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Introduction – Tropical Tuber Crops and 
Their Importance

Food security and climate change are among the 
top themes included in the present-day develop-
ment agenda (Nayar, 2014). Tuber crops are the 
second most important group of  crop plants af-
ter cereals (Table 1.1), but a wide gap exists be-
tween them.

In fact, the importance of  cassava can be 
gauged from a comment by Rosling who referred 
to it as the ‘Cinderella of  the poor’ because its 
rapid spread in Africa led originally to an im-
provement in agricultural productivity and pre-
vented potential famine in some areas (Rosling, 
1987). While cereals contribute 49% energy 
towards global food security, the share of  tuber 
crops is very meagre (5.4%) (Table 1.2).

Presently, tropical tuber crops (TTC) are be-
ing consumed as staple foods, as secondary staple 
foods, and as vegetables, mainly in the tropics. The 
main TTCs are listed below: (Kay, 1987).

1. Arracacha, Peruvian carrot, Peruvian  
parsnip

Botanical name Arracacia xanthorrhiza

Family Umbelliferae

Other names Apio, arrecate, Batata baroa

Botany Stout semi-caulescent herb

Botanical name Arracacia xanthorrhiza

Origin and 
distribution

Origin in Peru, Ecuador, 
Brazil, Mexico

Growth period Secondary tubers mature  
in 10–14 months after  
planting

Primary product Tubers with delicate flavour, 
crisp texture, white creamy 
yellow or purple flesh

Yield 3–18 t/ha depending upon 
growing conditions

2. Cassava, Manihot, Manioc, Tapioca

Botanical name Manihot esculenta

Family Euphorbiaceae

Other names Aipi, Brazilian arrowroot

Botany Perennial shrub with latex in 
all its parts which produces 
enlarged tuberous roots.

Origin and 
distribution

West Africa, Brazil, Indonesia, 
Thailand, Peru, Mexico

Growth period 9–24 months

Primary product Dark fleshy, cylindrical  
tubers

Yield 30–40 t/ha
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3. Chinese water chestnut, matai, waternut

Botanical name Eleocharis dulcis

Family Cyperaceae

Other names Apulid, buslig, potok

Botany Variable, annual, stout, 
tufted, aquatic, sedge plant

Origin and 
distribution

Grows wild in India and 
south-east Asia

Growth period Maturity in 7–8 months

Primary product Corms

Yield and starch 
content

20–40 t/ha

4. Sweet potato

Botanical name Ipomoea batatas

Family Convolvulaceae

Other names Apichu, Skurar-kanda

Botany Herbaceous perennial 
vine

Origin and distribution South and central 
America

Growth period 3–8 months

Primary product Starchy tuber

Yield 8–30 t/ha

Table 1.1. Food balance sheets of tuber crops, 1961 and 2009 (FAO, 2009).

Particulars
All tuber 
crops All cereals Potato Cassava

Sweet 
potato Yam

Roots, 
other

Production (Mt) 445.2/720.4 779.0/2251.6 270.4/331.4 62.4/219.8 97.1/101.8 8.0/47.0 6.6/20.3

Feed (000 Mt) 99.3/163.8 288.4/746.2 70.9/37.7 16.3/79.0 10.4/39.8 0.9/6.6 0.8/0.7

Processing (000 Mt) 79.8/62.2 31.6/95.2 24.2/25.3 6.0/22.5 5.3/6.6 0.9/5.2 0.8/2.7

Food (000 Mt) 407.5/406.9 590.5/976.7 108.9/219.3 37.6/95.0 80.3/55.4 46/25.6 4.7/13.6

Food supply (kg 
capita-1 year-1)

77.4/61.1 128.0/146.7 35.7/32.6 12.3/14.3 26.3/8.3 1.5/3.8 1.5/2.0

Food supply (kg 
capita-1 day-1)

176/136 1078/1292 65/61 32/37 71/22 4/11 4/6

The first figure in each case is for 1961 and the second is for 2009.

Table 1.2. Contribution of tuber crops to food and nutrition, 2009. (Source: FAO, 2009; ‘contributions’ 
calculated by the author.)

