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Chapter 26

Underutilized Species and Climate Change:
Current Status and Outlook
Stefano Padulosi, Vernon Heywood, Danny Hunter, and Andy Jarvis

Introduction

By “underutilized species” we refer to those
species whose potential to improve people’s
livelihoods, as well as food security and
sovereignty, is not being fully realized because
of their limited competitiveness with commodity
crops in mainstream agriculture. While their po-
tential may not be fully realized at national level,
they are of significant importance locally, being
highly adapted to marginal, complex, and diffi-
cult environments and contributing significantly
to diversification and resilience of agroecosys-
tems. This means they are of considerable inter-
est for future adaptation of agriculture to climate
change. Underutilized species include not just
food plants but also many other species—wild
or cultivated—used as sources of oil, fuel, fiber,
fodder, beverages, stimulants, narcotics, orna-
mental, aromatic compounds, and medicine.1

The definition of what constitutes an underuti-
lized species is not surprisingly challenging from
both a technical and cultural point of view. A
different approach, which would instead spell
out the features that make underutilized species
different from any other (commodity crop) is
thus preferred over the use of a simple definition
(Padulosi and Hoeschle-Zeledon 2004).

It is important also to clarify that when refer-
ring to underutilized species we do not include
neglected cultivars of major crops, as we are con-
cerned only with species which—unlike major
crops—have so far not received proper research
attention. Furthermore, the answer to whether a
species should be included or not in this portfolio
of “marginalized” genetic resources should also
be guided by principles of social equity (Padulosi
et al. 2008).

While there are many reasons today for pro-
moting a greater use of underutilized species in
agricultural activities (see later in the chapter),
the overarching justification for the development
and safeguarding of these species is certainly
their close link that binds these resources and
food security and climate change. The words
of I. Grainger-Jones (2009)2 well capture the
need for the change in paradigm we should be
pursuing:

specializing in crops and systems that are efficient in
certain temperature or precipitation ranges may not
be effective in the long term run[. . .]and therefore we
ought to investigate seriously (and urgently) in alterna-
tive forms of agricultural management, in which local
but neglected species and varieties can play a key for
the future of our planet.2
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As already mentioned, underutilized species
can be wild or cultivated and because of their dif-
ferent status are characterized by having different
needs for their use and development (Hoeschle-
Zeledon and Jaenicke 2007). There is, in fact, an
almost complete spectrum between completely
wild and completely domesticated species
(Heywood 1999a) and many of what we under-
stand by underutilized species are often in a wild
or semidomesticated status. One particular group
of underutilized wild species that is of special
value in our response to climate change is the
wild relatives of crops (Heywood et al. 2007;
Dwivedi et al. 2008; Maxted and Kell 2009;
Hunter and Heywood 2011).

Importance of underutilized
species: a brief overview

The importance of underutilized species in con-
tributing to food and nutrition security has
received substantial coverage by scientists in
recent years (Smith 1982; Achinewhu et al.
1995; Longvah and Deosthale 1998; Hernández
Bermejo and León 1992; Eyzaguirre et al. 1999;
Heywood 1999a, 2008; Ali et al. 2000; Bahorun
et al. 2004; Mulokozi et al. 2004; Frison et al.
2006; Smith et al. 2006; Weinberger and Swai
2006; Bhardwaj et al. 2007; Chadha et al. 2007;
Hawtin 2007; Yang et al. 2007; Erlund et al.
2008; Smith and Longvah 2009). Likewise, their
role in income generation in both domestic and
international markets has been also highlighted
in several studies and projects (Asaha et al. 2000;
Mwangi and Kimathi 2006; Chadha and Oluoch
2007; Joordan et al. 2007; Hughes 2009; Mahyao
et al. 2009; Padulosi et al. 2009; Rojas et al.
2009). Only a diversified agricultural portfolio
represents a robust agricultural production sys-
tem with the capacity to withstand future changes
such as climate change (Cleveland et al. 1994;
Reidsma and Ewert 2008; Cavatassi et al. 2006;
Lovejoy 2006; Hassan and Nhemachena 2008;
Henry 2009) and the role of underutilized species
to that end need to be better recognized (Genetic
Resources Policy Committee 1999; Dawson

