wam
Mes cocovrant Tanuia
I — Yelluw ram
Hilaga —- Chinedé waler
zhesinct
MNille Lili — Ly woeal
rlinfra A'Feeftn — T rihs Took
Morouks Afrieanh o beor
M — Puolatu sdn
Mupelta) — %Em bean
Mut exldew — Tamua
MNyambi — ¥n
Myagn — Yam
bk - Krrenter woey
Cihl-djalar — Sweet pOrETr
Ul jawa — Sweet polEtD
Obirkaoc — Caastvi
e — Tanmia
Ocumie zalin — Tarn

meister12.htm

Falawau — Sy La

Falanan — Swaimp [ars
Pabdumpa — Irtoedcating vam
Fallaun — Wizl ean
Falua — Shaj

Palukn Swmarnp [ore
Farrt — LT vain
Fame — Tl yam
Pankaja Lotus raot
Pupzan — Fotas

Hapey dar e — Pdlule yam
Papa del aic — Pocato yat
FPapa extragjera — 04

Hapa Lisa — Ll

Pope olodcrn Pooty yam
Fappas - Swzel AL
Hacupa-pufung — Waigesd besn
Paahpoll — Ihtaxicdting yam
Parara dalce — Swer wHAIO
Patara (douse) — Sweal potarg

Index part VIII

Fatatars — Putato

Matzic=cochon = Yam bcan

Fatale gaune) — Rwesl pirtain

Palmi Lotus root

Piui — Chinese iz
chectmiar

gmpo -— Alwea yam bean

Pi-nyfl — Winged bran

t*era dh terra — lérdery arlichoke

D:/cd3wddvd/NoExe/.../meisterl2.htm

Parato bean Yo beran
FaraLy vam — Lesscr vam
Patak — ['Hinese waler
Lasstnut
fo-13a] — Chinese waer
P LA 1T
Pousse on l'awr — Dotate vam
Prituess pel — Winged kean
Proner vam — YWhite vam

379/418



19/10/2011 meister12.htm

Peruviom rarrol — Arrsacacha Pacudoho -
Preuvidan tacla — TurpsslaT arirhoke
PArErip — Arracacha Pyhuka — hant tars
Pr-saurg-si- Funia — Swdng an
133 ar 75} — Winged hean FuRgapnaz . Flepltan® yum
Pfeilkaui Ar-gmhegd Murefkal - - Swamp aze
Picilwue s — Arowroo Pucpelz — e sland
FHia — Eagt Indan arrawraul ArT W o,
arroaw ik I"wdel — SWamp A
Fi jhawict — Acowlead Chueg ey e — lanaia
J-'ljliwur'_el — Ar-evarog, Qu;ba — [
Hindu Giatl zre Chu quisque Terr
Fipi-adi — Chingse wadler Chy o s — Tam
chastmar Bacacka — Agrrddacha
Tising — Ta*e Radis — Radiah
TifT'sl — COimese #doer Fam-Rase — Yam bean
chesimi ET —_— st
Poice A2 10w B arcadera — Tucriz
cocher — Yan Farala — Hausa puala
Pons aiks - Winged bean Ratvla — Liteater vam
Mot cazhou — Yam bcan Ranla - Motato yam
Pois carre — Winged bran Kem ck - Radish
Troi: Tan: oo — Yam boan Eher — Eudzu
P ¥ncrian Bipani — Ratiah
AFCOWTEINE — Fail Tmdam Eon artichokr — Tarnssleor o artichoke
BEF Y FCHSL Eove Adncan yom bean
Poam e AT IETEY ] — Lilucu
rre — Pocalo Eush evt — Clila
Pornitie de Enkidokong — Wingod bean
e celen — Adavada B =d Jul s I R TINTLNTT
HFeumme Je Suplnmie — Aarnnrhegd
lerre du Engpr Aot
sk Al icaa vam bician Bape bglamda — Anowicul

D:/cd3wddvd/NoExe/.../meisterl2.htm 380/418



19/10/2011

| "CTIATIF
|"orate hutote
Fer . wput=se fi.f.

