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Societal Impact Statement

Using Taro (Colocasia esculenta) as a case study, we examine how perception gaps
contribute to negative feedback loops that create or maintain the orphan status of
certain crops. For students and researchers seeking uncrowded areas for study, or-
phan crops and crop-wild-relatives offer large open spaces, figuratively and literally.
Learning how to see what has not been seen may in turn help us to reduce our global
dependence on very few crops, and the risks that follow from this. The combination
of climate change and variability and increasing population has painted a dark picture
of future food security for many regions in the world where resources are scarce. The
key to future food and nutrition security may very well lie in unlocking the untapped
potential of orphan and overlooked crops.

Summary

The present distribution of taro (Colocasia esculenta), as a cultivated food plant, ex-
tends from southern to northern Africa, western Asia to eastern Asia, throughout
Southeast Asia and the Pacific Islands, and through the Americas, from the USA to
Brazil. Despite its vast geographical range, high nutritional value, and considerable
trade as a fresh and processed crop, there has been relatively little interest in taro
and its wild relatives among research funding agencies, and little effective or large-
scale assessment of production, trade and usage. Given the proven ability of this crop
to grow under diverse climatic regimes, from the equatorial tropics to northern and
southern temperate zones it may be useful to consider perception gaps that contrib-
ute to disregard of the crop. Here we suggest and discuss a range of perception gaps
that together may explain the status of taro as an orphan crop. Perception gaps exist
because of many factors: dogma, linguistic diversity, social biases, under-research,
limited physical visibility of living wild populations, poor archaeological visibility,
missing production numbers and inaccurate distribution maps. These contributing
factors are shared, to lesser or greater extent, by many other orphan crops, but the
disjunction between actual utilization (significant) and research effort (minimal) may

be greater for taro than for most other “orphans”.
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1 | INTRODUCTION: FEEDBACK LOOPS
AND ORPHAN CROPS

Feedback occurs when information about the outcome of an activity
is fed back into the activity (Capra, 1996; Sundkvist et al., 2005). In
other words, a system component can itself be influenced indirectly
by the changes it has induced, and this also applies to food system
components (Sundkvist et al., 2005). Feedback loops can act as con-
trol mechanisms: in ecology, it is recognised that “negative loops
counterbalance change and have a stabilizing effect, while posi-
tive feedback reinforces change and amplifies rather than reverses
change” (Allaby, 1994).

Amplifying feedback favors major food crops on a global scale.
These crops attract infrastructure, marketing, and research invest-
ment that increases their visibility and economic dominance, lead-
ing to further investment. This amplifying feedback loop has led to
global dependence on a very small number of commodity crops. The
State of the World's Biodiversity for Food and Agriculture mentions
that out of 6,000 plant species that have been cultivated for food,
fewer than 200 make major contributions to food production glob-
ally, regionally or nationally (FAO, 2019). Just five crops—wheat, corn
(maize), rice, barley and soybean—have come to occupy approx. 60%
of the world's agricultural lands (Leff et al., 2004), and the spread
of these and other commodity crops has led to regional homogene-
ity across industrial cropping systems globally (Martin et al., 2019).
The 2020 Global Nutrition Report (Global Nutrition Report, 2020),
an annual independent assessment of the state of global nutrition,
paints a similar picture. Among the key challenges highlighted by
the report is the visible lack of dietary diversity. According to the
report, agricultural policies have prioritized improving varieties of
these crops to increase their productivity, neglecting other, more
nutrient-dense crops, which are sometimes referred to as minor or
orphan crops as a result.

Amplifying feedback can also reinforce negative effects, leading
minor or less commercially valuable crops into a spiral of decline.
This is apparent, for example in the expansion of coffee and other
perennial cash crops into areas of shifting agriculture based on an-
nual subsistence crops (Meyfroidt et al., 2013). As land for minor
crops is lost and their cultural or economic importance declines,
they tend to disappear. This tendency can be worsened by internal
competition of minor crops for the limited arable land remaining for
them. In Kenya for example, monocultural sugarcane farming has
replaced indigenous vegetables, and among the vegetable species
that remain, there has been further competition as the local ecol-
ogy and food culture change (Masayi & Netondo, 2012). Complete
disappearance of a minor crop is not inevitable however, as minor
crop species and their varieties may persist in geographically, eco-
logically and economically isolated locations or in persistent social
niches (such as backyard gardens in urban landscapes). Diverse agro-
ecosystems still exist outside the large areas of intensive monocul-
ture (Martin et al., 2019), and numerous international, national and
local efforts are being made to preserve crop diversity. Balancing

the scales, however, is difficult when a few large weights occupy one

side, and the many small weights that remain lie scattered and out
of sight. Such is the situation of orphan and minor crops. For crop
diversity, a balancing feedback loop is not yet in sight.

Is taro an “orphan” crop? Falcon et al. (2017) describe “orphan or
minor” crops as those that are: ‘...typically not traded internationally
but which can play an important role in regional food security. For
various reasons, many of these crops have received little attention
from crop breeders or other research institutions wishing to improve
their productivity.” Most orphan or minor crops have also received
relatively little attention from archaeologists, ethnographers, and
historians, a situation that naturally reflects their lower visibility in
archaeobotanical records, and less obvious cultural or economic sig-
nificance in the living world. While plants have many economic uses,
most discussions of orphan crops focus on food plants, leaving an
even greater number of crops so neglected that they are not even
recognized as “orphans”.