et al. 2007). Such a role can be realized in two
ways; first, by providing genetic traits for adap-
tation and second by strengthening the resilience
of agroecosystems through crop diversification.
With regard to the first point, historically, in a
climate stable world, crop wild relatives (CWR)
as gene donors for plant breeding have been a
major contributor to economic development and
food security. For instance, Prescott-Allen and
Prescott-Allen (1996) calculated that the yield
and quality contribution by CWR to US grown
or imported crops was over US$350 million a
year, while Phillips and Meilleur (1998) esti-
mated that potential losses associated with en-
dangered threats to food CWR was worth about
US$10 billion annually in wholesale farm values.
With the accelerated rate of change predicted for
future climate and recognition of the need to find
quick solutions to expected increases in abiotic
and biotic stresses, it is expected that the demand
for such genetic traits will also rise significantly.
Useful analyses of this point are those of Hajjar
and Hodgkin (2007), Maxted and Kell (2009),
and Maxted et al. (2010), whereas other chapters
of this book deal also specifically with the use of
climate-change related traits in CWR.

The other way in which underutilized species
help agriculture to adapt to climate change is
through their contribution in enhancing the di-
versification and resilience of agroecosystems in
order to withstand the impacts of climate change
scenarios (e.g., drought and increased frequency
and intensity of extreme weather events such
as cyclones and hurricanes). A good example is
that of bambara groundnut (Vigna subterranea),
a nutritious legume originating from west Africa
and cultivated throughout sub-Saharan Africa
(Heller et al. 1997). This legume, known for its
drought tolerance (Collinson et al. 1996; Andika
et al. 2008), is found growing in harsh climates
and marginal soils (Padulosi 1988; Heller et al.
1997); but in spite of these traits the crop still
suffers from a status of neglect because of its un-
predictability in yields, long cooking time, and
negative social image (Mayes et al. 2009). Other
underutilized crops known for their drought
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tolerance are the minor millets, a category of sev-
eral “coarse” cereals used particularly in South
Asia whose drought-resistant traits coupled with
an excellent nutritious profile offer major oppor-
tunities for the development of areas increasingly
affected by water shortages such as those in the
marginal hills of Tamil Nadu or Karnataka States
of India (Bala Ravi 2004; Padulosi et al. 2009).

With regard to resistance to cold weather con-
ditions, an interesting case is that of cañihua
(Chenopodium pallidicaule), an underutilized
Andean grain which has remarkable frost toler-
ance when compared with quinoa (C. quinoa)
and used for such reasons by local farmers
around the Titicaca Lake in Bolivia and Peru
in their coping strategies to face climate change
(Rojas et al. 2009). Among perennial species, a
good example is that of the sea buckthorn (Hip-
pophae rhamnoides), a species naturally dis-
tributed from Europe to Central Asia and China,
which has been found to be more tolerant to
abiotic stresses than apple and pear—tolerance
which seems associated with its high levels in
ascorbic acid and myo-inositol (Kamayama et al.
2009). Another excellent hardy crop is the tree
moringa (Moringa oleifera), the “wonder tree,”
which as well as its drought-resistance trait also
has leaves of high nutritional content.3 Several
species from India including custard apple (An-
nona squamosa), Indian gooseberry (Emblica of-
ficinalis), ber (Zizyphus mauritania), tamarind
(Tamarindus indica), and neem (Azadirachta in-
dica) are also well recognized for their drought
tolerance and ability to thrive in poor soils
and marginal lands (Hegde 2009). A globally
renowned hardy and multipurpose tree species
known for its drought resistance is prosopis
(Prosopis spp.), a reliable crop for both human
consumption and animal feed in difficult areas
(Pasiecznik et al. 2001). According to a recent
study (Smith and Beaulieu 2009), woody species
that are characterized by slow growth (and hence
slow adaptation) are expected to be more vul-
nerable to climate change than annual species.
These findings which seem to shed a different
light on our understanding of adaptation mecha-

nisms should be also taken in due consideration
in assessing genetic erosion risks of agrobiodi-
versity under climate change and guiding devel-
opment of appropriate conservation strategies.
Apart from being used directly in adaptation and
coping strategies, underutilized species are also
being used by farmers and community mem-
bers to predict changes and anticipate possible
shocks. This is the case for instance of so-called
local drought indicators, found in many cultures
around the world (see the case of the tree Dobera
glabra in Ethiopia (Tsegaye et al. 2007)).

Traditional societies deploy strategies that use
genetic diversity to reduce risks and mitigate
impacts of long-term environmental changes
(Jarvis et al. 2007). This is the case, for instance,
of Indian farmers who plant many crops and va-
rieties that allow them to adjust planting dates
and crop mixtures (e.g., “Akdi” and “Barhanaja”
systems) to better cope with erratic rainfall
patterns.