Ralugs

214
Hankalu
wamked alu
Saemali
Sarhoi
Saroian
Barstey imao
See-koh4an
Segicila
Sepuwdilia
Fauulbey

Seng K 12TE
Sculd
Saquudilla
Screrclla

Ragp
Resquidilla
Shambe kayi
Sihazibolasan

Sigarilya
Rilakaniinm
Simindnu
Sincatoms
Skitmats

D:/cd3wddvd/NoExe/.../meisterl2.htm

— FlTEANT vam
- Yum bean
- Wiy s

meister12.htm
5agT b
Sakgurou
muli

Index part IX

— Hausa pasera

— Cagiovs

= Fa Lean
— Tarh bBean
— Lagsér ram
~ Lcsncr vam
— Tarn

-- Bmap: potate
— Wil Lsaw
— Winged hean

Winged pzan

— (ueens.ace

ATTCYRT0O

Yot beot
— iianr targ

— Winped bean
— Wingcd bran
— Adriwn vam bBeun
— Winged B2aa
— Winged bran
— Chinese water

sheetut

— Wingud boan

— 1. 2356 ¥am

LSwarnp tar

— Y¥am bear

— Rwrr noitAbe

Jmoor vaim
Tdeee

T4 i

abrmy ok
Taola
Tatugeara)
Tajer
TAakward
I'a anu
Tuao populag
Taian
T3t mer
Tanvowt
Ta1 Kapz
Tan.oea
Tazoka
Tarate
Ta:a ds Chine
Tau hily
Talzsd
Tun
Tawelafs)

Tarilodambi o

I'aniba

— Arrwy il

Crredler vioh

— Anvwenl

— Ekplianal raon

— Eayl Indisn

e o0l

— Bar indian

arroarsot
— Tanna Tae

— L#sgor vam
Taonwu

— Falst adm

— art

-—— Tanna

— Ekpdiuid vam

— l'ann:a
— Tanniz

— Swamn e

— Caszava

— Cazsava

— Larls ‘ot
Tatc

— Tam.

— Tainia
Tore

— Fast Judian

b= L & M fwlul |

— Ea=t .ndian

TR TR RN ]

- l'arc

381/418



meister12.htm

Ckurz—-kords — Sweorm potate
S — Potale vam
Soowey — Elephant yam
Souche:

comesidble . — Clula

bBpanith petate — ¥woct potato
St. Yinzenl

Wreowrom — AL
Sudatt 2xale — Hacsn antate
Sugl — i heenslond
ATrCWrITnnT
Yunroot TerLmalemn artichnke
Suraa — Clcphanl yam
SHrn — Flephant yam

Swanp potatc Merpakendd
SGwan potate — Mrrowhead
Sweet com

rodl — Topee laman

— Tanmia

Index part X

L - Lrpliznd yan
Timhrs - Ll
Tigupo — Llluar
iy se e — Taunis
Tieepir

hze-has — Winged bean
Tieepir wa-ioo  — Winged hean
Tioctjoopir - Wiinyeed bean
Tonga — Lgssor y2m
Trosa-paon = Winrel beam
Taoinamhbioiu® — larigalaen srtickFele

D:/cd3wddvd/NoExe/.../meisterl2.htm

Taynh-=
Tayonnz -~ Tannia
Tawa 1w — Tunnia
Teké — Chines: wa'es
chesirai
Tch Lhe c= Chipess water
Lheslonl
Teinga pargtd  — Elapbant vam
Toov kuring — Shos
Tery pue=h — Shan
Ten months
Yo — Gireater waun
Tenu reskok — Cassava
Tzpuraka — Swamp tamo
T=ve — Elg il v
Three leavec
¥yem Bitres paum
Tiger v — aala
Lita — SmAnip (A0
UL oot — Ll
Umala — Dwir potiio
LImara — Swuel potalo
Jraro — ArawmTon
Uven — {aunt tarc
Cwi — rgdler ¥2m
Vaaga = gl Lare
vatke — Haua patato
Va paka = Kadzu
Veagrec — Swemer rvwain

