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Abstract
The UN Sustainable Development Goal (SDG) Target 2.5 explicitly calls for the maintenance of genetic diversity of seeds
through soundly managed and diversified seed and plant banks at national, regional, and international levels as an essential
undertaking to end global hunger (SDGGoal 2). This special issue results from a renewed call to demonstrate the value-in-use of
conserving and supplying plant genetic resources conserved in genebanks to researchers, plant breeders, and farmers. We present
these studies as a collective contribution to a relatively small body of literature that highlights not only the importance of crop
plant diversity managed by genebanks but also the diversity of genebank functions and uses. In this overview, we begin by
restating foundation concepts that economists have applied to study the value of crop genetic resources conserved as genebank
accessions. We then provide a synthesis of previous research on genebank values from the late 1990s until the present. We
summarize the main messages of the studies included in this special issue of Food Security and explain how they contribute to a
better understanding of the role, function, and value of genebanks, particularly as we address food security challenges in a
changing agricultural context. Finally, we draw implications for further applied research and policy.
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1 Aims of this special issue of Food Security
on genebanks

Evidence regarding the economic returns of plant genetic re-
source use in breeding and crop improvement is very strong:
the social value of new and improved crop varieties has been
documented continuously for many decades. By contrast, ap-
plied research about the value of conserving the diversity of
plant genetic resources outside their place of origin (ex situ, in
genebanks) is scant.

Why? One explanation is that genebanks have long-term
objectives and are physically remote from eventual develop-
ment outcomes (Crop Trust 2015). In fact, the essential oper-
ations of genebanks and their social utility are poorly under-
stood. Further, even when we are able to assess the impact of

improved varieties grown by farming households on food se-
curity, it is not easy to disentangle the specific contribution of
the genetic resources supplied by the genebanks in the ances-
try of the varieties. Our analysis of the literature suggests that
the economic value of genebanks is likely to be understated
when derived only from the yield impacts of varieties on
farms. Diverse crop varieties, and the germplasm they em-
body, contribute many other benefits to farmers and society
as a whole, such as reducing the potential economic costs
wrought by plant pests and diseases as well as climatic
variability.

Some historical perspective helps to understand the eco-
nomic importance of the genebanks and the diversity they
conserve. During the Green Revolution, Harlan (1972) and
others expressed fears that valuable genes would be lost as
farmers replaced their landraces with more genetically uni-
form, modern varieties. The diffusion of modern varieties oc-
curred on a massive scale and entire farming systems were
reshaped with greater use of fertilizers and controlled irriga-
tion. At that time, modern varieties were intentionally bred to
be responsive to fertilizer under favorable moisture condi-
tions. Many of these new varieties, such as early semi-dwarf
wheat varieties bred by Norman Borlaug, also incorporated
genetic resistance to major diseases, including stem rust.
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The Southern Corn Leaf Blight epidemic that occurred in
the United States in 1970 illustrates the crop devastation that
may occur when large areas are planted to uniformly, geneti-
cally susceptible plants (Bruns 2017; National Research
Council 1972). Then, as now, crop geneticists and breeders
often hypothesized that rare, locally adapted plant genotypes
might be found among the varieties maintained by farmers in
isolated, extreme, or heterogeneous environments. They led
extensive and intensive efforts to collect diverse seed samples
of landraces and crop wild relatives, protecting them for future
use as ‘accessions’ in cold storage units. Public organizations,
such as the Food and Agriculture Organization of the United
Nations, and private foundations such as the Ford and
Rockefeller Foundations, contributed to these efforts.

Over the last 50 years, the CGIAR (formerly the
Consultative Group for International Agricultural Research)
research centres have built up the largest and most frequently
accessed network of global crop collections (Fig. 1).
Coordinated by the CGIAR Genebank Platform and in part-
nership with the Global Crop Diversity Trust,1 the 11
genebanks of the CGIAR currently manage more than
773,000 accessions of genetic materials of cultivated plants
and crop wild relatives that are crucial to achieving worldwide
food and nutrition security (Table 1). While this represents
only 10% of the total accessions stored in about 1750
genebanks around the world, the CGIAR genebanks account
for about 95% of the germplasm distributed within the guide-
lines of the International Treaty on Plant Genetic Resources
for Food and Agriculture (ITPGRFA) (ITPGRFA 2020).

These efforts have not proceeded without controversy.
During the late 1990s, Raeburn (1995) referred to genebanks
as little more than ‘seed morgues’. Criticism mounted that
materials stored in genebanks were rarely used because little
was known about them (Plucknett et al. 1987; Wright 1997).
With economic theory, Simpson et al. (1996) demonstrated
that excess capacity, redundancy, or availability of close sub-
stitutes drives the marginal value of an individual genetic re-
source toward zero. While accepting this argument, several
studies undertaken in the early 2000s contested the viewpoint
that genebanks were ‘unused’ and developed some analytical
approaches for assessing genebank values (Gollin et al. 2000;
Johnson et al. 2003; Zohrabian et al. 2003; Koo et al. 2004;
Day-Rubenstein et al. 2006). Researchers focused on the large
collections housed in the CGIAR system and the US National
Plant Germplasm System (US NPGS), both of which serve a
global mandate, although a number of case studies of national

genebanks were also conducted during that period (e.g.
Virchow 2003; Kingwell et al. 2001).

Since then, we find only a few studies that explore the
value of genebanks in the peer-reviewed literature, and these
are not directly related to agricultural development in lower
income countries. Xepapadeas et al. (2014) explored the in-
surance value of the Greek genebank, and an article by Tyack
and Ščasný (2018) applied stated preference methods to value
accessions in the Czech genebank. Meanwhile, the technical
and operational management of genebanks progressed
enormously. Tools were developed to provide geneticists
with new means of searching for useful traits and new ways
of using materials. McCouch et al. (2012) describe how
genotyping and sequencing can enable scientists to document
the genetic identity of their accessions, identify duplicates and
optimize collections (also see article by Gollin, in this issue).
The availability of genomics data will likely lead to innova-
tive, international research and breeding partnerships
(Halewood et al. 2018).