Despite a growing awareness of the poten-
tial of underutilized species for future climate
change adaptation and human wellbeing they
continue to be seriously threatened primarily
from habitat loss, fragmentation, and degrada-
tion. Further, underutilized species are seriously
under-conserved. Although there has been sig-
nificant attention given to in situ conservation
of underutilized species in recent years, espe-
cially CWR, the effectiveness and impact of this
appears to be far more uncertain than for ex
situ conservation. This is due to a range of fac-
tors including political and institutional as well
as technical and biological ones (Heywood and
Dulloo 2005; Hunter and Heywood 2011). While
Maxted et al. (2010) highlighted some exam-
ples of underutilized species, largely CWR, con-
served in protected areas the likelihood of such
areas continuing to afford adequate protection
under future climates is largely unknown (Lira
et al. 2009). The poor status of underutilized
species conservation is a severe barrier to their
successful improvement, utilization, and promo-
tion. Much more needs to be done to improve ex
situ and in situ conservation of these species as
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well as the linkages to end-users such as plant
breeders and agronomists (FAO 1996, UNEP
2009).

Climate change and underutilized
species: current studies and gaps
in knowledge

The potential impact of climate change on the
diverse range of underutilized species has not
so far been assessed. With regard to underuti-
lized species that are wild, the impact will af-
fect taxa differently depending on where they
occur and the detail of the climatic changes that
are anticipated, their adaptive and resilience ca-
pacities, their ability to migrate, their dispersal
capacity, the nature and ecology of their new
bioclimatic envelopes and their ability to survive
in them and spread, the availability of pollina-
tors and dispersal agents, the environment and
the management practices that might be associ-
ated with the species (e.g., timing or intensity
of the wild harvests made by local populations).
Extensive studies have been published on the
impact of climate change on plants species (see
Thomas et al. 2004 and references therein) that
provide some indication of areas which will be
most affected by the reductions in crop suitabil-
ity (Intergovernmental Panel on Climate Change
2007; Lobell et al. 2007, 2008; Hawkins et al.
2008; Heywood 2011; Jarvis et al. 2009). The
broad pattern of change in the location of veg-
etation belts is widely agreed, with movements
expected toward the poles and altitudinal shifts
but the details at local level is far from clear
and will not be resolved until more sophisticated
modeling can be undertaken. Along the same
line is the low predictability of soil moisture
variation in connection with expected climate
change. Furthermore, warnings on the spread-
ing of pests and diseases due to climate change
have been also voiced (Diffenbaugh et al. 2008)
along with preoccupations over the impact that
extreme variations in temperature may have on
the delicate stage of pollination (Lora Cabrera
2008). Models to predict these changes are still
not accurate enough to allow the development of

specific coping strategies by interested countries
which would make optimal use of biodiversity
and underutilized species in particular (Tanton
and Haq 2008), although some studies represent
a good basis for moving toward that direction
(see the work by van Zonneveld et al. 2009).

Enough evidence exists, however, to indicate
that many alpine/montane plants are likely to be
at risk from climate change and those that are
confined to specialized ecological niches may
have difficulty in migrating to suitable niches in
the new climatic envelopes (Heywood 2011a).
Given that many locally used wild species grow
in mountain regions, including aromatic and
medicinal plants, wild greens, and CWR, some
at least will be at risk from the effects of climate
change. For instance, the numerous records gath-
ered worldwide of shifting of species phenolo-
gies and distributions of plants due to change in
temperature and rainfall could result in negative
impacts for the survival of these species by ex-
posing plants to late cold spells or facilitating
the migration of invasive plants which would be
competing for resources with underutilized na-
tive species (Cavaliere 2009).

Many coastal habitats will be at risk from
predicted rises in sea level and this could af-
fect species that occur in such habitats, notably
mangrove species. Countries with least capac-
ity to cope with such events would bear ad-
ditional adverse impact of these changes. The
impact could be dramatic in those countries
characterized by poor coastal protection such as
Bangladesh where the anticipated 0.6 m raise in
sea level by 2080 is estimated to lead to the loss
of 17% of its land (Tanton and Haq 2008).