Item
Food supply (kg capita-1 
year-1)

Energy (kcals capita-1 
day-1) Contribution (%)

Tuber crops 61.1 136 5.4

Cassava 14.3 37 1.9

Sweet potatoes 8.3 22 1.5

Yams 3.8 11 0.3

Roots (yautia, tannia) 2.0 6 trace

Cereals 146.7 1,292 49.0

Rice 52.9 532 20.5

Others items’ contribution: oils = 12.5%; meat and eggs = 9.5%; sugars = 9.0%; fruits = 3.0%.
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5. Taro

Botanical name Colocasia esculenta

Family Araceae

Other names Abalong, arvi

Botany Small herbaceous plant

Origin and distribution Most parts of the 
tropics; very important 
in the Pacific regions

Growth period 8–10 months

Primary product Corms and cormels

Yield and starch content 5–10 t/ha; 12–20%

6. Tannia

Botanical name Xanthosoma sagittifolium

Family Araceae

Other names Badoo, Chou

Botany Large herbaceous plant

Origin and distribution Tropical central and 
south America

Growth period 9–12 months

Primary product Cormels

Yield and starch content 20–35 t/ha; 20%

7. Elephant foot yam

Botanical name Amorphophallus paeoniifolius

Family Araceae

Other names Anto, Telinga potato

Botany Large perennial herb

Origin and 
distribution

Tropical Asia and Africa

Growth period 8–12 months

Primary product Corms

Yield and starch 
content

20 t/ha; approx. 20%

8. Yams

Botanical name Dioscorea sp.

Family Dioscoreaceae

Other names Cara, ighnam

Botany Subterranean tubers or 
rhizomes

Botanical name Dioscorea sp.

Origin and 
distribution

West Africa, Caribbean and 
tropical America

Growth period 8–12 months

Primary product Tubers

Yield 12.5–25 t/ha

9. African yam bean

Botanical name Sphenostylis stenocarpa

Family Leguminosae

Other names Akitereku, yam pea

Botany Herbaceous climbing vine, 
reaching 1.5–2 m in height.

Origin and 
distribution

Ethiopia, Africa

Growth period 5–10 months

Primary product Tubers

Yield and starch 
content

3461–3872 kg/ha; 25%

 10. East Indian arrowroot

Botanical name Tacca leontopetaloides

Family Taccaceae

Other names Kabitsa, makmok

Botany Perennial herb with a 
tuberous rhizome producing 
large and small tubers

Origin and 
distribution

South-east Asia

Growth period 8–10 months

Primary product Tuberous rhizomes

Starch content 20–30%

 11. Giant taro

Botanical name Alocasia macrorrhizos

Family Araceae

Other names Alavu, Boro

Botany Tall succulent herbaceous 
plant; grows 4.5 m in height

Origin and 
distribution

Asia and South America

Growth period 12–18 months

Primary product Fleshy aerial stem

Starch content 17–25%
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 12. Coleus

Botanical name
Plectranthus rotundifolius, 
Solenostemon rotundifolius

Family Lamiaceae

Other names Chinese potato, Hausa  
potato

Botany Small herbaceous annual, 
grows 15–30 cm in height

Origin and 
distribution

West Africa, south Africa, 
Madagascar, south and 
south-east Asia

Growth period 6 months

Primary product Adventitious roots modified 
to edible tubers

Yield and starch 
content

7–15 t/ha; 20–24%

 13. Kudzu

Botanical name Pueraria lobata

Family Leguminoseae

Other names Arrowroot vine, magnagna

Botany Small perennial twining herb or 
shrub with elongated tuberous 
roots

Origin and 
distribution

China, Japan, east Asia

Growth period 2 years

Primary product Root tubers

Yield and starch 
content

5–7 t/ha; 20%

 14. Lotus root

Botanical name Nelumbo nucifera

Family Nymphaeceae

Other names Ambuj, kamal

Botany Perennial aquatic herb

Origin and 
distribution

South and south-east Asia, 
Africa and Australia

Growth period 6–9 months

Primary product White globulous rhizomes

Yield and starch 
content

5 t/ha; 18%

 15. Oca

Botanical name Oxalis tuberose

Family Oxalidaceae

Other names Apioblanco, quiba

Botany Small compact annual 
tuberous herb; grows 
20–30 cm in height

Origin and 
distribution

Andes and south Colombia

Growth period 8 months

Primary product Rhizomatous tubers

Yield and starch 
content

4–5 t/ha; 12%

 16. Queensland arrowroot (Canna sp.)

Botanical name Canna indica

Family Cannaceae

Other names Achera, purple 
arrowroot

Botany Perennial, herbaceous 
monocotyledon

Origin and distribution Andean region of 
South America

Growth period 6–8 months

Primary product Rhizomes

Yield and starch  
content

25–50 t/ha; 24–30%

 17. Shoti

Botanical name Curcuma zedoaria

Family Zingiberaceae

Other names Indian arrowroot

Botany Perennial with fleshy, 
branching rhizomes

Origin and 
distribution

India, south-east Asia

Growth period 10 months

Primary product Rhizomes

Yield and starch 
content

8–12 t/ha; 12–15%
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 18. Swamp taro