382/418



19/10/2011

e e i
Tupmnambaye

thEemir - Tanst ramhn
Topiambpe  — Topee fembag
Tiupie

numEcurs = T nprt tamba
Tous o3 mess - — Oresaasinml

A1 Ch L

Tavaed = frank “5pc
Trident yesrn  — Lesr yem

Tiohaliane vam = By rac.
Irourte dous: = Sweet vaic

Taa pm — Wingved becr
Tagi = Tewer yur
Inrepinambdin = Tapse 737 ik
Tueuky — Elausa potale
T = Lussc: yam
Turkey hwer

yor - Patats vam
Thrs = CFuearer womm
| weglre oS

YATY — Yellow yam
1" kn — Al iead
Lals = Sweer sofato
L'n-a — Ewret poteto
LI byt — ‘Tupee 1winby
Ll = TEClzs yam s

potne

|NIERFET TS - Folar ramn
Lio kuyu — [ ascawva
Ubi kemali — Greatzr yam

Ll sengauang = Yam aan
L7 singKong = HssEVE
L7 ukihaa — Patato yom

D:/cd3wddvd/NoExe/.../meisterl2.htm

meister12.htm

P o

Vie {gaga;
YViz kuna
Yrapmkca
Wiasi
Virmed
Vitian

Youtanga
Wala
Waloor
W
Woarrar
YWirdlu
WaLErnm

Water varm
Wes Incliao
ArPLE LAl
White eddoe
Yekirg Cininea
yam
Whie Marla
»Hm
Wkhie potaie
Wic yanl Loan
5wl Willizams
AN W TG
Wimecd pea
Winped wirm
Wa v

A" yaka
Ya

e e
— giant arg
— XWIME PArs
- LARTE A0
- Fuigtn
— Ardenha
- Fail indzn
g1
— Sawpsl W alo
-— Lerger ¥om
— Llphant yom
— Lesslr yam
- Ewamp targ
— FoLaty
— iR waler
chaatrut
— QAL yam

— Arnmeraal
— Tam

- Whte yam

— [irslrT et Ta ]
-- PFalale
— Adnican vaen b,
— Eanr Indian
ATFCWTOAL
— Winged bean
— TreAret ¥an
- “hinaie water
che=tout
— Yam hran
- Tara

383/418



19/10/2011 meister12.htm
U7 e — lesser ¥am Y& Dk — Tara

Index part XI

Yahia — Egor Indian Yeoom laa — Potata
IO ! Yeti — Swoot potede
Yahyaban — Esst Incian Ysamn — AFr
ar-gmer ot Yico — Caggava
YTaku = Kudeu/ vam bzan Yicu ok bejuoe — Yan legn
Yam —= SwST AT Yqudia — Alrdamat
Yam a out ren — Yellow vam Yotao Tura
Tam pea — Afrhcan yac Twan Falear ~- Fnorl
Y anee — C.ueh-curh vam Jamunkund — Elzphant vam
Tampiicl — 2nsh—<ash vom Fanhoria
Yaw swarzel — Yam Planes — Arracacha
Vang shy - Potato Zdardeka abori — Sweel polato
Yau;in — Cazsava’ Tannia Tl — Glus
Yantia 1avek  — Tanmla Fednarwirad - — Shoel
Yautim J23 Zedoaty Showi
ango saaoms — Tampia ZFemha — Queaslund
Yoam — Foalaly rams Swect ArTos rou
toaa 21t bt
Yallwa € owinsn ki1-4 i — Shoti
»arr Yoeblow i Zula ne- — Fkulu
Telow
rutsaips — Chinla

Index part XII

Printed for Her Majesty's Stationery Office by Hobbs the

D:/cd3wddvd/NoExe/.../meisterl2.htm 384/418



19/10/2011 meister12.htm
Printers of Southampton
(3202/85) Dd8304964 3/87 G3371

Home"" """"> ar.cn.de.en.es.fr.id.it.ph.po.ru.sw

o Root Crops (NRI, 1987, 308 p.)

1 (introduction...)