Climate envelope modeling, which is the
commonest approach used today to helping pre-
dict the likely response of species to climate
change, is rapidly developing technique and is
being applied to a wide range of plant (and ani-
mal) species but not specifically to underutilized
species. Bioclimatic modeling has so far been
applied to only a limited number of CWR but
results so far suggest that many of them will be
at risk through failure to migrate to new climatic
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envelopes. One of the few studies so far pub-
lished (Lane and Jarvis 2007; Jarvis et al. 2008)
used current and projected future climate data
for ∼2055, and a climate envelope species’ dis-
tribution model to predict the impact of climate
change on the wild relatives of the world’s major
food crops, peanut (Arachis), potato (Solanum),
and cowpea (Vigna). They considered three mi-
grational scenarios for modeling the range shifts
(unlimited, limited, and no migration) and found
that climate change strongly affected all taxa,
with an estimated 16–22% of these species pre-
dicted to go extinct and most species losing over
50% of their range size. Impacts were found to
be differential between gene pools, with wild
peanuts suffering far greater extinction risk when
compared to wild Vigna.

Lira et al. (2009) used bioclimatic mod-
eling and two possible scenarios of climatic
change in Mexico to analyze the distribution
patterns of eight wild Cucurbitaceae species
closely related to cultivated plants, Cucurbita
argyrosperma subsp. sororia, Cucurbita lundel-
liana, Cucurbita pepo subsp. fraterna, Cucur-
bita okeechobeensis subsp. martinezii, Sechium
chinantlense, Sechium compositum, Sechium ed-
ule subsp. sylvestre, and Sechium hintonii. Most
of these taxa have restricted distributions and
many show proven resistance to various diseases,
which could be crucial for the improvement of
their related cultivars. The possible future role
that the Mexican system of protected areas might
have in the conservation of these taxa was also as-
sessed. The results showed a marked contraction
of the distributions of all eight taxa under both
scenarios and also found that, under a drastic
climatic change scenario, the eight taxa would
be maintained in just 29 out of the 69 natural
protected areas where they are currently found.
Accordingly, it seems that most of the eight wild
taxa will not have many opportunities to survive
under such climate change.

Studies carried out on wild cowpea (Vigna
spp.) estimate that almost half of the natural dis-
tribution area of these species will be lost by
the middle of this century due to climate change

(Anonymous 2007). Underutilized species, such
as the forage species Vigna marina growing
along the sea shores of Africa, would be cer-
tainly among those particularly affected by the
rise of seawater levels.

Estimates of the number of underutilized wild
species that will be lost as a result of climate
change are currently not available as they are
such a numerous and diverse array of species.
Some ideas might be obtained indirectly from na-
tional Red Books or Lists, when they exist, which
indicate those species that are currently at risk.
It should be noted, however, that many species
which are not currently threatened may become
so as a result of accelerated climate change and
the widely used International Union for Conser-
vation of Nature (IUCN) criteria for assessing
threats do not take climate change into account
although this is under review. It should also be
stressed that the effects of climate do not op-
erate in isolation but interact with other compo-
nents of global change, notably habitat loss, frag-
mentation or degradation, changes in disturbance
regimes, and demographic factors such as human
population growth and migrations (Heywood
2011b; Hunter and Heywood 2011). As for
other groups of wild species, many underutilized
species will be threatened by climate change but
those that are not affected may well become ex-
tinct as a result of other global change processes.

Future opportunities and priorities
for underutilized species under
climate change

Maxted et al. (2010) highlight a number of im-
portant priority goals for CWR conservation and
utilization over the next 10 years that would ap-
ply also to other underutilized (wild and culti-
vated) species. Some of these goals are to refine
the estimate of global highest priority CWR for
food and agriculture (such a list would greatly
facilitate the targeting of in situ and ex situ con-
servation actions); take advantage of novel tech-
nological advances in trait recognition and inter-
specific breeding to extend the breadth of CWR
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use to a broader range of crops and systematically
review the potentially useful diversity in CWR
gene pools; undertake systematic threat assess-
ment for as wide a range of CWR taxa as pos-
sible, using IUCN or national criteria, or both;
extensive gap analysis of both ex situ and in situ
conservation and based on this a more strategic
approach taken to targeting ex situ CWR conser-
vation and continued efforts to strengthen CWR
conservation inside and outside protected areas.
Complementary to these points that focus partic-
ularly on conservation, are those emerging from
the 2007 Southampton conference on underuti-
lized species (Smartt and Haq 2008) which lists
some of the major issues that the research com-
munity need to address in order to enhance the
sustainable use of underutilized species in the
coming decades, namely, more studies on neg-
ative aspects (e.g., bitterness, lodging, and hard
seed coat) that limit the diffusion of underutilized
species; greater emphasis on consumer needs
and studies on how these can be met through
the plentiful diversity available in underutilized
species (focus particularly on traits such as shelf
life, processing aptitude, length of growing sea-
sons); and enhancement of both local and global
markets for target species (focus on demand cre-
ation, price stability, food safety, standards for
commercialization).