Botanical name Cyrtosperma merkusii

Family Araceae

Other names Paluka, puraka

Botany Giant herbaceous 
perennial, grows 3–4 m 
in height, with very large 
leaves

Origin and 
distribution

Indonesia, Philippines

Growth period 2–3 years

Primary product Corms

Yield and starch 
content

7–10 t/ha; 28–30%

 19. Winged bean

Botanical name Psophocarpus tetragonolobus

Family Fabaceae

Other names Goa bean, dragon bean

Botany Leguminous, climbing 
perennial

Origin and 
distribution

Asia, Africa

Growth period 5–8 months

Primary product Root tubers

Yield and starch 
content

2–6 t/ha; 20%

 20. Buffalo gourd

Botanical name Cucurbita foetidissima

Family Cucurbitaceae

Other names Stinking gourd, wild gourd, 
wild pumpkin

Botanical name Cucurbita foetidissima

Botany Herbaceous perennial vine, 
bearing 1–30 stems, usually 
1–5 m long and 1.5 cm girth, 
from a perennial taproot

Origin and 
distribution

North America, central 
America and Mexico

Growth period

Primary product Fleshy tap roots

Yield and starch 
content

15%

Out of  the total contribution of  5.4% energy 
from all the tuber crops (from annual consump-
tion of  61.1 kg capita-1 year-1), cassava contrib-
utes 1.9% energy (from 14.3 kg capita-1 year-1); 
sweet potato, 1.5% (from 8.3 kg capita-1 year-1); 
yam 0.3% (from 3.0 kg capita-1 year-1); and ar-
oids 0.2% (from 2 kg capita-1 year-1) (Table 1.3).

The area, production and productivity of  
different edible TTCs are given in Table 1.3.

The Consultative Group on International 
Agricultural Research (CGIAR) facilitated a 
study conducted jointly by the International Food 
Policy Research Institute (IFPRI), Washington, 
DC, and the International Potato Centre, Lima, 
Peru (CIP) in 2000 to determine the present con-
tribution of  TCs to food security and to draw up 
a plan of  action for 2020. The results indicated 
that in 2000, TCs contributed 5% energy to-
wards food security and the study recommend-
ed that this might be enhanced to 6% by 2020 
(IFPRI, 2000). This target has not been achieved. 
Table 1.4 gives the number of  countries/entities 
in which TCs constitute a staple or major crop in 
2009, compared to 1961. The data show that in 
the case of  TCs, the number of  countries where 
they form a staple or secondary staple has been 
slowly and steadily reducing over the period.

Table 1.3. Area, production and yield of tuber crops, 2016 (FAOSTAT 2016).

Crop Area (106 ha) Production (108 t) Yield (t ha-1)

Cassava 23.4 2.77 11.8

Sweet potatoes 8.6 1.05 12.2

Yams 7.5 0.65 8.67

Taro (Cocoyam) 1.67 0.10 6.06
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The UN (2012) defined that food security 
‘exists when all people at all times have both 
physical and economic access to the basic food 
they need’. TTCs constitute staple food in three 
major regions of  the world: tropical Africa, 
Oceania and the Caribbean islands. In the last 
five decades, another observed phenomenon is 
that as the income levels go up, the populations 
consume fewer vegetarian and more of  non-
vegetarian items. Further, even among the veg-
etarian diets, the shift in food preference is from 
‘inferior’ vegetal items like millets and TTCs, to 
wheat, rice, and potato. This trend is affecting 
the growth of  TTCs.

The world’s population is expected to rise to 
9.4 billion by 2050 from the present 7.2 billion 
(UN, 2012). Most of  the population increase is 
taking place in the developing world. According 
to UN estimates, as many as one in seven – more 
than one billion people – is going to bed hungry 
each day. Almost all are in developing countries, 
mostly sub-Saharan Africa and south Asia. In re-
cent years, China has made remarkable progress 
in eliminating the number of  undernourished 
people. Elimination of  undernourishment is one 
of  the priority aspects of  the UN's Millennium 
Development Goals (MDGs); but here another 
disturbing aspect has been observed – about a 
third of  all food produced is lost globally – 1.3 
billion tons approximately (FAO, 2011). This 
varies from 19 to 36% in different regions of  
the world (Fig. 1.1), during the various stages of  
production to consumption.