Global initiatives like the African Orphan Crops Consortium's
(AOCC) list taro among the 101 traditional orphan or neglected crops
that are considered important to local diets (AOCC, 2020). Similar
statements can also be found on the Crop Trust webpage (Crop
Trust, 2020). Scientific publications often refer to taro as an orphan
(Akwee et al., 2015; Lebot, 2009; Lebot et al., 2018; Vaneker, 2013),
or neglected and underutilized crop species (Chivenge et al., 2015;
Mabhaudhi et al., 2017; Mabhaudhi et al., 2019), and no international
research center has a mandate to support development of the crop
(Lebot et al., 2018).

While emphasizing the ongoing importance of root and tuber
crops, and presenting projections for their production in 2020, Scott
et al. (2000) considered just four examples: cassava, potato, sweet
potato, and yam. Data for taro were aggregated by these authors
under “cassava’, due to a lack of taro-specific data for global com-
parisons, and taro was therefore only mentioned in the footnotes
for cassava. The lack of historical data for taro production and
trade thus prevented projection for its future production and trade.
Without such projections, growers and traders are unlikely to see
economic potential in the crop. In our view, this example suggests
that a feedback loop is reinforcing the low visibility of taro in dis-
cussions of global food supply, and confirms the status of taro as an
orphan crop.

The present distribution of taro (Colocasia esculenta), as a cul-
tivated food plant, extends from southern to northern Africa
(Grimaldi, 2016; Grimaldi & van Andel, 2018; Grimaldi et al., 2018;
Grimaldi, et al., 2018), western Asia to eastern Asia, throughout
Southeast Asia and the Pacific Islands, and through the Americas,
from the USA to Brazil (Matthews, 2006). Despite its vast geograph-
ical range, high nutritional value, and considerable trade as fresh
and processed crop, there has been relatively little interest in taro
and its wild relatives among research funding agencies (Manners &
van Etten, 2018). In addition, there has been little effective or large-
scale assessment of production, trade and usage. Among root crops,
taro is unusual in also having highly-nutritious leaves (petioles and
blades) (Ferreres et al., 2012; Isabelle et al., 2010; Standal, 1983)

that are commonly consumed (young leaves of cassava and sweet
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potato can be eaten, but this does not appear to be general for ei-
ther crop). As a result, taro as a whole offers a very rich complement
of nutrients (carbohydrates, proteins, vitamins, antioxidants, and
minerals; Huang, Titchenal, & Meilleur, 2000; Kaushal et al., 2015;
Maga, 1992; Matthews, 2010; Nip, 1997, Onwueme, 1994;
Opara, 2003; Standal, 1983).

Maintaining living collections of this vegetatively propagated
root crop (either in field or under tissue culture) has always been
expensive, and many institutional ex situ collections have been tem-
porary, or have been reduced in size because of disease or lack of
sustained funding (Ebert & Waqainabete, 2018). There are many
historical, cultural, and practical reasons why taro continues to be
under-supported as a subject of academic and practical research.
Given the proven ability of this crop to grow under diverse climatic
regimes, from the equatorial tropics to northern and southern tem-
perate zones (Matthews, 2004) it may be useful to consider percep-
tion gaps that contribute to disregard of the crop.

Here we suggest and discuss a range of perception gaps that to-
gether may explain the status of taro as an orphan crop. These gaps
arise from contributing factors that are shared, to lesser or greater
extent, by many other orphan crops, but the disjunction between
actual utilization (significant) and research effort (minimal) may be
greater for taro than for most other “orphans”. Despite its long his-
tory, positive attributes, and global distribution, taro has attracted
very few large or sustained investments of research effort.

This article is based on a poster originally presented by the first
author at the XIX International Botanical Congress, July 23-29, 2017,
Shenzhen and partly reflects his own first-hand experience of map-
ping wild taro populations in many countries, in the general absence
of prior literature on the existence of such populations. We present,
for the first time, a global distribution map for taro based on docu-
mented sources. Are the perception gaps too many and too large, or
are there inherent qualities in the plant, or in human responses to
the plant, that prevent taro from gaining greater favor? The exam-

ple of taro may provide a good starting point for considering how

FIGURE 1 Cultivation of taroas a
summer crop in Andong Province, South
Korea, in the northern temperate zone
(nearly 37 degrees North) (photo by P. J.
Matthews)
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perceptions and perception gaps contribute to the underutilization
of many crops. Learning how to see what has not been seen may in
turn help us to reduce our global dependence on very few crops, and

the risks that follow from this.

2 | WHY DO PERCEPTION GAPS EXIST?

A range of perception gaps for taro can be summarized as: (1) Dogma
limiting the field of view; (2) linguistic diversity and naming leading to
confusion or limited communication; (3) social biases or a reputation
that are not favorable; (4) little scientific research; (5) limited physical
visibility of living wild populations; (6) archaeological visibility of past
production is poor; (7) production numbers are missing in agricul-
tural databases; and (8) distribution maps are few and sketchy. This
list is obviously not comprehensive, and in each case, further studies
are needed to distinguish cause and effect, or to recognize the main

contributions to a negative feedback loop.