The prioritization and research
challenge

While the Green Revolution may have produced
advances in agricultural development in some
places with suitable physical and socioeconomic
environments, its continued promotion in some
regions such as Africa through the Alliance for
a Green Revolution in Africa (AGRA) is being
called into question. An alternative, or at the very
least a complementary strategy, is surely to har-
ness the huge potential of indigenous and under-
utilized species grown and conserved by local
communities for generations in diverse and com-
plex agroecosystems across variable climates.
Such an alternative has received support in re-
cent reports (e.g., WRI 2005; Perfecto et al. 2009;

FAO 2010b; Pretty et al. 2010; Frison et al. 2011)
that stress the need to give greater emphasis in
agricultural development to the needs of local
farmers and for investments that can “increase
the sustainable productivity of major subsistence
foods including orphan and underutilized crops,
which are often grown or consumed by poor
people” (McIntyre et al. 2008).

There is a large body of literature describing
the complex, diverse, and risk-prone small-scale
farming systems and the practices they use
and which occur in areas where most bio-
diversity occurs and which are hotspots for
most underutilized species (Altieri 1987; Pretty
2009; Holt-Giménez 2006, 2009). Such mixed
cropping systems are inherently more stable and
resilient compared to monocultures or simplified
agroecosystems. There is also evidence they are
biologically more productive than monocultures
(Jarvis et al. 2007), which can be explained
by more efficient patterns of resource capture
and use by component species. However, the
question remains, which underutilized species
are best suited to the resilience requirements for
agroecosystems in future volatile environments
such as those that will be found in many parts of
Africa. Although there has been work in the past
on the prioritization of underutilized species
(Padulosi 1999; Akinnifesi et al. 2008; Schmidt
et al. 2010), this has not been done in the context
of climate change. Whether there should be a
detailed (inclusive) or a definitive (exclusive)
list of priority underutilized species for variable
environments has been the subject of much
debate and there seems to be no agreement
on which species are best suited for particular
contexts or scenarios.

Assuming there are criteria and processes
that we can use to prioritize underutilized
species, answering the question of what ap-
proaches we might use to evaluate or assess
candidates for their adaptation potential to cli-
mate change calls for greater investments in re-
search and development (Tanton and Haq 2008).
As changes in climate are expected to be more
significant in Africa than other regions (Col-
lier et al. 2008), priority setting should assign
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proper attention to drought-tolerant forages
(such as Stylosanthes scabra) that could pro-
vide also soil cover and protection from degrada-
tion in the face of increased grazing (Batjes and
Sombroek 1997).

The ex situ conservation challenge

Today, some 7.4 million accessions of plant
genetic resources for food and agriculture are
stored in around 1700 germplasm collections
around the world (FAO 2010a). The poor rep-
resentation of underutilized crops in ex situ
gene bank collections (Padulosi et al. 2002;
FAO 2010) has dramatic repercussions on ac-
cess to this diversity by users, besides represent-
ing a major constraint for those interested in so-
called gene mining aimed at identifying potential
source of resistance in samples originating from
areas affected by severe climatic and/or marginal
growth conditions. While botanic gardens may
do a better job of ex situ collection of underuti-
lized species, many of the botanic garden acces-
sions are small and genetically poorly sampled
(Heywood 1999b). Not enough attention is paid
to the ongoing (and unrecorded) erosion af-
fecting underutilized species, resulting from the
widespread use of a handful of commodity crops,
monoculture practices, standardization of market
systems, and other globalization trends such as
nutrition transition, all affecting local crops and
local diets (Frison et al. 2006; Smith and Long-
vah 2009).