However, research on the value of international
genebanks and the genetic diversity held in the
collections has not kept pace. Schreinemachers et al.
(2014) published a cost analysis conducted for the
World Vegetable Center (AVRDC). Gotor and Caracciolo
(2010) applied an econometric framework to data provid-
ed by the International Rice Research Institute (IRRI) to
investigate the effects of the in-trust agreements on germ-
plasm distributions. Their results were consistent with the
hypothesis that there was a changing point in germplasm
distributions before and after 1994, when the in-trust
agreements (ITAs) were enacted. A significant drop in
distributions was observed from 1989 to 1994, followed
by a growing trend after ITAs were established and the
policy environment became more stable. Given the sam-
ple data at hand, they were unable to draw conclusions
regarding the effects of the policy change on the value of
the material held in-trust. Galluzzi et al. (2016) concluded
that countries could use a wide diversity of germplasm
from many other countries as inputs into their crop im-
provement programmes if they are provided with the op-
portunity of facilitated access to genetic resources.
Similarly, the authors were also unable to draw conclu-
sions regarding the value of the international germplasm
distributions with the type of data used. They did, how-
ever, highlight the importance of non-monetary benefits,
such as information exchange, technology transfer, and
capacity building, in the global movement of germplasm.

Concurrently, the geopolitical and environmental con-
text in which genebanks conduct their work has evolved
in new directions. We believe that public concern for the
physical security of seed samples, for the rate of loss of
remaining landraces and wild relatives due to threatened
habitat, and for finding ways to address human needs

1 The Global Crop Diversity Trust (https://www.croptrust.org/) is an
international organization based in Bonn, Germany. Established in 2004 by
Bioversity International, on behalf of CGIAR and the UN Food and
Agriculture Organization, the Crop Trust helps support the global
conservation system by providing long-term grants through an endowment
fund.
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caused by weather extremes are even greater today than
they were two decades ago when earlier work was pub-
lished. The UN Sustainable Development Goal (SDG)
Target 2.5 explicitly calls for the maintenance of genetic
diversity of seeds through soundly managed and diversi-
fied seed and plant banks at national, regional, and inter-
national levels as an essential undertaking to end global
hunger (SDG Goal 2). SDG Goal 2 recognizes that
genebanks are critical to the achievement of global food
security. Target 2.5 further acknowledges that because
food security depends on the food production adapted to
local farming environments and suited to the needs of
local societies, genebank systems must encompass a di-
versity of plants, crops, and commodities.

With this special issue in Food Security, our principal aim
is to update the evidence and enhance the understanding of the
role and value of genebanks in a changing agricultural con-
text. The studies presented in this special issue were undertak-
en in partnership with genebank staff and scientists at the
International Rice Research Institute (IRRI) in the
Philippines, the International Center for Maize and Wheat
Improvement (CIMMYT) in Mexico, the International
Potato Center (CIP) in Peru, the International Center for
Tropical Agriculture (CIAT) in Colombia, the International
Livestock Research Center (ILRI) in Ethiopia, World
Agroforestry (ICRAF) in Kenya, and the Pacific
Community’s Centre for Pacific Crops and Trees (CePaCT)
in Fiji. The analyses are interdisciplinary in nature, employing
either quantitative or qualitative methods, or both. In addition,
we invited lead articles from Gollin to provide a theoretical
economics perspective on changing technologies and from
Tyack and Ščasný to offer another example of a genebank
valuation study based on stated preference approaches in a
developed economy.

2 Concepts and definitions

Genebanks perform a broad range of functions, from
collecting new plant materials to conserving them in
medium- and long-term storage, testing seed health,
conducting research to characterize and evaluate the resistance
of plant materials to disease, and distributing plant materials to
plant breeders, research scientists, and farmers (Popova 2018).
Many have argued that genetic resources stored in genebanks
are invaluable; seeking to value them in economist’s terms is
therefore purposeless (see examples in Wilson 1988). We do
not entirely agree with this view; indicators of value and mea-
surements of the magnitude of value are crucial elements for
decision making when resources are scarce and choices must
be made. That said, valuing genetic resources is notoriously
challenging.

Our definition of economic value is anthropocentric be-
cause plant domestication and agricultural production are hu-
man activities. When discussing the diversity of crop genetic
resources, we refer to both phenotypic and genotypic variation
within and among all agricultural crop species, including va-
rieties recognized as agro-morphologically distinct by farmers
and as genetically distinct by plant breeders. We include crop
wild relatives (Aberkane et al.; Tyack and Ščasný in this issue)
and any other plant material that is a basic unit of heredity (or
‘genetic material’), such as semi-natural accessions of forages
(Kitonga et al. in this issue). The plant genetic resources that
are our focus are conserved as germplasm or ‘accessions’ in
genebanks are typically stored as seeds, seedlings, tissue, and
other forms that contain genetic information and are being
distributed and used by farmers, scientists, and breeders.

Several studies in this collection also refer to farmers’ va-
rieties or landraces when constructing the genealogies of im-
proved varieties (Bernal-Galeano et al.; Villanueva et al. in

Fig. 1 The CGIAR genebanks
and where they are located.
Source: CGIAR Genebank
Platform (2019)
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this issue), discussing crop genetic diversity (Alexandra et al.;
Bernal-Galeano et al. in this issue), or presenting a dynamic
model of conservation (Ocampo et al. in this issue). Typically,
farmers’ varieties do not satisfy breeders’ or legal definitions
of variety because these varieties are heterogeneous and seg-
regate genetically. Farmers’ varieties are often called ‘land-
races’, while those bred by professional plant breeders are
termed ‘modern varieties’. Definitions for landraces are nu-
merous in the crop science literature. Harlan (1992) defined

them broadly as variants, varieties, or populations of crops as
maintained by farmers, with plants that are often highly vari-
able in appearance. The genetic structure of landraces is
shaped by farmers’ seed selection practices and management
as well as by natural selection processes over generations of
cultivation. A plant phenotype is the observable manifestation
of a genotype. A genotype is determined by its alleles, or types
of genes. Morphology refers to physical characteristics or
form.

Table 1 The CGIAR genebanks
and their mandates Genebank (country

location)
Highlights

AfricaRice (Côte
d’Ivoire)

AfricaRice holds the world’s largest collection of African rice, Oryza glaberrima,
in a collection of 20,000 accessions. The genebank has just been transferred to
new facilities in Côte d’Ivoire.

Bioversity (Belgium) Bioversity is responsible for the International Musa Germplasm Transit Centre
hosted by the Katholieke Universiteit Leuven, Belgium. The collection of about
1500 banana and plantain accessions is maintained as tissue culture and in
cryopreservation.

CIAT (Colombia) The International Center for Tropical Agriculture (CIAT) maintains large and di-
verse collections of beans (38,000 accessions), tropical forages (23,000) and
cassava (6600) in Colombia. CIATmaintains these crops in seed, field and tissue
culture collections in multiple locations.

