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Abstract: Legumes are mostly known by

their protein and oil rich seeds, but the main

value of the old Andean legume crop

“ahipa” (Pachyrhizus ahipa) resides in its

nutritious tuberous roots. Traditionally, ahipa

roots have been consumed fresh, but

nowadays they are also a source of valuable

starch and other sub-products. Ahipa can be

cropped without the need of N fertilizers

due to the capacity to fix atmospheric N2, in

symbiosis with appropriate rhizobial strains.

In temperate regions, with the use of

efficient rhizobia, economic yields may be

obtained in rainfed or irrigated agriculture.
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Introduction

Among the different species of root crops

native to the Andean region of South

America, there are some which are little-

known and today at the risk of extinction (1,

2). Cultural changes, social factors,

management difficulties together with the

increased production of cash crops are

pushing these species away from their

traditionally areas of production (3, 4). Ahipa

(Pachyrhizus ahipa [Wedd.] Parodi) is a

tuberous-root producing legume cultivated

by indigenous cultures in pre-Columbian

South America (4). As with many other

crops in the Andean region, loss of valuable

cultivars is likely as the cultivation is being

gradually abandoned by traditional producers

(4-8). In Northern Argentina, the last record

of ahipa production was dated in the 1990s

(9, 10). However, ahipa cropping still

remains in Bolivia although in very limited

and isolated areas (7). Ahipa roots are

traditionally consumed fresh, and according

to traditional knowledge, they hold certain

x

medicinal properties (2).

Here, we provide an update on some

physiological, agronomic, and food

properties of ahipa. Increasing popularity of

this crop may lead to new uses and may

reduce the loss of genetic biodiversity.

Roots

The tuberous roots of ahipa (Figure 1)

have traditionally been consumed raw, as a

vegetable, providing vitamin C and energy

(starch and sugars) in the diet of Andean

communities (5, 11); or processed into juice

as traditionally consumed during the festival

of Todos Santos (2, 6). Ahipa food properties

include energy and dietary fiber, with low

anti-nutrients contents (12). The roots also

can be used for preparation of staple foods

like West African gari, which is normally

made with manioc root (Manihot esculenta

Crantz) (13), or in the production of raw

materials like biodegradable plastics for

industrial applications (14, 15). Particular

properties of the root starch make it an

x
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content has been found in ahipa seeds (23)

and breeding programmes for developing

rotenone-free cultivars are in progress (24).

Agronomy

Most of the available agronomical data on

yam bean involve the tropical Mesoamerican

relative P. erosus (25), but there are main

differences between ahipa and P. erosus in

growth habit, ecophysiology and product

quality (4). Cultivation of ahipa in the main

production areas of Bolivia (Departments of

Chuquisaca and Tarija) follows traditional

knowledge and it requires intensive hand

labour mostly for management (weeding,

reproductive pruning, etc.) (26).

For harvesting roots of marketable size

(0.3‒0.5 kg), around 180 days of cultivation

are required for growing conditions in SW

Spain but available accessions are highly

variable in final root size. Maximum root

weight obtained in isolated plants in field

conditions reached 1.5 kg. However, roots

for raw materials extraction or for animal

feeding should require shorter growth

periods. Sowing date affects productivity

when delayed as growth season is shortened

(27).

Low temperature is a main limiting factor

to be considered as it greatly reduced

productivity in areas of cool nights (27). Low

temperature in the autumn (air temperature

just reaching -1ºC) may cause frost damage

in shoots. Apparently, the species do not

show acclimation induced by shortening days

and cool nights (28).

Flower pruning and root yield

In order to obtain increased root yield

reproductive organs (inflorescences or

flowers only) are removed by hand to reduce

sink size and avoid fruit-root competition for

carbon assimilates and nutrients (29, 30). By

following such management practice, a

significant increase in root yield is obtained

(31, 32) but with the need of intensive

manual labour. Assays with growth

regulators (gibberellins or ethylene-releasing

chemicals) provided satisfactory results for

reducing reproductive development and

increasing root yields (29). There is an

important variation in the number of flowers

produced in available accessions (33). In field

trials, yield of unpruned accessions ranged

from 9 to 40 tonnes ha-1 (20). Seed

inoculation with selected rhizobia strains

significantly increased root yield soils of low

N content (27, 34).

x

diseases) which have yet to be scientifically

proved. The dry matter content in ahipa

roots ranges from 16.3‒21.1% and it

contains up to 48–54% starch and 19–28%

sugars (17, 20, 21).