The issue of broadening the mandate of na-
tional and international gene banks with the ob-
jective of including the thousands of neglected
and underutilized species used locally around the
world should thus receive the urgent attention of
policy makers. Unfortunately, the focus of the in-
ternational community continues to be geared to-
wards major crops and in particular those species
listed in Annex I of the International Treaty
on Treaty on Plant Genetic Resources for Food
and Agriculture (PGRFA) (Fujisaka et al. 2009;
Padulosi et al. 2009). Very little attention is
paid to safe-guarding all other species, includ-
ing underutilized species. The work of the Royal

Botanic Garden Kew Millennium Seed Bank,
which has already sampled 10% of all plant
species and aims to achieve 25% by 2020,, is
an important contribution in that direction.4 An-
other interesting approach is that of the “climate
ready” collections, being practiced by the Cen-
tre for Pacific Crops and Trees in Fiji, where un-
derutilized crops such as the aroids Xanthosama,
Alocasia, and Cyrtosperma chamissonis (swamp
taro) (of known tolerance and/or resistance to
biotic stresses) are being multiplied and main-
tained in dedicated in vitro collections for pro-
moting their access by countries of the region.5

While broadening the mandate of gene banks
to include underutilized species is important,
it should be also noted that for many species
(that reproduce asexually, or having recalcitrant
seeds) this conservation method is not always a
viable option. Other disadvantages of ex situ con-
servation include its costs, possibility to maintain
only a limited amount of the diversity of the gene
pool, and loss of the natural and anthropocentric
processes that accompany in situ conservation
(Fowler and Hodgkin 2004). The safeguard also
of fast-disappearing local knowledge and wis-
dom related to underutilized species need to be
also stressed if we are to promote effective ap-
preciation and use of these species in the future
(Genetic Resources Policy Committee 1999).

The in situ conservation challenge

Consumption of underutilized species is more
diffused among poor households, in marginal
areas and communities isolated from markets,
where difficult communication hamper regu-
lar access to food and other products. The lit-
tle attention dedicated to on-farm conservation
represents a major shortcoming of the world’s
approach to safeguarding the agricultural biodi-
versity as it has also been recently acknowledged
during the preparatory meeting for the develop-
ment of the Convention on Biological Diversity
global conservation strategy.6 The widespread
cultural erosion and changes in food diets
taking place even in remote areas is, however,
changing these centuries-old food traditions at
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a fast pace with negative effects on sustainabil-
ity of agricultural practices and healthy nutrition
(Drewnowski and Popkin 1997; Hwalla and El
Khoury 2008). Compared to major crops, under-
utilized species are low-risk crops. Less invest-
ment is made in them by farmers with regard
to land and agricultural inputs, labour (mainly
from family members) being the major invest-
ment for the cultivation. These are mostly of a
traditional type and rely largely on local knowl-
edge transferred orally from one generation to
the next. The yield stability is dependent more
on the intrinsic genetic diversity of the diverse
populations grown and traditional practices em-
ployed rather than the use of improved varieties
(scarcely available). Underutilized species are
generally deployed in multicropping systems and
grown (or harvested in the wild) by people be-
cause of the multiple nature of their uses and
benefits to the household.

Because of their localized use, underutilized
species have been adapting to limited ecolog-
ical niches and little information is known of
their performance outside those areas of tradi-
tional cultivation. Many of them may be also
part of the natural vegetation (e.g., agroforestry
systems) and in that case their ecological role
in production systems should be also acknowl-
edged as an additional contribution to all other
specific values (food, fiber, medicine, wood, etc).
Underutilized species mostly rely on local seeds
that are usually saved either by the family or
through local seed networks active within the
community. Extension work on these species is
very limited, since both governments and devel-
opment agencies have traditionally focused on
commercial crops, which are more competitive
in the market and/or supported by government
policies that make their cultivation more con-
venient to farmers (Veteläinen et al. 2009). An
interesting case in point is that of subsidies and
procurements mobilized to rice and other staple
crops in India which makes minor millets less
economically advantageous for local communi-
ties (Padulosi et al. 2009). The impact, therefore,
of climate change on the seed systems of under-

utilized species should be another area of serious
concern for policy makers, and efforts should
be made to facilitating informal seed network-
ing outside original areas of their diffusion (De
Schutter 2009). In view of the fact that climate
change impact would vary across the landscape,
specific adaptation programs and policy mea-
sures should be thus developed in close collabo-
ration with communities where farmer-managed
seed networks will need to be properly assessed
and strengthened.

Serious concern over the loss of local bio-
diversity on farm, which affects both landraces
of major crops and underutilized species, has
been voiced at national and international level
(FAO 1996; SCAR 2008; Veteläinen et al. 2009).
The highly localized cultivation of underutilized
species and their consequent appeal mainly to lo-
cal populations familiar with their diversity bene-
fits and uses, make them a difficult case for wider
promotion beyond their centre of main diversity
and origin. While this has been always a limit
for canvassing greater support on their conserva-
tion, current calls for greater crop diversification
in the context of climate change are seen as an
emerging opportunity to promote their local uses
in harmony with community-led and livelihood
based adaptation strategies.