CIMMYT (Mexico) The International Maize and Wheat Improvement Center (CIMMYT) houses out-
standing wheat (153,000 accessions) and maize (28,000) collections near
Mexico City. The genebank is ISO certified (ISO 9001) and the GHU is ISO
accredited (ISO 17025).

CIP (Peru) International Potato Center (CIP) manages the largest in vitro collection in the
CGIAR, including potato, sweet potato and Andean root and tuber crops located
in Lima, Peru. CIP is currently cryobanking its potato collection for longer-term
storage.

ICRAF (Kenya) World Agroforestry (ICRAF) conserves domesticated, partially domesticated and
wild tree species used for fruit, timber, medicines and other products. More than
180 tree species are held as seed accessions in Kenya and 43 species are con-
served in field collections at 38 sites in 15 countries, mostly in Africa but also in
Bangladesh, Peru and Vietnam.

ICARDA (Morocco and
Lebanon)

The International Center for Agricultural Research in the Dry Areas (ICARDA)
conserves 145,000 accessions of crops and forages native to the Fertile Crescent,
in two sites: Morocco for cultivated material of barley, chickpea, grasspea, lentil
and wheat; and Lebanon for crop wild relatives of cereals and legumes.

ICRISAT (India) The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
based in India, with outstations in Africa, manages 125,000 accessions of
chickpea, groundnut, various millets, sorghum and pigeonpea. ICRISAT
pioneered the use ofmini-core collections tomake access to crop diversity easier.

IITA (Nigeria) The International Institute of Tropical Agriculture (IITA), based in Nigeria,
manages several crops important to Africa, as seeds (23,000 accessions) and as
clonal collections (9000). Crops conserved include banana, cassava, yam, maize,
soybean and crops such as Bambara groundnut, cowpea and African yam, bean,
less well known but nonetheless vital for local food security.

ILRI (Ethiopia) The International Livestock Research Institute (ILRI), based in Ethiopia, holds
almost 19,000 accessions of 1723 tropical forage species. The collection is
taxonomically very diverse and comprises mainly wild species, in a new and
fully modernised facility.

IRRI (Philippines) The International Rice Research Institute (IRRI) holds almost 128,000 accessions
of rice varieties and wild relatives at its facility in the Philippines. IRRI has
pioneered research on seed conservation, improving the efficiency of its opera-
tions and extending the longevity of stored samples.

Source: CGIAR Genebank Platform (2019)
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To understand the impacts of a genebank, we need first to
understand the sources of value in plant genetic resources.
Economists are often asked to value plant genetic resources
because these resources are limited. When resources are lim-
ited, any choice is a value judgment. One way to conceptual-
ize sources of value is the total economic value framework
developed by resource economists (Fig. 2 is one version of the
framework). Total economic value includes both use and non-
use components. Use value can be direct, deriving from the
food, fibre, and medicinal products to which plant genetic
resources contribute; use value can also be indirect, relating
to the habitat or ecosystem. Both direct and indirect values
have current and future expected values. A third component
of use value is option value. Option value derives from uncer-
tainty and implies the flexibility to respond to unexpected
future challenges. Depending on the articulation of the frame-
work, cultural services may be included in use or option
values.

Non-use values are typically composed of existence and
bequest values. Existence value refers to the satisfaction felt
simply from knowing that something exists, whether it is used
or not. Bequest value is defined as the satisfaction gained by
individuals from knowing that others will have the opportuni-
ty to enjoy an asset in the future. Endowing a genebank as a
trust for future generations (e.g. The Crop Trust) might be
viewed as an explicit recognition of bequest value. It has been
argued, however, that the existence value of plant genetic
resources is appreciated by relatively few individuals. Unlike
‘charismatic species’ such as polar bears (e.g. in Svalbard),
plant genetic resources are conserved precisely because they
are thought to embody genes and gene combinations of future
use to human society through crop improvement.

Years ago, an eminent resource economist admitted that he
was ‘awed by how little economics could contribute to valu-
ation of genetic resources’ (Brown 1990). He explained that
since most value components do not trade in markets, they
have no market prices. Even when only the value components
related to use are considered, few are measurable with quan-
tities and observable prices. A genebank collection, as com-
pared to a breeder’s working collection, is maintained largely
to respond to future demand. Thus, the expected future use
and option value components of use value are sizeable in a
genebank collection. Option value is more difficult to assess
empirically than expected future use, which can be calculated

from historical records. We do know that option value cannot
be negative in sign.

Second, the commercial value of plant genetic resources
may represent a relatively small component of their total use
value when markets function poorly. In many developing ag-
ricultural economies, farmers obtain seed outside of formal
markets, and although there is considerable value in the plant
genetic resources they use, they may not sell their harvest.

Third, eachmarket-based analysis is generally fixed in time
and projections are based on assumptions that might not bear
out. Tastes and preferences are dynamic. Production shocks
occur from which plant genetic resources that are rarely used
in crop improvement derive substantial economic value, such
as a genetic material that confers resistance to a new pathogen.

Finally, since the potential usefulness of any single genetic
resource is often highly uncertain, and time horizons for de-
veloping products from genetic resources are long, econo-
mists generally contend that private investors under-invest in
conserving them at the levels needed by society. As a conse-
quence, the public sector has played a pivotal role in conserv-
ing these resources and will continue to do so in the foresee-
able future.

Revisiting these concepts today, we recognize that
genebanks have multiple functions that are not strictly limited
to the conservation of plant genetic resources, including the
documentation and provision of scientific information for fur-
ther research. We have particular concern for endangered crop
wild relatives found in natural habitats or interspersed in ag-
ricultural and peri-urban landscapes beset by weather
extremes.

3 Literature review

Considering the breadth of sources of value that can be as-
cribed conceptually to plant genetic resources, the empirical
documentation of these values is remarkably narrow. Below,
we provide a synthesis of this literature here, by the general
research question addressed. Details on theory and methods
are found in the original sources.