2.1 | (1) Dogma: taro is more than a “tropical root” crop

“Tropical crops” often refer to plants that grow naturally in tropical
climates, between the Tropic of Cancer and the Tropic of Capricorn
(between latitude 23.5° north and south of the Equator). In English-
language research literature on taro, the plant is often described as a
“tropical root crop” (Johnston & Onwueme, 1998; Onwueme, 1994;
Scott et al., 2000; and others). This description could be perceived
as a form of ‘dogma’—a commonly accepted, unquestioned truth.
However, as taro is widely distributed in tropical to temperate regions
of both hemispheres, it is much more than just a “tropical root crop”
(Figures 1 and 6), and has multiple functions as a starchy food source
and green vegetable (Figure 2) (Mitra, 2013; Opara, 2003), or as fod-
der for pigs (Buntha et al., 2008; Figure 3), or both (Evans, 2008;
Matthews et al., 2012; Matthews & Naing, 2005; Zhu et al., 2000).
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FIGURE 2 Taro as aleafy or green
vegetable. Upper left: wild leaves
(Colocasia esculenta) gathered from river
side, for evening meal (Philippines).
Upper right: young leaves cooked with
fish paste and coconut milk, known as
laing (Philippines). Lower left: petioles
peeled and cut into short sections, for
cooking in vegetable curry (India). Lower
right: stolons sold in town market, to be
later peeled and cut into short sections
before cooking (Vietnam) (photos by P. J.
Matthews)

FIGURE 3 Taro leaves as fodder for pig in Vietnam. Left: leaves chopped before cooking. Right: a nutritious gruel prepared by
cooking taro leaves together with rice bran (broken rice is also often used) (photos by P. J. Matthews)

The use of commensal wild taros as a green vegetable and fodder is
widespread across South and Southeast Asia.

Although roots and tubers cover a much smaller area than cere-
als, they are another important human staple. The two major tuber
crops are potatoes and cassava. Geographically, they are cultivated
in contrasting climates (Leff et al., 2004). Potatoes are extensively
grown in the colder temperate latitudes between 40°N and 75°N,
with the highest potato cultivation intensity occurring at 55°N (Leff
et al., 2004). On the other hand, cassava is grown in the equatorial
and tropical regions (from 20°N to 30°S). Taro overlaps with these
two major crops, spanning latitudes from 35°N to 35°S. In Japan,

taro cultivation can reach 40°N. Compared to the two major root

crops, taro occupies a more extensive latitudinal range (a total of
approximatively 70°). Another underutilized crop, sweet potato
(Ipomoea batata L.; Chivenge et al., 2015) also has very wide latitude
(30°-40° latitudes in both hemispheres). Perhaps sweet potato and
taro are both neglected because their production is dispersed, i.e.
not so focused in one or the other climatic zone. Compared to sweet
potato, which is strictly a dryland crop, taro spans wetland to dry-
land, so is dispersed in the hydrological dimension as well.

The apparent dogma of taro as a “tropical root crop” reflects a
tendency of authors to cite well-known but not fully-informed pub-
lications when attempting to provide a general introduction to the

crop in specialist papers. The dogma is generally taken for granted
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because it is true, as far as it goes, and the description has been re-
peated by different authors over many years.

2.2 | Linguistic diversity, vernacular naming and
scientific literature

In different regions of the world, there are many different local, ver-
nacular names for taro. Speakers in each local language can and do
imagine that the crop is restricted to the area in which their language
is spoken. Unless they are multilingual and aware of the wider litera-
ture or travel beyond their local area, they may never learn that the
crop has a wider or global distribution. Similarly, even among highly
literate researchers, the inability to read more than one research lan-
guage may explain the slow transfer of knowledge concerning the
distribution, diversity, production, uses and potentials of this crop.
In East and Southeast Asia, significant bodies of research on taro
have been published in Chinese, Japanese, Korean and other lan-
guages. In South America the research is often published in Spanish
or Portuguese (see references cited in Vieira et al., 2019, and in
Table S1). These research efforts are not well-known among readers
who are restricted to English. With translation from other languages
into English, taro might no longer appear to be an orphan crop. The
usual agricultural classification as a “root crop” has also led to institu-
tional disregard of taro as a “vegetable crop”, though both are com-
mon uses for taro (see 1, 5), and the leaf nutritional qualities have
been widely studied (Kaushal et al., 2015; Lambert, 1982).

In Austronesian languages, ‘taro’ and its cognates are used with
precision as a name for C. esculenta, and similarly precise vernacu-
lar names exist for all the other edible aroids native to Asia and the
Pacific (Alocasia macrorrhizos, etc.). In English popular and scientific
writing, however, ‘taro’ is commonly applied to edible aroids as a
group (Plucknett, 1983; Wang, 1983), despite the distinct agronomic,
culinary and morphological traits of each genus and species. Other
vernacular names for taro are also used with little consistency: da-
sheen, eddoe, and cocoyam (Plucknett, 1983). The latter is especially
common in African and Caribbean research literature, and originates
in Africa (Burkill, 1985). The aroid Xanthosoma is now widespread
in Africa and is often called ‘cocoyam’ there, or ‘new cocoyam’ to
distinguish it from taro (Bammite et al., 2018). Colocasia esculenta
and cultivated Xanthosoma spp. have similar appearance, vegetative
propagation, and culinary uses, so are often confused. Over centu-
ries, changes in scientific naming for taro have also left a trail of dif-
ferent names that must be interpreted with care. In older research
literature (i.e. literature from 50+ years ago), taro is often known as
‘caladium’ from an outmoded scientific name, Caladium esculentum,
or as ‘arum’ or Arum colocasia. These names (Caladium and Arum)
are sometimes repeated in recent publications such as Burrow and
Emeneau (1984). Further difficulties for interpretation are found in
ancient European and Mediterranean literature, in which the name
‘colocasia’ originally referred to the sacred lotus, Nelumbo nucifera
(Grimaldi, et al., 2018). Cumulatively, linguistic perception of taro