Although protected areas offer a degree of
protection for underutilized species, how ef-
fective this might be in the future under cli-
mate change has been called into question (Lira
et al. 2009). More efforts are, therefore, needed
on in situ conservation. There is an urgent
need to scale up the work of the UNEP/GEF-
supported project, “in situ” conservation of CWR
through enhanced information management and
field application, coordinated by Bioversity In-
ternational in five countries—Armenia, Bolivia,
Madagascar, Sri Lanka, and Uzbekistan7—to
other target species and protected areas, coun-
tries, and regions (Hunter and Heywood
2011).

Perfecto et al. (2009) elaborate in detail the
sort of paradigm shift and partnerships that
may be necessary, working through traditional
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agroecosystems and indigenous and social
movements, to ensure the conservation of thou-
sands of underutilized species.

The most important point to emphasize here is
that to enhance in situ conservation it is important
to recognize that conservation strategies are more
likely to be successful if national governments,
on-the-ground agencies, and local people set the
agenda, as it is they who will be responsible for
their implementation, with international NGOs
and IGOs playing a supporting role (Smartt and
Haq 2008; Smith et al. 2009).

The use enhancement challenge

Enhancing the use of underutilized species to
strengthen adaptation and resilience of agri-
cultural systems is a complex endeavor that
requires a highly multidisciplinary and mul-
tistakeholder approach (Hoeschle-Zeledon and
Jaenicke 2007). Efforts are highly interlinked
internally and with crosscutting themes such
as germplasm conservation, capacity build-
ing, policies, and public awareness (Jaenicke
and Höschle-Zeledon 2006; Rojas et al. 2009;
Padulosi et al. 2009).

We should be also aware of the negative im-
pact that some underutilized species may have
on people’s livelihood when their diffusion is not
accompanied by parallel dissemination of prac-
tices for their proper management and use as in
the case of the invasive Solidago canadensis in
Poland (Polok et al. 2008). An area emerging
also as highly strategic for deployment of under-
utilized species is that of biofuel (and in partic-
ular those of the second and third generation) in
view of the perspective to deploying hundreds of
hardy species in marginal or abandoned areas.

With regard to needs related specifically to
climate change and use enhancement research
for underutilized species, the following seem to
emerge as priority areas of intervention: (1) com-
parative studies to assess/confirm adaptation and
resilience capacities of species and varieties in
different contexts, (2) capacity building of re-
search in modeling for climate change adaptation

using the experience developed on major crops
and wild species, and (3) socioeconomic stud-
ies to predict impact of climate change on seed
systems and local markets.

The awareness and knowledge
challenge

One of the limitations in the popularization of
underutilized species is that related to poor un-
derstanding and perception of their roles and im-
portance by various elements of society. Despite
their enormous economic importance, and the
fact that the survival of many are severely threat-
ened, there is no way we can say that CWR
are considered as flagship or iconic species in
a way that corresponds to similarly threatened
species of animals. This is a major contributing
factor to their current poor state of conservation.
Likewise, underutilized cultivated species often
carry a “food-of-the-poor” image (Blench 1997;
Padulosi et al. 2009). This is a phenomenon
recorded across continents and cultures and it
is found to strongly discourage their wider pro-
motion and adoption, unless adequate campaigns
are made to change people’s perceptions. Great
efforts are indeed often required to show that
species perceived as inferior (“low status food”)
are in fact very relevant to food security and mi-
cronutrition as well as for many other social,
cultural, and environmental purposes. From a
social perspective, the vulnerability of people
in the context of climate change and biodiver-
sity should not be exclusively seen from the
physical angle (threats on genetic diversity, loss
of nutrition or income opportunities, etc.), but
also from the nonmaterial benefits that species,
including those underutilized, may provide
to people.

If we limit our analysis to food, biodiversity
is an essential conduit to our food culture, tradi-
tions, the sense of belonging to the territory and
shared history, intimate association with people,
sharing of similar emotions and identity.