Total value

Use value Non-use value

Direct
(current and

future)

Indirect
(current and

future)

Option Existence Bequest

Fig. 2 Total economic value
framework. Source: authors

Valuing genebanks



3.1 What is the value of genebanks in crop
improvement?

Economists have repeatedly demonstrated that the continuous
release of improved varieties by plant breeding programmes
has brought economic returns that far outweigh the costs of
investment. Most of these net benefits have been generated by
publicly funded institutions. Society and consumers have es-
pecially benefited from lower food prices, particularly in less
advanced economies where consumers spend a larger share of
their budget on food. Estimated rates of return to investment
are high (often within the 40–60% range, e.g. Alston et al.
2000; Evenson 2001; Evenson and Gollin 2003; Raitzer and
Kelley 2008; Renkow and Byerlee 2010). Research on farm-
level adoption and impacts of improved varieties is also volu-
minous. A smaller set of studies explores the effects of certain
categories of plant genetic resources (e.g. landraces) and indi-
ces of variety diversity or genealogical diversity on yield or
yield risk (e.g. Widawsky and Rozelle 1998; Smale et al.
1998, 2008; Di Falco and Chavas 2009).

Among studies that assessed the economic impact of using
plant genetic resources in crop improvement, we know of only
a handful that sought to relate productivity changes in farmers’
fields to genebank accessions. Evenson and Gollin (1997)
consulted the genealogies of rice varieties released by national
programmes and IRRI from 1965 to 1990, correlating produc-
tivity changes with changes in IRRI programmes in an econo-
metric model. They estimated that adding 1000 cataloged ac-
cessions was associated with the release of 5.8 additional va-
rieties. Assuming a 10-year lag for variety development and a
10% discount rate, they calculated that these new accessions
generated a present value (in 1990 dollars) of USD $325 mil-
lion. A similar study by Gollin and Evenson (1998) focused
on India.

Johnson et al. (2003) estimated that 49% of bean area in
Latin America was planted to varieties associated with CIAT
and genebank distributions in 1998, with an incremental value
of production of USD $177 million. Robinson and Srinivasan
(2013) estimated the benefits of a high-yielding cassava vari-
ety (Kasetsart 50) in Southeast Asia and a high-yielding potato
variety (Cooperation 88) in China, linking these explicitly to
genebank accessions. They found aggregate economic bene-
fits nearing USD $100 million from the diffusion of Kasetsart
50, arguing that these would not have been achieved without
the use of the genebank. Benefits accruing to Cooperation 88
in China were predicted to reach nearly USD $500 million per
year, with poor people earning the largest share.

The methodological approach in most studies of economic
benefits of farm productivity gains builds on the compendium
by Alston et al. (1998), although methodological challenges
continue to be debated and refined. Partial equilibrium analy-
sis, economic surplus methods, and econometric approaches
are commonly used. Econometric models of yield response

and production functions may be estimated, incorporating in-
dices of genetic diversity or ancestry as explanatory variables.
Pedigree data and genealogies have been employed in combi-
nation with data on variety transfers or with farm survey data
or secondary data measured at a district or regional scale.
Forms of hedonic analysis were also applied to explore the
value of genetic resource attributes.

There are several inherent limitations to this literature.
First, the literature on crop productivity documents the value
of plant genetic resources used in plant breeding only for
commercial agriculture. For example, the value of crops not
often used by breeding programmes, of which relatively little
scientific research has been conducted (sometimes referred to
as ‘neglected and underutilized crops’), is not included. Also,
semi-subsistence farmers, or farmers in remote areas who do
not sell their crops, are not represented. Crop wild relatives are
also not represented, unless they were included as ancestors in
the breeding programme.

Second, analysts face challenges when estimating the share
of the productivity gain that is attributable to genetic advance.
The genetic component is only one of many factors that affects
yields in farmers’ fields.

Third, even when genetic gains can be estimated, appor-
tioning these among the progenitors of the variety involves
‘rules of thumb’, such as Mendelian rules of inheritance. The
Mendelian rules of inheritance assume that each parent in the
pedigree of a variety contributes equally in each generation,
ignoring both the effects of random genetic drift and the effect
of selection by breeders from crosses for traits of economic
interest. Both processes of attributing yield gains in farmers’
fields to their genetic component and apportioning the genetic
component to individual ancestors are data-intensive. They
require accurate genealogies, specialized trial data, or farm
survey data with variety-specific information on areas and
production. Studies of the value of genebanks in crop im-
provement need to able to link a genebank accession directly
to an improved variety grown in farmer’s fields and the pro-
duction outcome of research interest.

3.2 What is the value of a collection?

Spurred by debates over whether the expansion of genebanks
was justified, Gollin et al. (2000) developed a model that
portrays the relationship between genebank size and the
search for new traits. Applying the model to data assembled
at CIMMYT about search costs and areas planted to wheat that
was potentially susceptible to the Russian wheat aphid, they
simulated various scenarios to represent a range of adoption,
cost, and benefit outcomes. Russian wheat aphid spread from
its centre of origin in the Caucasus and Central Asia to numer-
ous geographical areas, including the US, South Africa, parts
of the Southern Cone of Latin America, and North and East
Africa, but searches of advanced lines at USDA revealed the
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near absence of resistance in materials originating outside
Central Asia. Across the scenarios, the range in discounted,
expected net benefits was huge (from USD $1.2 to $165.8
million), depending mostly on the time lag from discovery
of resistant material to adoption. When the time lag was as
short as 7 years, the expected net benefits justified a search
that was larger than the total number of wheat landraces in the
CIMMYT genebank.

In a second example, a trait of value was found in a tiny
subset of the world’s collection of genetic resources.
Searching a tiny sample of Iranian landraces from the region
of pest origin for resistance to Russian wheat aphid increased
net benefits substantially, revealing the value of specialized
knowledge and passport information. Although such sub-
collections may be searched rarely, there are reasons for stor-
ing them ‘unused’ for years.

The third example (Septoria tritici, which causes leaf
blotch) demonstrated that it may be economically optimal
for plant breeders to search their own collections before they
demand unimproved materials from genebanks—and this in
no way implies that genebank accessions are less valuable.
Despite the superior distribution of resistance among acces-
sions of emmer wheat the relative costs of search and trait
transfer from emmer were too high, considering the technol-
ogy available at that time.

The examples presented by Gollin et al. (2000) revealed
that much of the value of large collections in crop improve-
ment is derived from rare traits of economic importance.
Payoffs may be modest in the short-term but great over the
longer term when both predictable and unpredictable chal-
lenges must be addressed. These results hint at insurance
and option values.