1 Acknowledgments

] Preface

] Introduction

] Abbreviations

] African yam bean (Sphenostylis
stenocarpa)

] Au (Tropaeolum tuberosum)

sma @<l Pesdest DHgasi s § - Beossa Pahss

D:/cd3wddvd/NoExe/.../meisterl2.htm 385/418



19/10/2011

D:/cd3wddvd/NoExe/.../meisterl2.htm

meister12.htm

= Arracacha (Arracacia

3 XPPEDAHERF RS agittaria
sagittifolia)

1 Arrowroot (Maranta
arundinacea)

] Cassava (Manihot esculenta)

-] Chavar (Hitchenia caulina)

-] Chinese water chestnut
(Eleocharis dulcis)

-] Chufa (Cyperus esculentus)

1 East Indian arrowroot (Tacca
leontopetaloides)

1 Elephant yam (Amorphophallus

~SPpP.)

| False yam (Icacina

senegalensis)

386/418



19/10/2011

D:/cd3wddvd/NoExe/.../meisterl2.htm

meisterl2.htm

3 Giant taro (Alocasia

_ macrorrhiza)

-] Hausa potato (Solenostemon
rotundifolius)

] Jerusalem artichoke
(Helianthus tuberosus)

] Kudzu (Pueraria lobata)

1 Lotus root (Nelumbo nucifera)
] Maca (Lepidium meyenni)

] Oca (Oxalis tuberosa)

1 Potato (Solanum tuberosum)

] Queensland arrowroot (Canna
indica)

1 Radish (Raphanus sativus)
-] Shoti (Curcuma zedoario)
) Swamp taro (Cyrtosperma

387/418



19/10/2011 meister12.htm
chamissonis)

] Sweet potato (Ipomaea
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The term 'root crops’ is applied to plants which produce
subterranean structures that may be used for human or
animal food. They are normally perennating organs,
storing plant nutrients through a resting period (dry
season or winter) which are used in the regrowth of the
plant when growing conditions are again favourable.
The word 'root’ is often a misnomer, as in many cases
the storage organ may be morphologically a modified
stem, eg a swollen rhizome or corm, or a tuber such as a
potato, rather than a swollen root as in carrot or sweet
potato. All these swollen underground organs are
commonly spoken of as 'tubers’.

Root crops are the second most important source of
carbohydrates in the world's food: FAO figures for world
production in 1981 showed 1,661 million tonnes of
cereals and 561 million tonnes of root crops. The
tropical world, however, where root crops are
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proportionally much more important, produced 82
million tonnes of root crops and only 42 million tonnes
of cereals. In many tropical countries where rice is not
grown they are the staple diet. In general, protein
content is low, but some, for example Solanum
tuberosum (potato) and Dioscorea spp. (yam), provide
significant amounts of certain vitamins.

The following pages briefly describe 42 root crops, the
most important of which are Manihot esculenta
(cassava), Solanum tuberosum (potato), Ipomoea
batatas (sweet potato), Colocasia esculenta (taro),
Xanthosoma spp. (tannia) and Dioscorea spp. (yam).
Many others are of only minor or local importance, but
have been included to make this compilation as
comprehensive as possible.

Each crop is listed alphabetically under its first common
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name, followed by local names. In the index of 'trivial’
names (Appendix E) these local names are cross-
referenced to the first common name. Selected literature
references are given, but are not exhaustive; some
crops, eg Manihot esculenta (cassava) have been the
subject of so much study that lengthy bibliographies for
them have been published, and such bibliographies are
included in the relevant lists of references.

Data about each crop are arranged under the following
headings:

Common names

Widely used English nhames are given, the first being
printed in capitals and being used for the alphabetical
arrangement of the entries and for cross-referencing.
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Botanical name; Family

Nomenclature closely follows the Index Kewensis and
its Supplements

Other names

Most plants have a wide range of local nhames, and many
of these are listed, with the country or language to
which they normally apply being appended in
parentheses. Less common English nhames are given
without the country being indicated.

Botany

A short description of the plant, its form and habit,
varietal differences and systematics where appropriate
is given.
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Origin and distribution

Brief particulars of the origin and distribution of the
crop are given.