is complicated by the fact that many different, non-cognate names
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for taro have appeared in different language families, over very long

periods of time. Apart from a pioneering survey by Blench (2012),
there has been little effort to study the diversity of names for taro

comprehensively, on a global scale.

2.3 | Social bias and reputation as a “poor-man's”
crop, and poisonous weed

In some countries or regions, taro is perceived as a crop of poor
or lower-status people, or ethnic minorities. In India, Englebrecht
(1914) reported that in the United Provinces, the corm was an im-
portant food for the “lower classes” of the population. Although it
was not often planted in large areas, it could be found everywhere
in gardens, especially near the big cities. Wild taro growing around
or near settlements is an abundant wild food resource in wet low-
land regions of India and Bangladesh, and a Bengali proverb re-
flects the low status of the wild plant as food: “Talent recognizes
talent; pigs recognize kachu (taro)” (“talent” in this phrase can also
be interpreted as a jewel or gem; Abhijit Dasgupta and Sanjoy Roy,
personal communication, 2019). As noted above, pigs do indeed
recognize taro, to the benefit of farmers and consumers in many
countries. In Egypt, the crop has long been regarded as a food
of peasants, and is never served in restaurants (Matthews, 2006).
Although taro is important for many people with low socio-eco-
nomic status, this is not the full story. In Egypt for example, it is
also a traditional New Year food of the minority Coptic community,
served to celebrate the baptism of Christ, apparently because the
cooking process requires so much water (Figure 4, left). In Cyprus,
taro is traditionally known as “royal food”, is served at wedding
feasts, family feasts, and in restaurants, and is exported to satisfy
demand by Cypriot immigrant communities in the United Kingdom
(Matthews, 2006; Figure 4, right). In Japan, the crop is histori-
cally associated with poverty, as a “poor man's” substitute for rice,
yet the kaiseki cuisine that developed around the tea ceremony
includes recipes for taro, and taro is often found in side-dishes of-
fered by restaurants in Japan, or in take-away lunch boxes (bento).
The crop has especially high social status in Polynesian chiefdoms
where social power depended (and still often depends) on the con-
trol of water for irrigated taro pond fields, and ownership of the
fields and product (Spriggs, 2012).

Social bias also arises when taro is tried and rejected as a food by
people unfamiliar with the appearance, taste and texture, or who ex-
perience poorly-prepared taro cooked by themselves or others. Taro
corms and leaves contain calcium oxalate raphides (long needle-like
crystals) to which an enzyme is attached (Bradbury & Nixon, 1998;
Paull et al., 1999), and this combination (general in Araceae, the
plant family of taro) can cause itching or severe irritation on hands,
in the eyes, in the mouth, or in the throat during preparation and
consumption. The acridity level varies in different varieties of taro,
and can be reduced by peeling, cutting, grating, soaking, dehydration,
chemical treatment, and fermentation, followed by cooking (Kaushal
et al., 2015; Matthews, 2010). Due to the acrid nature of the plant, a
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FIGURE 4 To prepare a soup in Egypt, slime is removed by rubbing cut corms with salt and washing with abundant water to remove
slime produced at the cut corm surface (left). In Cyprus, slime is removed by rubbing the whole corm with a cloth, without any use of water,
and then by cooking with a little lemon juice; shown here is the resulting stew prepared for a Saint's Day family feast (right) (photos by P. J.

Matthews)

poor eating experience can make a lasting and unfavorable impres-
sion that in turn creates a poor reputation for the crop. This applies
especially to Europeans who are mainly familiar with potato and the
common green vegetables of temperate regions. For any distributor
wishing to expand the market for taro in Europe, there is a real need
for clear and informative labelling with recommendations for cook-
ing (Matthews, 2004). Taro is correctly noted as a poisonous plant
on many websites (e.g. Queensland Government, 2019) and is also
commonly reported as an invasive “weed”. In most cases where taro
has been reported as a weed (e.g. Spain, Australia, and southern USA)
(Garcia-de-Lomas et al., 2012; Moran & Yang, 2012; Queensland
Government, 2011), the plant was historically introduced as a food
plant and cultivated or planted in naturally wet locations, from where
it has spread. Although certain ethnic groups or minorities may rec-
ognize and harvest these newly-wild plants as food, their use values,
or potential use values, have generally been overlooked. Vegetative
self-propagation by taro is vigorous, and clones can easily spread from
cultivation, naturalise in wet environments, and form commensal wild
populations (Matthews, 2014; Matthews et al., 2017). The plant often
invades ditches that are contaminated with waste from animals or
humans, or chemical industrial wastes, rendering it unsafe and unap-
pealing for consumption. When taro is described as weedy, invasive or
poisonous, it is perhaps understandable not to emphasize its potential
food value. Conversely, when the plant is reported as a food, the risk

of poisoning may be downplayed, or not mentioned at all.