The authors adapted the search theory framework used pre-
viously by Evenson and Kislev (1975) and Simpson et al.
(1996), which relies on numerical methods and Monte Carlo
simulations applied to data on probability distributions for
traits, search costs, and benefits of successful search. The
probability of finding a targeted trait is sensitive to the fre-
quency distribution of the desired trait. This distribution de-
pends on the size of the collection and the trait distribution in
the underlying plant population. The discounted stream of
future benefits depends on many factors, including the time
required for plant breeders to effectively transfer the new
source of resistance into the variety, the time needed for the
improved variety to pass any regulatory hurdles before re-
lease, and the time lag between release and actual use by
farmers. Costs depend very much on the tools used to find
and confer sources of genetic resistance.

A limitation of the Gollin et al. (2000) study was that the
authors were not able to examine the overall distributions of
resistance across numerous traits, search costs, and benefits
streams in order to draw more general conclusions about the
optimal size of a genebank. Today, the model could be used to

demonstrate the value of using more advanced genetic
information, such as genotyping, in search processes. Gollin
et al. (2000) did not estimate the expected value of an addi-
tional genebank accession. This question, discussed next, is
relevant for the decision to expand a collection, discard an
accession, or restrict the use of an accession through imposi-
tion of property rights.

3.3 What are the costs of genebank conservation?

The costs of conserving accessions in genebanks are relatively
easy to tabulate compared to their expected benefits. The stud-
ies compiled by Koo et al. (2004) confirmed the relatively low
costs of maintaining large collections of some major crops.
Their analysis showed that the present value of conserving
and distributing an accession into perpetuity varied signifi-
cantly by crop, reflecting in part its reproductive biology.
For example, the costs of conserving an existing accession
of maize was estimated at USD $141 in 1996 with 6% initial
regeneration, compared to only USD $10 for an accession of
wheat. Comparable figures for wild groundnut at the
International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) were USD $19 for an existing accession,
USD $28 for cultivated rice, and USD $49 for wild rice. At
CIAT, conserving an accession of beans into perpetuity was
estimated to cost USD $13 in 2000 with a 6% regeneration,
compared to USD $23 for an accession of forages. Wages,
plant maintenance, and operational costs also differ with the
location of the physical plant.

Other cost studies of national genebanks have been imple-
mented (see Virchow 2003; Kingwell et al. 2001) and reveal
variation in conservation cost by method of conservation,
crop, and genebank location. Horna et al. (2010) built on the
work of Koo et al. (2004) by developing a decision-support
tool aimed at enhancing the cost-effectiveness of collection
management. Again, the authors found that the reproductive
biology of the crop is a major determinant of the relative costs
of operations, particularly the cost of regeneration.
Characterizations and regeneration were often the most
resource-intensive operations for materials that are seed-prop-
agated. The average costs of some operations are similar
across materials (e.g. distribution and seed health testing,
which follows a formula). Distribution costs were higher than
expected and import clearance was a large component of
costs. The authors concluded that molecular characterization
to prevent duplication or for pre-breeding purposes added val-
ue to the collection.

The theoretical approach of Koo et al. (2004) was cost
minimization. They showed that if the costs of conserving
an accession are lower than any sensible lower-bound estimate
of benefits, undertaking the expensive and challenging
exercise of benefits estimation is not necessary to justify its
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conservation. The methodology of Horna et al. (2010) follow-
ed the overall approach of Koo et al. (2004).

3.4 What is the value of an individual genebank
accession?

There are many instances in which a single plant genetic re-
source has proved to have large commercial value by confer-
ring a specific trait, but these cannot be generalized. Well-
known examples include the Rht 1 and Rht 2 dwarfing genes,
which were bred into modern wheats via Norin 10 and whose
original source was named Daruma, a Japanese landrace. Sr2,
the gene known as ‘Hope’, conferred resistance to devastating
stem rust and was found in a genetic material named Yaroslav
Emmer. Documented examples among crop wild relatives in-
clude the wild tomato and sunflower (see subsection 3.7).
Even in these cases, since the genes interact with the genetic
background of each line into which they are bred, estimating
the value of the specific trait with accuracy would require
carefully designed trials to compare the performance of lines
that are otherwise identical.

Generally, in the process of plant breeding numerous ge-
netic resources are continually shuffled and reshuffled in an
uncertain search for traits that must be well expressed in a crop
variety destined for highly differentiated conditions of produc-
tion. Economically important traits are distributed statistically
across plant genetic resources, with varying likelihood of
attaining useful levels. The traits demanded by societies, such
as resistance to plant pests and diseases, and quality attributes
preferred by consumers also change frequently in response to
environmental stress and economic changes. Breeding prod-
ucts (crop varieties) contain many ‘ingredients’ that are also
genetic resources. These products are combined in turn with
others to produce the next variety. The marginal contribution
of the last resource used may be slight.

The uniqueness of an individual accession also matters for
value. The same trait may be apparent to one degree or another
in multiple plant genetic resources. Even when rare in a given
collection, accessions carrying useful traits may be duplicated
among seed samples (accessions) in multiple collections. Seed
samples of the same genetic resource may also be found in
more than one genebank collection and in more than one
political jurisdiction.

To say that the expected value of an individual accession
may not be ‘enormous’ does not imply that its expected ben-
efits do not justify the costs of conserving it. Because many
factors outside the control of genebankmanagers influence the
magnitude of benefits from finding and transferring traits into
crop varieties, predicting the benefits of conserving an indi-
vidual accession, and deciding whether to keep or discard it
based on economics principles (equating marginal expected
benefits to marginal expected costs), is not easy.

To our knowledge, the work by Zohrabian et al. (2003) was
the first and only published example of an attempt to estimate
the marginal value of an accession. The authors found that the
expected marginal benefit from exploring an additional, un-
improved accession in breeding soybean varieties resistant to
cyst nematode was small but more than covered its acquisition
and conservation costs. They found an expected benefit-cost
ratio in the range of 36–61 for investing in an additional ac-
cession to prevent losses from a single pest. Findings justified
the expansion of the US soybean collection.

Zohrabian et al. (2003) also drew on the search theoretic
framework but applied a maximum entropy approach to mod-
el the distribution of a quantitative trait when data are sparse.
By applying the decision rule of Koo et al. (2004), they found
that the lower-bound benefit from utilizing a marginal acces-
sion was higher than the upper-bound cost. A limitation of the
analysis was that it involved only a single trait, although indi-
vidual accessions may be useful in the search for more than
one trait.