Cultivation conditions

The main climatic regions in which it is possible to
cultivate the plant are given in accordance with van
Royen and Bengtson. The climates of the world are
divisible into tropical, subtropical, intermediate or
temperate and polar types.

Tropical climates have an average annual temperature of
above 25°C, no month having an average temperature
below 18°C. Subtropical climates have short, mild
winters and long growing seasons. There is a period of
1-2 months when freezing temperatures may occur,
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though the average temperature of the coldest month is
above 6°C. The summer temperatures may be as high as
those of the tropical climate. Intermediate or temperate
climates, ie those between subtropical and polar, have
cold winters and warm to hot summers. They vary from
areas where the winters are short to those where they
are long and severe. All intermediate climates have a
season of frost as well as a frost-free season.

The humid tropical climates are tropical rainforest,
tropical monsoon, and tropical savanna. The tropical
rainforest has no pronounced or prolonged dry season,
an annual rainfall of 200-400 cm or more, a relative
humidity of around 80 per cent and a high and uniform
temperature with annual means ranging from 25 to
26.5°C with little seasonal variation. The tropical
monsoon climate exhibits marked daily and seasonal
temperature changes, has an annual rainfall of 100-200
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cm with abundant rainfall during the wet season,
alternating with a period of drought lasting 4-6 months
or longer. The tropical savanna climate has a rainfall
often exceeding 100 cm annually, well spread over 120-
190 days, with a prolonged drought often lasting 6-7
months. The climate is hot with a moderate range of
temperature. The dry tropical climates are subdivided
into semi-arid or steppe type and arid or desert type. In
the areas of tropical steppe climate the rainfall is
occasional, though seasonal and commonly averages
20-50 cm or more annually; the temperature is variable
but high at all seasons. The desert climate has a rainfall
usually averaging less than 20 cm per annum, and a
daytime relative humidity (RH) commonly less than 50
per cent.

The subtropical climate is subdivided into dry
subtropical or Mediterranean and humid subtropical. The
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former has an average annual rainfall generally below
75 cm, in some places below 50 cm, with most of the
rainfall occurring during the cool season. In some
regions there is a moderate amount of summer rainfall,
while others may be nearly rainless during this period.
There are about 6-8 months with an average
temperature below 18°C. In humid subtropical regions
the rainfall averages above 75 cm per annum, with no
pronounced dry season. There are generally 4-6 months
with an average temperature below 18°C. In both types
of subtropical climate frost may occur during the coldest
period.

Humid intermediate climate has an annual rainfall which
ranges from 50 cm in the drier parts to 200 cm in the
more rainy sections. Dry intermediate climates have an
annual rainfall which is commonly less than 50 cm. They
may be subdivided into middle latitude steppe and
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middle latitude desert; the former having an annual
rainfall of 15-50 cm and the latter less than 15 cm per
annum.

Plant growth requirements are arranged under the main
headings of temperature, rainfall and soil, with
additional factors such as altitude and day-length noted
where they are crucial. The possibility of growth under
irrigation is mentioned when describing rainfall
requirements and any positive evidence concerning the
effects of fertilisers is included in the information on
soil. The main climatic zones in which the root crops
listed are generally grown are shown in Appendix A.

Planting procedures

Information concerning the type or types of planting
material is given, with brief mention of their relative
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merits, and with special emphasis on the preferred type,
where more than one type of planting material is
available. The usual methods of planting are given,
together with details of field spacing and, where
applicable, seed rate.

Pests and diseases

The most serious pests and diseases attacking the crop
in various growing regions are noted, along with
methods of control. (A list of the pesticides referred to
in the digest is given in Appendix C.)

Growth period

An approximate average or range of time lengths from
planting to harvesting is quoted.

Harvesting and handling
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The most common and best methods of harvesting,
handling and storage are briefly indicated.

Primary product

The part of the plant for which the crop is primarily
grown and the form in which it is commonly marketed
are given. Normally one form only has been selected and
this is shown at the beginning of the heading; this form
will be used as the basis for quantitative data given in
subsequent headings, unless otherwise stated. In some
cases where there are other main products, eg seeds or
pods, these are noted separately.