2.4 | Little scientific research

Most public and private investment in agricultural research is aimed
at increasing production of high-value crops for high-paying markets
or international trade. When taro is regarded as a “poor man's crop”
or “marginal crop”, this negative perception may discourage the re-
search needed to take advantage of its many positive qualities for
small-holder farming communities (Chivenge et al., 2015). We sug-

gest that for public research organizations (like the Consultative

Group for International Agricultural Research; CGIAR), the positive
role of taro as a staple and subsistence crop among people of low
socio-economic status should make the crop more important, not
less. Taro is not over-researched in any region and still has a global
research deficit. Manners and van Etten (2018) show that taro is
under-researched relative to its contribution to healthy human
nutrition yet shows promise under climate change. Regions of re-
search deficit are tightly concentrated in tropical regions (Manners
& van Etten, 2018). Manners and van Etten (2018) show that the
research deficits of taro are concentrated in areas with projected in-
creases of climate suitability of this crop. Tropical regions in general
receive less research investment than the global average (Manners
& van Etten, 2018). Pacific Island countries have invested much
more in research and development of taro—especially the Pacific
Community (SPC) and the University of South Pacific, Fiji (USP)—
leading to relatively large-scale commercial production and export
earnings derived largely from buyers among expatriate Pacific
Islander communities, a result that parallels the Cyprus example
mentioned earlier (Matthews, 2006). In many other countries, and
especially Sub-Saharan Africa, very little attention has been given to
this particular crop. The CGIAR Research Program on Roots, Tubers
and Bananas (RTB), that intends to “work globally to harness the
untapped potential of those crops in order to improve food secu-
rity, nutrition, income and climate change resilience of smallhold-
ers, especially women and youth” devotes very little research and
funding to taro and lists it under “other roots” (CGIAR-Roots Tubers
& Bananas, 2020). According to the 2020 Global Nutrition Report
(Global Nutrition Report, 2020), “donor funding for research and
development has prioritised major staples at the cost of more nutri-
tious crops and livestock.” “The CGIAR, .... has traditionally allocated
most of its commodity research budget to the major staples, increas-
ing this after the 2008 food price crisis. The balance of funding has
to be shared between fifteen crops, livestock, fish and trees.” The re-
port concludes that “Research and development investments should
prioritise neglected staples such as sorghum, millets and tropical

tubers.
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2.5 | Visibility of living wild populations

The geographical and genetic origins of cultivated taro are not yet
known. To find the origins, we must first gather information on the
distribution and diversity of wild populations of C. esculenta and other
Colocasia species (the crop wild relatives, Figure 5) (Matthews, 2014;
Matthews et al., 2017). In recent years, many new wild species of
Colocasia have been reported in mountainous regions of mainland
and island Southeast Asia, and southern China. The number of known
Colocasia species is currently at least nine and perhaps many more
(Matthews & Nguyen, 2018; Rao, Hunter, Eyzaguirre, & Matthews,
2010). Easy access to the mountain habitats of wild Colocasia spe-
cies has only become possible in recent decades as a result of the
expansion of road systems across Asia. The physical visibility of wild
relatives of cultivated taro has increased, but expansion of access has
also contributed to destruction of the forest habitats of wild rela-
tives. Modern road construction has enabled large-scale deforesta-
tion throughout the uplands of Asia. In Thailand, for example, it has
been estimated that forest cover between 1961 and 1986 declined
from 53% to 25% or less (Williams, 2003). Local endemic species or
ecotypes of Colocasia may be disappearing before they are seen (ex-
tinction of an unrecorded species creates a permanent perception
gap). Perception gaps are smaller, in taxonomic terms, for wide-ranging
wild relatives because such taxa are more likely to be found. However,
there have been no comprehensive geographical surveys for any of
the wild Colocasia species reported by taxonomists, so in geographical

terms there are still large perception gaps. Distinct, locally-adapted
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populations of wide-ranging Colocasia species (local ecotypes) might

also become extinct before they are found or described.

2.6 | Archaeological visibility

Due to the widespread distribution of taro in traditional and non-com-
mercial farming systems, some attention has been given to the crop by
anthropologists and ethnographers. However, it is inherently difficult
to reconstruct or perceive the long-term history of this or any crop
from contemporary records alone. Unlike crops that produce hard
seeds as the main product, or that produce fruit with hard stones, taro
has not left an obvious archaeological or palaeobotanical record in any
country. It is only in recent years that microfossil evidence for taro
has been found, in a small number of sites. Starch and calcium oxa-
late raphides were tentatively attributed to taro by Loy et al. (1992), at
the late Pleistocene site of Kilu Cave in the Solomon Islands. Haberle
(1995) first described the distinctive traits of taro pollen, and was later
able to identify taro pollen from late-Pleistocene lake sediments in
Northeast Queensland (Haberle, 2005). Starch, raphides and possible
seeds of taro (c. 1.5 mm long, with longitudinal grooves) have all been
found at the Kuk wetland site in the highlands of Papua New Guinea
(Fullagar, Field, Denham, & Lentfer, 2006; Lentfer & Deham, 2017).
These reports include direct evidence for the use of taro, but
only circumstantial evidence for cultivation as it is possible that wild
populations native to the region were able to spread into drains

used to make swamps more suitable for growing other crops (e.g.