3.5 What is the value of accession information?

The lack of useful data about accessions was cited as an ob-
stacle to greater utilization of accessions in plant breeding and
scientific research when the valuation work on genetic re-
sources began (Wright 1997). Evaluation data are of great
value to plant breeders seeking to improve traits related to
biotic or abiotic stress. Koo and Wright (2000) asked when
genebank managers should decide to evaluate genetic mate-
rials and whether new technological tools might change this
decision. Employing the example of plant disease, they
showed that the benefit of ex ante evaluation is largest when
the likelihood of infection is at an intermediate rather than
minimum or maximum level. When a disease is rare, the cost
of searching today is large relative to the expected present
value of future benefits. When disease is expected to occur
soon, host plant resistance will be evaluated in any case and
the importance of timing is reduced. Examples of this situation
include breeding for nonspecific resistance against the rusts of
wheat. The marginal benefit of technology breakthroughs that
reduce the time spent evaluating for resistance traits is larger
when the development process begins earlier, favoring ex ante
evaluation.

Based on a survey of requestors of genetic materials from
the US NPGS, Day-Rubenstein et al. (2006) tested the effect
of accompanying data on the share of seed samples reported to
be ‘useful’. They found that accompanying data improved the
chances that a sample received was used within a five-year
period in a breeding programme, whether evaluated or used in
other ways. A survey of users of the Musa International
Transit Center (ITC) revealed that receipt of ITC materials
allowed them to save time and resources by basing research
design on previous results (Garming et al. 2010).
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The theoretical model proposed by Koo andWright (2000)
is mathematical, with no empirical application. The main lim-
itation of the model is that the authors consider only the eval-
uation of resistance based on single genes. The analyses of the
US NPGS and theMusa ITC were each based on distribution
data and user surveys. US NPGS data were sufficient to esti-
mate an econometric model. The major constraints of the user
surveys were low response rates, which were difficult to raise
above 35–40%, regardless of the survey tool used.

3.6 What is the value of germplasm flows from
collections?

Studies by Evenson and Gollin (1997) and Johnson et al.
(2003) documented the reliance of individual countries on
genetic materials obtained from numerous countries via
genebanks and nurseries of the CGIAR. For example, of the
18 countries studied by Johnson et al. (2003) in Latin
America, 11 received over 70% of the genetic material in their
released varieties from other countries. Only 8.5% of 1709
rice varieties studied by Evenson and Gollin (1997) had been
developed entirely from own-country progenitors.

Fowler et al. (2001) showed that developing countries were
net recipients of germplasm samples from six of the CGIAR
genebanks (CIAT, CIMMYT, ICARDA, ICRISAT, ILRI, and
IRRI). More than 80% of the materials that had been distrib-
uted by that time, which totaled about one million samples,
went to organizations in developing countries. Most of these
were universities and national agricultural research systems.
Galluzzi et al. (2016) analyzed 25 years of distribution data
from the CGIAR. They found that developing and transition
economies dominated as recipients, utilizing transferred germ-
plasm within their public agricultural research systems, and
development programmes.

User surveys generally contradict the notion that
genebanks are rarely used. For example, the US NPGS survey
indicated higher rates of direct utilization in plant breeding
than had been suggested in earlier studies, secondary to use
through sharing within and outside respondents’ institutions,
and proportionately higher use rates among respondents in
low- and middle-income countries (Smale and Day-
Rubenstein 2002). Within the brief five-year period covered
by respondents, 11% of germplasm samples received had al-
ready been incorporated into breeding programmes, another
43% were still being evaluated, and 19% were reported as
useful in other ways, leaving 28% categorized as ‘not useful’.
Garming et al. (2010) found a continuous increase in the num-
ber of accessions available for distribution and in the number
of samples distributed by theMusa ITC. The ITC had distrib-
uted germplasm to over 100 different countries since its foun-
dation. For a number of countries, the ITC is the only source
of superior Musa germplasm. In countries with strict quaran-
tine, survey respondents reported that they could not have

conducted their research at all without the ITC, since it was
the only legal source of germplasm.

Of the earlier studies of germplasm flows, only Johnson
et al. (2003) and Evenson and Gollin (1997) reported econom-
ic values, and these were simply estimated. User surveys have
documented use of resources conserved in genebanks, which
has implications for use value, but have not estimated eco-
nomic value per se with the exception of the study on
willingness-to-pay by Tyack and Ščasný (2018). Tyack and
Ščasný (2018) estimated the willingness-to-pay for conserv-
ing additional crop varieties in the genebank for 10 years by
the Czech population and the population in the agricultural
region of South Moravia. A major finding of their research
is that Czechs who are provided with information about the
meaning and importance of crop diversity would be willing to
pay a total of USD $68 million crop conservation during the
coming decade. This amount represents about 4.5 times more
than current conservation costs.

3.7 What is the value of crop wild relatives?

Tyack and Dempewolf (2015) summarized the findings of a
number of studies that estimated the economic value of crop
wild relatives in crop improvement. Annual benefit estimates
ranged from USD $8 million to USD $165 billion (2012), for
activities ranging from providing genes from wild tomato to
contributing to the world economy. However, Tyack and
Dempewolf noted that the reported estimates were based, in
most cases, on ‘back-of-the-envelope’ calculations. In a num-
ber of cases, the entire value of the increase in the yield or
quality of the finished variety was attributed to the wild crop
relative with the known trait. Tyack and Dempewolf cited
Prescott-Allen and Prescott-Allen (1986) as seeking to appor-
tion the value more carefully by source and recommended a
study onwild coffee byHein and Gatzweiler (2006), who took
costs into consideration.

Tyack and Dempewolf (2015) also proposed a new con-
ceptual framework for analysis. They argue that previous stud-
ies focused narrowly on production value resulting from the
introgression of wild genetic material and suggested that re-
searchers consider the cost reduction due to reduced use of
pesticides and herbicides, or nutrients, such as phosphorus or
nitrogen. They recommend efforts to measure positive exter-
nalities, such as reduced emissions of carbon dioxide from
lower use of fertilizers, pesticides, herbicides, and irrigation.
Carbon savings have a dollar value in carbon markets.
Reduced threat of habitat loss because of less need for water
might be valued. Health benefits from reducing toxic sub-
stances in runoff are measurable.
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4 Contributions of this special issue

We consider that in terms of methods and scope, there are five
essential contributions of the applied studies in this collection
to earlier research on genebank valuation. The first is that
several lead authors were able to trace the ancestry of modern
varieties adopted by farmers directly to specific genebank ac-
cessions and apportion or measure indicators of benefits by
drawing from extensive, digitized information on pedigrees
(Villanueva et al.; Bernal Galeano et al.; Selitti et al.).