The protein contents in the roots are

higher than in other starch-accumulating

species (manioc, sweet potato (Ipomoea batatas

(L.) Lam.), yam (Dioscorea L. spp.)) and they

may contribute significantly to its nutritional

quality (22). No major storage protein in

ahipa roots has been identified and are

mostly salt-soluble (60% of total tuber

nitrogen) (22).

Seeds

The seeds of ahipa (Figure 1) can

potentially become a valuable source of

protein and oil for feed and industrial uses

once the rotenone content is removed,

yielding similar values to soybean (20). The

ahipa seeds contain high protein content

(22). The high oil content of seeds provides

similar fat yield to soybean (Glycine max (L.)

Merr.) (21) although the main differential

features are the high palmitic acid and total

tocopherol contents (20). A main deterrent

for the use of seeds for feed or food is ‒ as

mentioned above ‒ the content of the toxic

rotenone (C23H22O6). Variation in rotenone

x

x
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alternative for gluten-free flour (16) or food

thickener (15, 17), and it has also been tested

for production of biodegradable starch films

(14).

Two parts may be distinguished in the root

system of ahipa: a cylindrical xylopodium,

with sprouting capacity; and the proper

tuberous root, which is predominantly

fusiform or radish-shaped (7, 18), with a

variable thickness depending on the

accession (4) and the sowing time and

density of plantation (19). The process of

tuberization begins at around 60 days after

germination by the increased production of

root parenchyma cells by the vascular

cambium (18). Interestingly, the beginning of

tuberization and flowering are simultaneous

processes in well characterized day-length-

neutral accessions like AC521 (19), a period

in which reproductive pruning, i.e. the

removal of flowers, should start for

increasing final root yield (4). Available

accessions produce a single tuberous root

per plant although some individuals

produced secondary roots with storage

capacity. Ahipa roots constitute a more

nutritious energy source than other root

crops, providing proteins, dietary fibres and

minerals (11, 45). Traditional uses of roots in

folk medicine (7) have been related to their

curative properties (stomach and lung

x

Figure 1. Ahipa plant at harvest, showing pods and tuber. Photo courtesy E. O. Leidi.
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Conclusions

Ahipa, a tuberous-root legume, appears a

promising alternative to other traditional

crop sources of raw materials, like starch and

proteins. Still to be studied are the

nutraceutical properties traditionally

associated to fresh root consumption. With a

low environmental impact and low input

requirement, ahipa provides an attractive

alternative to traditional sources of

carbohydrates for conserving non-renewable

resources and maintaining farmer

profitability.
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Climate and soil requirements

The limited cultivated areas with the

species in South America have a semiarid

climate with mean temperatures of 16‒18 ºC

and wide diurnal oscillations and 400‒700

mm of annual precipitation (4). The species

seems to be rather sensitive to low

temperature at germination (optimum

around 30ºC) or high temperature during

vegetation (above 35ºC) (35).

Soils from the original habitat of the

species in South America may differ widely

to those in South Portugal and South West

Spain where different ahipa landraces have

been tested (27). However, sandy soils with

reduced mechanical impedance and good

aeration would facilitate root growth and

reduce risks of anoxia in rainy seasons.

x

Nitrogen

A distinctive feature over other

carbohydrate-producing crops relies on its

N2 fixation capacity with rhizobia (32, 34,

36). Nodules formed in ahipa roots are

initially spherical and then develop as

indeterminate nodules with many branches

(Figure 2). Seed inoculation with effective

rhizobia greatly increases root and seed

production and the selection of strains for

symbiotic effectiveness may provide greater

shoot growth and N content (34).

Inoculation with superior strains increased

significantly ahipa seed and root yield and

seed protein content under field conditions.

The estimation of N provided by symbiotic

N2 fixation reached 160‒260 kg N ha-1 while

the amount of N left in crop residues was

approximately 50 kg N ha-1.

Figure 2. Seed inoculation with rhizobia results in initially spherical nodules which later develop in indeterminate nodules with many branches.
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