FIGURE 5 Crop wild relatives that are closely related to cultivated taro in evolutionary terms are wild populations of Colocasia esculenta,
here shown in Queensland, Australia (left), and Colocasia formosana, here shown in northern Luzon, Philippines (right) (photos by P. J.
Matthews). Wild populations of C. esculenta extend from mainland SE Asia to Australia and Melanesia, while C. formosana is only known in
Taiwan and the northern Philippines
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FIGURE 6 World distribution of taro with map points weighted to indicate approximate relative amounts, according to human population

size, as explained in the text and Table S1

banana and yam). Although wild taro populations flower abundantly
(Matthews, 2014; Matthews et al., 2012; Matthews & Naing, 2005),
and produce distinctive pollen (Haberle, 1995, 2005), the plant is
presumably not well represented in pollen records because pollen
dispersal depends on specialist insects (Sultana et al., 2006), not
wind. Most pollen is likely to rot together with the fallen spadix and
spathe of the inflorescence. Recently, a pollen record for taro has
been established in early cultivation sites in subtropical and temper-
ate Polynesia (Prebble et al., 2019), a region first reached by humans
around 1,000 years ago. The pollen records indicate that, outside
the likely natural range of taro, the plant was carried and replanted
as part of the initial colonization of Remote Oceania. This has long
been assumed to be the case, based on the spread of linguistic terms
related to taro, but physical evidence of the plant was lacking. The
Pacific findings suggest that when sufficient attention is given, with
the use of microscopy, we can expect to find archaeological evi-
dence for taro in other regions where the plant has long been grown.
In order for taro to gain greater historical recognition in Southeast,
South and East Asia, archaeobotanical approaches need to be ad-
opted more widely (cf. Denham et al., 2009).

In Japan, it has long been postulated that taro was already
cultivated during the Jomon period (early to late Holocene;
Hudson, 1999), but this is not yet evident in actual plant remains.
In China, despite a long written record for taro, dating back to more
than 2,000 years ago (Huang, 2012), there is also little archaeologi-
cal evidence for the crop, though residues of taro starch have been

reported on tools dated from 12,000 to 7,000 years ago at the

Zengpiyan cave site in southern China (Lu, 2006, 2009). Further
confirmation of these identifications may be needed, with special
attention to other aroids that might have been used in southern
China. In the eastern Mediterranean, historical records and an
analysis of changes in the usage of vernacular names indicate that
the crop may have first arrived not much earlier than 1,000 years
ago (Grimaldi, et al., 2018). Desiccated plant macro-remains have
often been preserved and found in the desert sites of Egypt and
West Asia, but taro corms have only been reported once, at Quseir
al-Qadim, where they were found together with the remains of
other medicinal plants dated to the period AD 1050-1170 (van der
Veen, 2011).

A growing awareness of the methods required to detect taro in
archaeological sites, and in natural palaeobotanical deposits, may
gradually lead to more targeted efforts to establish archaeological
records for this crop. Meanwhile, much historical research remains
to be done on the modern movements, production, diversity and
utilisation of taro, throughout its global range. Many of the refer-
ences that support our world map (Figure 6) are summaries of earlier
sources for specific areas, countries, and regions. A good starting
point for modern historical research on this crop will be local-lan-
guage publications that provide primary (first-hand) reports on the
production, distribution and uses of taro in each area indicated in
our map. Ideally, integration of chronologically overlapping archaeo-
logical, botanical, ethnographic and historical records will help us to
reconstruct the long-term history of taro, and how it became a global

yet largely overlooked crop.
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2.7 | Missing numbers in agricultural databases

For trade organizations and governments, it is very difficult to col-
lect statistics on production and consumption of taro as a root crop
because it is largely marketed through local distribution channels, and
almost no statistics have been collected on its uses as a green veg-
etable (see 1 above). The Food and Agriculture Organization (FAO) is
a United Nations (UN) supported organization responsible for pub-
lishing global statistics on food crop production, but depends on na-
tional-level reports of taro that are mostly unreliable, incomplete, or
entirely lacking. This problem is not restricted to taro. Horton (1988)
noted that “government agencies tend to underestimate root crop
production and consumption because root crops are often grown in
isolated areas on small, irregular plots, frequently as intercrops, relay

crops, secondary crops, or backyard garden crops”, and are thus easily
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overlooked. Taro occupies all of these overlooked production catego-

ries. In Table S1, we note all countries for which production of taro
(as a root crop) was reported by FAOSTAT (FAO Statistics Division)
(FAOSTAT, 2019), for the most recent year of 2017. Most FAOSTAT
production estimates are not based on official figures provided by
countries, but on imputation from a range of sources and data types
(FAOSTAT, 2019). Despite the imputations, estimates remain lacking
for most countries where taro is known to exist as a crop, including
many countries with large populations in Africa, South America, and
Asia (Table S1). This gap has been long-standing, and was noted by
Lebot (2009) with reference to the FAOSTAT estimates for 2006.
How can we overcome the lack of direct empirical data? Here we
suggest that the per capita production for geographic areas not repre-
sented in FAO data (Table 1) can be extrapolated from the average per

capita production for areas that are represented, for our example year

TABLE 1 Countriesin East, Southeast,

and South Asia with numbers (blue Country Tonnes Population kg/capita/year

highlight) or missing numbers (—) for With China (PRC) 1,800,000 1,370,350,000 1.31

taro production, together with rounded numbers

population numbers, and calculations of Japan 175,000 126,999,800 1.38

production per capita per year Philippines 112,262 100,096,500 112
Thailand 95,000 67,223,000 1.41
Taiwan 45,000 23,433,800 1.92
Subtotals 2,227,262 1,688,103,112 Average 1.32