Villanueva et al. focus on the contribution of the
International Rice Genebank (IRG) at IRRI to rice-farming
households in India, using survey data from nearly 9000
farmers. Supplemented by extensive pedigree and evaluation
data, the authors examine the genetic composition of im-
proved rice varieties that are derived from the genes of IRG
accessions and adopted by farmers. Villanueva et al. extend a
classic econometric model of farm productivity by applying a
framework that tests the relationship of genebank provenance
to productivity changes while controlling for the effects of
other farm inputs and environmental factors. The authors also
take a step further by documenting the genetic contribution to
the pedigrees of not just one but a total of 45 varieties adopted
on over 95% of the study area in Eastern India. Alongside the
positive productivity effect associated with genebank prove-
nance, they are able to document a broadening in the latent
diversity of leading varieties grown as measured by the coef-
ficient of parentage.

Bernal-Galeano et al. combined analyses of biological,
agricultural, and market-related data to measure the con-
tribution of the genebank at the CIP to the development of
improved potato varieties released in low-income coun-
tries. They developed a new algorithm, the Relative
Contribution of Provenance (RCP), and apply it to pedi-
gree data to apportion the contribution of CIP genebank to
Pallay poncho and Victoria varieties. Pallay Poncho is
used to validate and test the restrictiveness of RCP mea-
surement because all the ancestors used for its develop-
ment were provided by the CIP genebank collection;
Victoria was selected due to the availability of pedigree
information and data on adoption rates and other econom-
ic parameters in Uganda. The authors then use an eco-
nomic surplus approach to attribute the yield gain from
Victoria, value the economic benefits, fits, and quantify
the genebank contribution. This study also highlights the
global interdependence in germplasm use, since genetic
materials originally from the Andes region and conserved
at CIP in Peru generated economic benefits from im-
proved potato varieties grown in Africa. Uganda is only
one of several African countries that cultivates Victoria.
Global interdependence as a source of key genetic fea-
tures is likely to become even more important as a means

of coping with climate extremes and weather variability in
agriculture.

In the aftermath of the 1990s genocide in Rwanda and
paucity of written records, Selitti et al. faced a more challeng-
ing task in constructing pedigrees. CIAT played a crucial role
in restoring diversity lost in farms, and Rwanda was the first
country recipient of iron-biofortified beans. The authors inves-
tigate the contribution of the genebank at CIAT to the devel-
opment of seven iron-biofortified varieties of climbing beans
and document the links to the genebank through pedigree
analysis and interviews with bean breeders. Selitti et al. apply
econometric approaches to test the impact of farm adoption on
the yield, consumption, and purchase of beans using a farm-
level dataset of nearly 1400 households in Rwanda. The re-
sults confirm the importance of genetic diversity conserved in
the bean collection at CIAT for developing of beans with high
amounts of micronutrients and provide evidence of the links
of the genebank to nutritional outcomes.

The analysis by Aberkane et al. represents a second major
contribution of the studies included in this collection: the anal-
ysis of wild, semi-natural, and landrace genetic materials. Like
the studies on improved varieties mentioned above, Aberkane
et al. tapped large-scale datasets and search pedigrees to trace
accessions of ‘goat grass’, a wild relative of wheat, to modern
varieties grown on farms through the development of synthet-
ic hexaploid wheat (SHW). SHW, which resulted from the
crossing of durum wheat and goat grass, bridges the transfer
of desirable traits into improved varieties of bread wheat. Over
1500 SHWs were developed by wheat scientists and the de-
rivatives represented 21% of the germplasm distributed be-
tween 2000 and 2018 by the genebank of CIMMYT. The
authors also surveyed wheat breeders to confirm the adoption
of 85 SHW-derived varieties in 13 countries. Their study illu-
minates the potential of pre-breeding to cope with the chal-
lenges of agricultural change. Because pre-breeding is a long-
term process, it should be strategically planned and designed
to ensure ready access of a set of targeted, adaptive, and eco-
nomically important traits for plant breeders. The authors em-
phasize that the case of ‘goat grass’ shows the key role of
genebank collections in conserving crop wild relatives for
pre-breeding.

Kitonga et al. examine farmer-perceived benefits de-
rived from the adoption of semi-natural tree species by
livestock and maize farmers. Calliandra and Gliricidia
are the two most popular fodder tree species in Kenya.
The availability of high quality fodder is one of the major
constraints in livestock production, while poor soil fertility
is a serious limiting factor to maize productivity.
According to the authors, these constraints could be ad-
dressed through the adoption of a tree-based production
system that incorporates the use of high quality tree spe-
cies. Through a survey of key informants and genebank
users, the authors provide anecdotal evidence of improved
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food security, higher incomes, increased milk production,
reduced vulnerability to drought, and enhanced soil fertil-
ity due to the adoption of Calliandra and Gliricidia. The
study also validate the unique role of the genebank at
ICRAF as the main source of tree germplasm for many
Kenyan smallholders and points to the under-recognized po-
tential of trees in ameliorating agricultural outcomes from pol-
icy interventions in developing countries.

The study by Ocampo-Giraldo et al. represents both the
second and third contribution of this collection. The authors
present a unique circular model of conservation that involves
combining ex situ and in situ approaches. These are discussed
in the specific context of Jala, a maize landrace of Mexico
named after its geographical origin. Jala has the largest ear
and tallest plant of all maize landraces in the world, but due
to changes in local economic and environmental condi-
tions, the genetic erosion of this ancestral landrace is now
becoming evident. Without a conservation strategy, evolu-
tionary processes and farmers’ selection practices over
generations of cultivation have resulted in a landrace with
shorter ears and plants. Together with genebank staff and
scientists from CIMMYT, the authors interviewed various
stakeholders, including maize experts, CIMMYT and na-
tional agricultural research systems (NARS) breeders,
farmers, consumers, and local youth groups to elaborate
on the cultural and economic significance of Jala.
Dynamic conservation combines both in situ and ex situ
conservation methods and supports exchange of germ-
plasm where farmers’ decision-making process regarding
germplasm conservation and use is considered and where
crop diversity conserved by local communities is made
available to other users through the international maize
genebank at CIMMYT.