Yield

A good average yield of the primary product is given.
Yields obtained in different regions or circumstances
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may be separately quoted.

Main use
The main use or uses of the primary product are given.
Subsidiary uses

Additional uses of the primary product are entered
under this heading.

Secondary and waste products

Useful by-products resulting from the processing of the
primary product or prepared from other parts of the
plant are listed, together with their uses, etc. Major
waste products which result from primary or secondary
product processing are noted, with possible outlets
where applicable.
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Special features

Information is given on the chemical components of
importance in the plant, and the main nutrients of the
edible portion are listed wherever possible. The
percentage composition often varies widely according to
the variety, locality, conditions of growth, etc. so
'typical’ figures are quoted, taken from the most reliable
source available, eg FAO Food Composition Tables,
recent papers, etc. Only a few publications quote ranges
of high and low values; workers in the nutritional field
are advised to seek local information for the food in
question. Fibre and protein represent 'crude’ fibre and
‘crude’ protein (N x6.25) respectively, unless otherwise
stated.

In addition, the presence of constituents that may call
for special treatments, eg toxins, are indicated, and also
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of those that may have value as drugs, antibiotics, etc.

Processing

The main processing operations through which the
primary product may have to pass in order to produce a
final marketable commodity, are listed. In certain
circumstances, similar information may also be given for
secondary products.

Production and trade

There is very little statistical information available
regarding the production and trade of many of the
individual root crops included in this digest, largely
because most root crop production in the tropics is in
smallholder units. Moreover, the major part of the
production is consumed locally, since tropical root
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crops, owing to their high water content and
perishability, have not assumed any great significance in
international trade. Where information is available,
details are provided of: (i) the estimated average worid
production of the crop; (ii) the output of the major
producing countries; (iii) shipments from the major
exporting countries; and (iv) shipments to the major
importing countries. In some cases only very
fragmentary information is available, in others none. In
view of the extreme variations in exchange rates,
commodity prices and general economic instability of
recent years, prices have not been included as any such
figures could be misleading.

Major influences

Any factors which might have a significant influence on
the future supply of and demand for the commodity are
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mentioned under this heading.

Particular attention is paid to possible competition from
synthetic materials and other substitutes.

Bibliography

Textbooks, technical bulletins, research reports, papers
given at recent symposia, articles in technical
periodicals and bibliographies are cited. For some root
crops literature is scant, but for many it is extensive,
and the bibliographies for each individual crop are
selective and by no means exhaustive. Emphasis has
been given to material published between 1972 and
1982.

Home"" """"> ar.cn.de.en.es.fr.id.it.ph.po.ru.sw
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m Root Crops (NRI, 1987, 308 p.)

] (introduction...)

1 Acknowledgments

] Preface

] Introduction

] Abbreviations

] African yam bean (Sphenostylis

stenocarpa)

1 Au (Tropaeolum tuberosum)

1 Arracacha (Arracacia
xanthorrhiza)

1 Arrowhead (Sagittaria
sagittifolia)

Eraa asa Pasdean Digasl s § - Becesa Fanss

1 Arrowroot (Maranta
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elé'ggﬂi)%am%)\ihot esculenta)

-] Chavar (Hitchenia caulina)

] Chinese water chestnut
(Eleocharis dulcis)

] Chufa (Cyperus esculentus)

] East Indian arrowroot (Tacca
leontopetaloides)

] Elephant yam (Amorphophallus
spp-)

1 False yam (Icacina

senegalensis)

] Giant taro (Alocasia
macrorrhiza)

] Hausa potato (Solenostemon
rotundifolius)

] Jerusalem artichoke
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_ (Helianthus tuberosus)
| Kudzu (Pueraria lobata)

] Lotus root (Nelumbo nucifera)
] Maca (Lepidium meyenni)

1 Oca (Oxalis tuberosa)

1 Potato (Solanum tuberosum)

] Queensland arrowroot (Canna
indica)

] Radish (Raphanus sativus)

-] Shoti (Curcuma zedoario)

| Swamp taro (Cyrtosperma
chamissonis)

] Sweet potato (Ipomaea
batatas)

] Tannia (Xanthosoma spp.)