The losses during the production process 
are higher in less developed and economically 
backward countries and wastages during the 
consumption stage are highest in developed 
countries. The per capita food wasted in North 
America and Europe is estimated at 95–115 
kg head-1 year-1, while it is only 6–11 kg head-1 
year-1 in sub-Saharan and south-east Asia. In 
tuber crops the maximum losses in potato take 
place in medium and high-income countries 
during grading and consumption, while in cas-
sava, in sub-Saharan Africa, the losses happen 
during production and post-harvest handling 
(FAO, 2011). Avoidance of  food wastage may 
be achieved only through serious efforts via 
appropriate political and social actions and po-
litical leadership. The UN recently appointed a 
high level Taskforce on Food Security to study 
this aspect. This Taskforce (UN, 2012) identified 
the three greatest challenges in the 21st century 
as: ensuring food security, mitigating climate 
change and adapting to climate change. Several 
other agencies have also examined this aspect 
from their various perspectives (FAO, 2009, 
2012; IFPRI, 2010; NAS, 2010; CGIAR, 2012; 
UN, 2012). They have concluded that an average 
increase of  2°C in the near-term appears inevita-
ble, and an increase of  3°C mean temperature 
appears possible. The just-released report of  the 
IPCC (2014) has discussed only mitigation. It 
has observed that total anthropogenic green-
house gases (GHGs) have continued to increase 
with larger absolute decadal increases (2.2% 

Table 1.4. Number of countries where tuber crops form a staple or major food, in 1961 and 2009 (FAO, 
2009).

Commodity 

Number of countries/entities
Total: 172/236

Staplea (1961/2009) Majorb (1961/2009)

Cassava 18/19 14/9

Sweet potato 5/2 4/5

Yam 4/4 6/6

Roots, other (taro & cocoyam) 6/4 11/5

Tropical tuber crops 33/29 35/25

Potatoes 9/8 22/47

Note: The first figure in each case is for 1961 and the second is for 2009.
aStaple: when the daily consumption is 100 or more kcal head-1

bMajor: when the daily consumption is <100 kcal head-1
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year-1 during 2000–2010) compared to (1.3% 
year-1 (1970–2000). Even a 2°C increase would 
reduce food production in most of  the lowland 
tropical and subtropical farmlands and will have 
a profoundly destabilizing effect on global food 
production (Foley et  al., 2011; Nature, 2013). 
TTCs supply 28.5 kg food and 75 kcals of  en-
ergy head-1 day-1. That is almost half  the total 
contribution of  TCs. Whilst the area under TTCs 
increased by only about a third during 1961–
2011 (Table  1.5), production increased by as 
much as 250%.

The area/production trends in TCs, espe-
cially in TTCs, have been inconsistent during 
1961–2011, except in the case of  (i) in all the 
crops, productivity has increased by about 60%; 
(ii) in cassava and yams, both area and produc-
tion have been steadily increasing in recent 
years, though they have not been making the 
kind of  dramatic increases being shown by the 
two major cereal crops, wheat and rice. There 
are several reasons for this: (i) most of  the R&D 
efforts are being made in only the major ce-
real crops; (ii) the observed increases in cassava 
and yam production may be attributable to the 

greater resilience of  these two crops to climate 
changes in sub-Saharan Africa. The FAO identi-
fied cassava as one of  the most climate-resilient 
crops. Very soon, it is felt by many experts that 
yam may also be identified as a climate-resilient 
crops. This will prove advantageous as it could 
help in attracting more funds for R&D. Until a 
few years ago, nearly three-quarters of  all sweet 
potato grown in the world used to be cultivated 
in China. Then China took a policy decision to 
reduce the area under this crop substantially. 
At the same time, several countries in middle 
Africa, such as Uganda, Rwanda, and Burundi, 
have taken up sweet potato cultivation, which 
has, in effect, partially offset the major reduc-
tion in area and production of  this crop globally 
following China’s decision. The two aroid crops, 
taro and cocoyam, have made only moderate 
increases in area and production (Table 1.5). 
Presently, the TTCs contribute a meagre 3.4% 
energy to global food security and efforts should 
be made to double this by 2030. Narrowing the 
yield gap (Table 1.6) is the least difficult and fast-
est procedure to increase crop production. This 
can be achieved by providing sound technical 
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advice, making available the needed inputs like 
seed, manure, etc., and making arrangements 
to buy the excess produce from the farmers. The 
examination of  the current yields of  the TTCs 
shows that the highest, lowest and world aver-
age yields in cassava and sweet potato are very 
comparable.