Alexandra et al. provides the fourth contribution of this
collection. The authors narrated the formation of CePaCT
in Fiji, underscoring the role of a global effort to collect,
conserve, and breed taro in response to the Pacific’s ver-
sion of the Irish potato famine, the Taro Leaf Blight (TLB)
catastrophe, that occurred in Samoa in the 1990s. Their
effort led to the development of improved, disease-
resistant clones. The authors conducted ethnobotanical
fieldwork in Fiji, Vanuatu, and the Cook Islands and
interviewed more than 50 taro experts and farmers. The
TLB story highlights the intricate inter-organizational co-
operation and global commitment needed to safeguard a
prestige crop of the Pacific and find solutions to agricul-
tural challenges.

The unique valuation study by Tyack and Ščasný makes
the fifth contribution. For the first time in this literature, the
authors estimate the willingness of the Czech population to
pay for the information services generated by the activity of
pre-breeding accessions, including the wild relatives of wheat.
Finally, Gollin questions the “value” of valuation exercises—

instead, the economics of prioritization is the most important
direction for future research on genetic resource conservation.
He also reminds us that despite attractive claims that physical
collections can be readily replaced but digital records of DNA
sequence, the value of physical seed samples likely extends
beyond the DNA code.

When the seed samples analyzed here were originally col-
lected from the fields of local farmers who developed them
and conserved as genebank accessions, they were ‘priceless’.
Yet, each of the empirical studies presented here illustrates
how, because of genebanks, these accessions can be made
tremendously valuable in addressing the challenges of global
food security.

5 Implications

This collection of studies attests to the value of genebanks in
numerous ways. Several studies estimate genebank value in
physical or monetary terms. For example, Villanueva et al.
estimate that a 10% increase in the genetic contribution of
IRG accessions to an improved rice variety grown by rice
farmers in Eastern India is associated with a yield increase
of 27%. At the same time, the average coefficient of parentage
of all pairwise combinations among the 10 most adopted rice
varieties is only 0.0973, reflecting crossing germplasm and
multiple, functional trait combinations received from 19 coun-
tries of origin. Bernal-Galeano et al. estimate a gross benefit of
the Victoria potato variety in Uganda at USD $1.04 billion
dollars (2016), which exceeds the annual operational cost of
the entire genebank many times over. Seventy-two percent
corresponded to the CIP genebank contribution. Tyack and
Ščasný estimate that the Czech population is willing to pay
half of the current budget of the genebank on pre-breeding
over 10 years.

Given the difficulty in measuring the monetary value of
genebank accessions, it is significant that each of these
studies reveals a point that is relevant to the 2020 SDGs
and to science policy in a changing agricultural context.
SDG Target 2.5 highlights the contribution of genetic di-
versity of seeds and cultivated plants and their wild relative
species as well as the promotion of access and benefit-
sharing arising from the use of genetic resources to achiev-
ing SDGs. Ocampo et al. document the role of the
CIMMYT genebank in combatting genetic erosion in a
Mexican landrace while seeking to empower local commu-
nities as custodians of the resource. The example of
Victoria—a potato variety that connects the Andes to the
East African Highlands—demonstrates that the availability
of diverse germplasm, as is found at CIP, is perhaps the
most important element in varietal development. The role
of CIAT’s genebank in transferring germplasm for devel-
opment of iron-biofortified beans in Rwanda confirms this
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point. Micronutrient deficiency is one of the three types of
nutritional challenge we face today, along with persistent
undernutrition and obesity (SDG Targets 2.1 and 2.2). The
riveting story of how scientists overcame Taro Leaf Blight
emphasizes, once again, that global cooperation is needed
to protect farming systems against vulnerability from ge-
netic uniformity (SDG Target 2.A). Kitonga et al. record
farmer-perceived benefits and farmer reliance on the
ICRAF collection for semi-natural fodder trees with mul-
tiple on-farm and environmental benefits (SDG Target
2.3). Aberkane et al. clearly show how pre-breeding tech-
niques can be deployed to transfer genetic diversity from a
wild crop relative and confer resistance to pathogens and
pests, yield, and nutritional advantages (SDG Target 2.4).
Villanueva et al. provide evidence that the genebank con-
tributed to rice diversity on farms, which has positive ram-
ifications for reducing genetic vulnerability in a rice-
farming system based on improved varieties.

In which directions might applied research lead us from
here? The most gnarly issue in our analyses—and a long-
standing challenge—is how to apportion genetic contributions
of genebank accessions to improved varieties. With improved
data and information management tools, it should be much
easier to track the supply and exchange of genetic materials,
maintain accurate pedigrees, and compute genetic contribu-
tions using conventional Mendelian principles. Yet, we now
know more about the multiple mechanisms through which
genetic expression is conferred (Gollin, this issue) and are
increasingly stymied by the assumptions behind conventional
Mendelian principles. New approaches for apportioning ge-
netic contributions are needed if we are to achieve more pre-
cise estimation.

Finding a better way to apportion genetic contribution is
only one example of how genebank valuation is fundamental-
ly multidisciplinary. From its conception to its completion,
safeguarding crop diversity involves many disciplinary per-
spectives and approaches. In addition, the global genebank
system is only a single player in the global system for crop
conservation. This present set of studies indicates the involve-
ment of international nurseries, plant breeding programmes,
and genetics resource experts, partners in national research
systems, community organizations, youth groups, individual
consumers, and farmers. Genetic conservation involves many
players in many jurisdictions, and this contributes to the com-
plexity of the policies and decision making needed to promote
it. In this collection, only one study by Ocampo et al. ad-
dresses in situ, on-farm conservation. Much more work is
needed on the topic, including valuation studies building on
those conducted years ago (e.g. Birol et al. 2006).

Progress has now been made in establishing the necessary
standards and protocols to conserve genebank accessions.
Genebank services that promote use are hypothesized to add
value, such as supplying characterization and evaluation data,

systematic tracking of users, and feedback from users that
enables providers to better respond to the changing demand
for accessions. Future applied research could seek to estimate
value added by such services.

Alexandra et al. stress the importance of conserving and
supplying clean and healthy germplasm to reduce the dev-
astation of diseases carried in planting material. While con-
servation is a key function of genebanks, an underlying
assumption is that the materials stored and distributed must
be clean, viable, and health-tested. The reliance of farmers
on seeds from ICRAF because they are assured of quality
also supports this. There is a huge opportunity to raise
global awareness on how protecting plant health can con-
tribute to development goals by estimating the value of this
genebank activity.

We hope that this special issue contributes to a better un-
derstanding of the role, function, and value of genebanks, as
we address food security challenges in a changing agricultural
landscape.
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