Centuries of natural and human-driven selec-
tion have resulted into a vast array of diversity in
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agricultural crops in each region that is enriched
by a parallel cultural diversity related to identi-
fication and classification of species, knowledge
on where to find and how to harvest them (in the
case of wild species), where-when-how to grow
them (case of cultivated species), how to make
the best use of their products, etc. Climate change
is expected to have a wide range of negative con-
sequences on local knowledge, and we should
be prepared to prevent that from happening by
devising methods and tools that would make
people less affected. For instance, the chang-
ing of cultivating patterns arising from changes
in rainfall regimes will induce people to drop
some crops and select others. On the hypothe-
sis that underutilized species will hold compar-
ative advantages in such a change, we need to
devise ways through which these changes can
be facilitated and thus precious knowledge cur-
rently disappearing is documented, safeguarded,
promoted, and disseminated through social net-
works. The role of single community members as
well as that of collective actions will be equally
relevant in the context of coping strategies. To
that regard, empowerment of women through in-
centives and programs aimed at enhancing their
skills and capacities related to nutrition and in-
come generation from local biodiversity need
to also receive greater attention from Govern-
ments and relevant agencies (Balakrishnan 2000;
Padulosi et al. 2009).

Conclusions

The vulnerability of people to climate change
is a function of the natural, social, economic,
and political context in which they live. The di-
versification of agricultural production systems
through the promotion of underutilized species
offers opportunities for strengthening adaption,
mitigation, and resilience of both the natural
and socioeconomic systems. While scientific ev-
idence on the comparative advantages of under-
utilized crops over commodity crops is yet to
be fully demonstrated, the experience acquired
by farmers and other interdisciplinary considera-

tions strongly support a call for more investments
on these species at the local, regional, national,
and international level. As the debate over the
future of agriculture under climate change inten-
sifies, crop diversification is being advocated as a
key component for enhancing adaptation and re-
silience of production systems. Greater demand
of underutilized species is expected to fulfill di-
versification and maintain at the same time liveli-
hood options of people, particularly the rural and
urban poor. The complexity of the promotion of
underutilized species requires a paradigm change
in agricultural research so far. Greater multidisci-
plinary and intersector linkages will be needed to
face this challenge. Other strategic interventions
toward the realization of greater benefits from
underutilized species include (1) map their geo-
graphic distribution and shed more light on the
complex linkages between their diversity, pro-
duction, and stability of agroecosystems in the
context of climate change; (2) explore trade-offs
between the role of a few species with impor-
tant traits over that of many species with less
important traits in view of the fact that too many
species may lead to high transaction costs in ac-
cessing markets, particularly for the poor; (3)
promote nation-wide campaigns to remove the
image of food of the poor attached to under-
utilized species as a way to reinforce food and
nutrition security in climate change scenarios;
(4) raise awareness among the younger genera-
tion over the importance of safeguarding healthy
food habits and traditions associated with local
crops as a way to move away from the cur-
rent dependency over few crops and species;
(5) establish monitoring and early warning sys-
tems for underutilized species in the context
of greater interventions in support of in situ/on
farm conservation of local biodiversity; (6) pro-
mote greater access and exchange of diversity
of underutilized (including expansion of Annex
I list of the International Treaty on PGRFA8)
as a critical element in support of crop diver-
sification strategies; (7) take advantage of the
mounting climate change awareness as an oppor-
tunity to mainstream underutilized species into
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national and local development plans and strate-
gies and use them as an engine for rural and urban
growth.

Endnotes

1. See the 395 species listed as examples at www.
underutilized-species.org/species/specieas_mask.asp.

2. http://www.donorplatform.org/content/view/289/157.
Accessed December 10, 2009.

3. Moringa is reported to have seven times richer vitamin C
content than oranges, four times more vitamin A content
than carrots, and four times more Ca than milk (plus dou-
ble of its protein) and three times more potassium than
bananas (http://www.moringanews.org/doc/GB/Posters/
Broin_poster.pdf).

4. http://www.kew.org/science-conservation/conservation-
climate-change/millennium-seed-bank/index.htm

5. http://www.agrobiodiversityplatform.org/blog/?p=96
6. “Especially in the light of biodiversity and climate change,

it is now particularly important to emphasize other socio-
economically valuable plants, including medicinal plants,
nontimber forest products, local land races, wild relatives
of crops, and neglected and underutilized plant resources.
Priority species can be selected on a case-by-case ba-
sis at the local, national, and regional level” (source:
UNEP/CBD/LG-GSPC/3/4. 2009).

7. http://www.cropwildrelatives.org/
8. http://www.planttreaty.org/texts_en.htm
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