Cassava is a very long duration crop 
(10–12 months) and sweet potato a medium 
duration crop (3–4.5 months). This shows the 
unique ability of  the sweet potato to produce 
potentially high yields. At the other extreme, 
the aroids (taro, yautia) show the lowest world 
average yields. However, the optimistic indicator 
here is the prevailing wide gap in yields (× 10.0) 
between the highest yielding country (China, 
22.9t ha-1) and world average yield. Further, 
some of  the TTCs, especially the sweet potato, 
produce more energy per unit area than even 
the cereals (FAO, 1999, 2000). Though low in 
protein, the TTCs contain higher amounts of  di-
etary fibre (up to 20% on dry weight basis). Taro 
is high in potassium. The starch granules of  ar-
oids are only about one-tenth of  the size of  other 
starch crops. This makes them very suitable for 
infants and invalids (FAO, 1999, 2000). There is 
also much variation in the GI (Glycaemic Index) 
values of  the same crop when processed in dif-
ferent ways. For instance, in a gari preparation, 
made of  cassava in Kenya, the GI value was a 
low 39. It also calls for developing processing 
techniques by which GI values can be reduced: 
as in gari, as stated above. Biofortification re-
search is underway in the following crops (WHO, 
2014): (i) sweet potato for enhancing iron and 
zinc content; (ii) carotenoid biofortification in 
sweet potato, and (iii) cassava for increasing pro-
vitamin A content. The Biocassava Plus (BC+) 
programme is an ambitious project funded by 

the Bill and Melinda Gates Foundation engineer-
ing cassava to impart several positive attributes 
to it. It has the poorest tuber-keeping quality 
among all the TCs. Most of  the cassava tubers 
are rendered unfit 48–72 hours after harvest. 
It is affected by a serious virus disease, the cas-
sava mosaic disease (CMD). Further, it is afflicted 
by a serious antinutritional factor, hydrocyanic 
acid. The first cultivar #60 444 released under 
the BC+ programme contains up to 40 µg dry 
weight of  α-carotene (1.5–2.5 µg g-1 in control), 
40 µg g-1 iron (1 µg g-1 in control) and 10% pro-
tein in storage roots (2% in control). The shelf  
life of  the tubers has been enhanced to 28 days 
(80% spoilage in seven days in control). It is also 
significantly resistant to the cassava mosaic dis-
ease. The studies are progressing (Fregene et al., 
2000; Sayre et  al., 2011). Among the other 
TTCs, biofortification has been taken up also 
in sweet potato (WHO, 2014). The biofortifica-
tion work done on sweet potato has been to en-
hance its vitamin A content by increasing the 
anthocyanin content of  the tubers and leaves 
and popularizing the cultivars possessing these 
attributes. This work is being carried out by 
Harvest Plus, an initiative of  CGIAR. Cultivars 
having high carotenoid content possess deep or-
ange or yellow flesh tubers. Aroids, mainly taro, 
have also been receiving some international 
support, mainly from Australia, the European 
Union (EU), and Bioversity International (BI). 
These programmes are TAROGEN and TANSAO 
(SPC, 2001). The project TAROGEN, funded by 
AusAid which has been concluded, was meant 
to collect and catalogue taro germplasm of  
the Pacific, including PNG. Under this project, 
nearly 20,000 accessions were collected and 
studied for their variability (TAROGEN, 2014). 
The International Network for Edible Aroids 

Table 1.6. Yield gaps in tuber crops, 2012.

Crop 

Yield (t ha-1)

Highest Lowest Average

Cassava 36.4 (India) 1.4 (Burkina Faso) 12.8 (World)

Sweet potato 32.7 (Reunion) 1.5 (Bhutan) 12.9 (World)

Yam 22.1 (Japan) 3 (Bhutan) 11.5 (World)

Taro 22.9 (China) 1.2 (Côte d’ Ivoire)   2.3 (World)

Yautia 10 (Cuba) 4.2 (Mexico)   8.4 (World)

Source: FAOSTAT, 2012.
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(INEA) ( www. ediblearoids. org) is an ongoing 
project with a broader mandate covering some 
countries in south-east and south Asia, and 
tropical Africa and Oceania also. It is meant to 
test the adaptability and performance of  selected 
taro material for yield and field reaction to leaf  
blight. The future potential of  TTCs lies in the 

ability to double their contributions to food se-
curity from the present <4% of  daily energy to 
about 8% by 2030 and increase the utilization 
of  starch from these crops in industrial applica-
tions. Similarly, the use of  TTCs in animal feeds 
should be enhanced to provide added impetus to 
their cultivation.
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