Missing India® - 1,267,400,000 -
numbers
Indonesia — 252,810,000 —
Pakistan — 185,130,000 —
Bangladesh — 158,510,000 —
Vietnam — 92,550,000 —
Iran — 76,500,000 —
Myanmar — 53,720,000 —
South Korea — 49,510,000 —
Malaysia — 30,190,000 —
Nepal — 28,120,740 —
North Korea? 24,700,000
Sri Lanka = 21,450,000 =
Cambodia - 15,410,000 -
Six nations with ~ — 14,700,000 =
<10,000,000°

Subtotals - 2,270,700,00 -

Approxi. Total 3,932,714,744
taro-producing

population in Asia

Note: Annual production of taro was reported by FAOSTAT (2019) for the year 2013. Population figures
for 2013 were reported by UN Population Division (2019) and Population Reference Bureau (2019).
?No reports of taro were found for North Korea (Table S1, Figure 6), but the country lies entirely
within the northern taro cultivation zone of East Asia, with China and Japan both having significant
production over the same latitudinal range. There are no reports of taro in Mongolia (part of East
Asia) but this country lies outside the known range of cultivated taro.

bTaro-growing nations with <10 million people each: Bhutan, Brunei, Laos, Maldives, Singapore,
Timor-Leste.
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(2013). To calculate extrapolated production numbers, the average per

capita estimate can be used as a multiplier for populations in coun-
tries where it is known that taro is produced and consumed. A priori,
the extrapolation is likely to be more reliable for countries with similar
food habits to those of East Asia and Southeast Asia (the countries
with production numbers, in Table 1), where taro is generally eaten
as an occasional side-dish, not as a daily main dish. This approach is of
course not accurate, but can be used to encourage more accurate data
collection, and greater awareness of the present and potential contri-
butions of taro to local, regional, and world food security.

Using the data presented in Table 1, the average per capita
production estimated for five Asian nations is 1.32 kg/capita/year.
This figure is consistent with the general usage of taro corms as a
seasonal, occasional component of side-dishes and soups, in Asian
cuisines (authors’ observation). No reduction has been made to
account for skin peelings and other materials discarded when taro
corms are prepared for cooking. Taro is always peeled before eating
(and sometimes before being sold), so the calculated figures for each
country are comparable. Although people in different areas of Asia
have quite different food cultures, it is likely that most consume taro
in similarly low amounts per capita. Combining population numbers
for year 2013 with the average per capita estimate would lead to a
huge increase in the global estimate of production.

Production for more than two billion people who are known
to consume taro—as a traditional food crop in their countries—is
unaccounted for in FAO global statistics (Table 1). For India alone,
the perception gap represents a failure to see approx. 32% of likely
production in the taro producing regions of Asia (East, South, and
Southeast Asia combined). In total, counting all the countries with
missing taro production data (Table 1), the perception gap rep-
resents approx. 57% of taro production in Asia, which in turn rep-
resents over half the total world population of 7.2 billion (in 2013).

For taro as a leafy or green vegetable, the perception gap is closer
to 100% of a global consuming population that may also number in
the billions. This statement is based on the authors’ personal obser-
vations of the vegetable uses of taro from Oceania to East Asia and
Northeast India, and from widely scattered reports of the consump-
tion of taro blades, petioles and stolons (see 1 above). No formal at-
tempt has ever been made to measure the global production of taro
as a green vegetable. The blades, petioles and stolons have very dif-
ferent culinary qualities and uses, are usually harvested and sold sep-

arately (Figure 1), and ideally would be measured as distinct products.

2.8 | Few and sketchy maps: Where is taro
cultivated?

The global distribution of taro has been shown in very few pub-
lished maps. Early examples (Evans, 2008; Matthews, 1991, 2006;
Spriggs, 2012) are sketchy, incomplete, and lack cited sources.
Where is taro cultivated and where are the main growing regions?
To help tackle this question, we searched a wide range of published

literature (Table S1) to develop a world distribution map of taro as a

modern cultivated crop (within the last century) or as a known intro-
duced plant (if the present cultivated status of the plant is uncertain,
this is indicated; Figure 6).

In Figure 6, map distribution points at the national or sub-na-
tional level have been weighted according to population size (<1
million, 1-10 million, and >10 million) in each nation or sub-national
area concerned. The map provides a rough visual impression of the
relative amount of taro produced in different regions of the world,
assuming that most consumption of taro by the population of a given
area is based on production in the same area (this may be true in
most but not all areas), and that per capita consumption is similar
everywhere (see 6 above). The weighting method is described in
Table S1. In Australia, Europe, New Zealand and North America, the
crop is supplied to minority immigrant communities mainly through
trade, not local production. Extrapolating production in these areas
by the method suggested above would lead to over-estimation, and
the visual weightings in Figure 6 may be too much for such areas.
The map under-emphasizes production in areas where taro is a daily
staple (i.e. many Pacific islands). In principle, the relative weighting of
map points in Figure 6 can be improved by more detailed analysis of
taro production, trade, and consumption in each area.