] Taro (Colocasia esculenta)
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= Topee tambo (Calathea allouia)

-] Ullucu (Ullucus tuberosus)

-] Winged bean (Psophocarpus
tetragonolobus)

] Yacn (Polymnia sonchifolia)

' Yam (Dioscorea spp.)

-] Yam bean (Pachyrrhizus
erosus)

O Appendixes

Abbreviations

a annum
Abs. Abstract acet.
val. acetyl value

oO-r [ 7 (| -
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cm centimetre

cm?2 square centimetre

CV. cultivar

eg for example

etc and so on

°F degrees Fahrenheit

FAO Food and Agriculture Organization of the United
Nations

FYM farmyard manure

g gram

ha hectare

HCN hydrogen cyanide

ie that is

iod. iodine value

val.
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IU international unit
Jr. Junior

K potassium

kg kilogram

km kilometre

krad kilorad

I litre

m metre

m2 square metre

m3 cubic metre

mg milligram

mm millimetre

N nitrogen

|Kudh Inot-amvallables .. |
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iU IS actuve 1niuca
No. number

NPK nitrogen: phosphorus: potassium

P phosphorus

pH hydrogen ion concentration

Poll val.|Polenske value

pp. pages

ppm parts per million

RH relative humidity

RM val. |[Reichert-Meiss| value

S sulphur

sap. saponification value

val.

SG specific gravity

SD./7sbb.ISbecies . |
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SSp. |Subspecies

syn. Synonym

t tonne

TPS true potato seed

TS total solids

unsap. |unsaponifiable matter
val. Value

var. variety

wt weight

Geographic and langauge abbreviations used

Afr. Africa
Am. America
Ang. Angola
Ant. Antilles
Ar. Arabic
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Arg. Argentina
Bangl. |Bangladesh
Barb. |Barbados
Beng. |[Bengal
Boll Bolivia
Bom. [Bombay
Braz. |Brazil
C. Central
Cam. |[Cameroon
Camb. |[Cambodia
Carib. |Caribbean
Col. Colombia
C. Rica ||Costa Rica
Cur 'Curacao
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Cy. Cyprus

E. East

EC European Community
Ecu. Ecuador
Eth. Ethiopia
Fr. France
Gab. Gabon
Gam. ||Gambia
Ger. Germany
Gh. Ghana
Gren. |Grenada
Guat. ||Guatemala
Guin. |Guinea
Guy. Guyana
IHaw. [Hawaii
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Hind. |Hindustani
Ind. India
Indon. |[Indonesia
Ir. Iran
Is. Island(s)
It. Italy
Jam. Jamaica
Kiri. Kiribati
Lat. Latin America
Am.
Madag. |Madagascar
Mall Malaysia
Mar. Is. |Marshall Islands
Mart. |Martinique

D:/cd3wddvd/NoExe/.../meisterl2.htm

415/418



19/.10/2011 . 7 meisterl2.htm
Maur. |[Mauritius
Mex. Mexico
Mol. Moluccas
N. North or New
N. New Guinea
Guin.

Nether. [Netherlands
N. Cal. [New Caledonia
Nig. Nigeria

N.Z. New Zealand
P. Rico ||[Puerto Rico
Pacif. |Pacific

Pak. Pakistan

O T HHPOHTCS
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Polyn. |Polynesia

Pon. Ponape

Port. Portugal

Salv. |[El Salvador

S. South

Sam. ||[Samoa

Sen. Senegal

Sol. Is. |[Solomon Islands
Sp. Spain

Sri. La. ||Sri Lanka

St. Saint

Sud. Sudan

sur. Surinam

Swah. |[Swahili

MTah Tahiti |
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AR [
Tam. Tamil
Tanz. |Tanzania
Thai. |Thailand
Trin. Trinidad
Tuv. Tuvalu
Ug. Uganda
USA United States of America
Venez. |Venezuela
Viet. Viethnam
W. West
W.I. West Indies
Zar. Zaire
e -
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