The widespread production and use of taro in India is well de-
scribed by Engelbrecht (1914), and his observations are still largely
accurate:

"The wild growing plant is very common in the humid
tropical parts of India, but its corms are not edible.
By contrast, the cultivated form is an important root
crop, and the young leaves are also eaten as a green
vegetable. It is grown in quite significant quantities,
though usually only as a garden product, not as a true
field crop. Special varieties are adapted to diverse
conditions, so that their cultivation extends from
the marshy lowlands of Lower Bengal to the humid
mountains of Assam and Madras, the dry hills and
highlands of the Deccan and Rajputana plateaux,
and even to temperate regions of the Himalayas.”
(Engelbrecht, 1914, transl. P. J. Matthews)

Srinivas et al. (2011) also noted the widespread cultivation of taro
in India, and identified numerous major production centers in the five
states surveyed by them. Although many authors in India have written
about taro in one or more states (Table S1), there does not seem to
have been any comprehensive review of existing literature. Combining
studies of production, distribution (e.g. Figure 7) and consumption
might generate independent estimates of production that converge

on a reasonable overall estimate for production in the country.

3 | FUTURE DIRECTIONS

Amplifying feedback has helped lead to humanity's present global

dependence on a very small number of commodity crops, and to the



MATTHEWS AND GHANEM

FIGURE 7 Tarois commonly sold by street vendors in New
Delhi, India. Insert shows fresh, recently harvested side-corms
(Photo: P. J. Matthews, September 2019)

erosion of genetic diversity within commodity crops (Mooney, 1980).
This has created a situation of high risk because disease, unfavora-
ble weather events, and climate change can more easily cause un-
expected and large-scale food shortages when specific major crops
are affected on a large scale over relatively short periods of months,
years, or decades.

Alarge gap in the FAO records of global taro production is shown
here by the absence of estimates for India and many other countries
where taro is grown and eaten by large populations. If formal pro-
duction estimates exist in these countries, they have not been re-
ported by the FAO. Previous theories about the origins of cultivated
taro, historical records, and recent research on genetic diversity in
taro, indicate that India is not only an important producer of taro,
but may also have had a central role in domestication of the crop
(Chair et al., 2016; Matthews, 2014), thus pointing to practical and
academic reasons for giving serious attention to the wild relatives
of taro in India and other regions of Asia (see 4 above). For plant
breeders, understanding the natural ecological adaptations of wild
Colocasia species, and wild populations of C. esculenta, may provide
important clues for new directions in the development of this crop.

Taro is an outstanding example of a crop that has been ne-
glected as a subject of research: there is probably no other globally
distributed starch crop for which there is no internationally funded
institution with a global mandate for study—despite evidence that
taro was probably one of the first crops to have a global distribution
(only surpassed in extent by bottle gourd). Many gaps in awareness,
interest and knowledge can contribute to the neglect, underutiliza-
tion or decline of orphan crops such as taro. In Table S2 we compare
scientific, biological, cultural, and taxonomic attributes of crops
considered as orphan and representing the broad categories of root
and tuber crops, legumes and cereals. The table shows that among
the neglected root crops, taro has attracted much less research

than the mandated common root crops of the CGIAR centers (IITA
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and CIAT-Bioversity). The present review of perception gaps is not
complete but may represent the main gaps as far as taro is con-
cerned. Among edible aroids, taro is the best-studied crop. Others
are much more neglected but have certain advantages as crops,
according to their specific ecological preferences and domestica-
tion history. Examples include: Xanthosoma spp., dryland starch
and leaf crops originating in central America and now common in
tropical regions of the world (Bown, 2000), and Alocasia macrrorhi-
zos, a dryland crop that originated in Southeast Asia (Bown, 2000;
Hay, 1999; Thompson, 1982). The latter produces giant, above-
ground starchy stems that can serve as a standing food reserve for
many years.

Perception gaps exist for innumerable plants with high potential
value as local, regional or global sources for food, medicine, fiber,
and other uses. The perception gaps described here are shared not
only by other “orphan” crops and their wild relatives, but also by
the wild relatives of many relatively well-studied and well-funded
commodity crops (Anderson & de Vicente, 2010; Hunter et al., 2017,
Hunter & Heywood, 2011). Recognizing perception gaps is a neces-
sary starting point for investing research funds effectively. Since the
beginnings of modern science, historical and agricultural research
have always favored crops that are obviously important in com-
mercial terms (see Ambrosoli, 1997, on this process in Europe, with
special reference to forage crops, nitrogen-fixing crops, and cereals).
While orphan crops and crop wild relatives have relatively little eco-
nomic importance individually, their collective historical, economic,
and potential future roles are significant.

How do perception gaps contribute to feedback loops that cre-
ate and reinforce the orphan status of certain crops? How can or-
phan crops contribute to social and economic development? What
can we learn about natural and cultural history from orphan crop
species and their wild relatives? For students and researchers seek-
ing uncrowded areas for study, orphan crops and their wild relatives
offer wide open spaces, figuratively and literally. Every perception

gap invites further investigation.
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