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ON–FARM GENETIC RESOURCES AND

ECONOMIC CHANGE
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In agricultural systems, a diversity of crops and varieties is needed to combat the
risks farmers face from pests, diseases and variations in climate. Crop biodiversity
also underpins the breadth of dietary needs and services that consumers demand
as societies become wealthier. For some time, scientific experts have been con-

cerned about declining diversity of crop genetic resources on farms. Many argue that
the very processes that engendered the remarkable advances in agricultural productivity
during the 20th century, such as the Green Revolution, also eroded the valuable stocks
of genetic resources long maintained by farmers. Sampling these resources and housing
them in gene banks, while fundamental, is only a partial solution. Ex situ conservation
stops the evolutionary clock and raises proprietary concerns as genetic material is trans-
ferred out of the hands of its historical custodians for safeguarding.

Economists often view the loss of diversity as an unavoidable, unintended conse-
quence of technical change and specialization—a negative externality of progress. The
underlying premise of the research described in Briefs 13 through 18 is that in the
longer term, managing crop genetic diversity through a combination of strategies and
approaches (in gene banks, breeding programs and on farms) is essential for sustained
social and economic development.

The research on which the briefs are based has been published as a collection of case
studies geared toward agricultural and resource economists, applied researchers working
in international and national organizations, and scientists involved in local plant breed-
ing and genetics (Smale, 2006). Largely interrelated in methods and approach, the case
studies were implemented across a range of crops and agricultural economies where
crop biodiversity of global economic value remains in the fields of farmers. Developing
economies in Asia, Latin America, and Africa are represented, as well as transitional and
richer economies in Europe. Crops investigated include maize, rice, durum wheat,
sorghum and millet, potato, highland banana, coffee, fruit trees, grapes, and nuts.

In this collection of case studies, researchers shed light on questions regarding “who”
maintains diversity, “where” it is maintained, and “how much” farmers value this diver-
sity as societies and economies change. By identifying the factors that influence the like-
lihood that farmers will continue to manage crop biodiversity in a given context, the
case studies suggest how conservation programs might be designed and appropriately
targeted. The findings indicate how factors such as human capital, off-farm income and
migration, assets, farm physical conditions, and involvement in product and seed markets
influence the way farmers value the attributes of crops and varieties. In addition, the studies
employ higher scales of analysis than previous research on this subject, incorporating the
role of institutions at the levels of villages, settlements and regions. Greater comprehen-
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sion of these relationships will help to guide researchers
and policy makers in the identification of practical
entry points to support both conservation of genetic
resources and rural development.

Understanding What Farmers Value
This series focuses on the value of crop and variety
diversity to the farmers who manage it. The diversity
of crops and crop varieties is a consequence of human
choices in close interaction with natural selection.
Farmers choose to grow particular crop varieties for
the specific qualities they seek, which include produc-
tion traits such as crop yield and tolerance to pests
and diseases, as well as consumption-related attributes
such as taste and processing qualities.

The economic value of increasing crop productivi-
ty through the diffusion of improved, modern vari-
eties has been extensively documented, particularly in
the context of industrialized agriculture (e.g., Alston
et al., 2000; Evenson and Gollin, 2003). Costs and
benefits have also been estimated for plant genetic
resources conserved in gene banks, destined principally
for use by commercial farmers (Koo et al. 2004; see
Briefs edited by Smale and Koo). In contrast, scant
economics research has sought to understand the value
of increasingly scarce, local varieties to the farmers
who grow them. This is partly because such varieties
are typically found in marginal, isolated environments,
where they are traded outside of formal markets. In
addition, economists have only recently challenged
the commonly-held assumption that local varieties
will inevitably be replaced by modern varieties over
time (Brush et al. 1992; Meng 1997).

Local varieties, often called landraces, generally
exhibit high degrees of local adaptation, with particular
properties or characteristics that are valuable to the
communities in which they are grown and potentially
valuable for crop improvement elsewhere, where they
may be scarce. Landraces are often highly variable in
appearance and show considerable genetic variation,
which is often deliberately manipulated by farmers
(Harlan 1992).

Seed is an impure public good, with both private
and public characteristics (Heisey et al., 1997; Morris
1998). While it has value as a production input for
individual farmers, there are also public values associated
with the crop genetic diversity that it contains. One
example is the option value that genetic resources pro-
vide, or flexibility to deal with unexpected future

demand. Since the genetic diversity of crop genetic
resources is not fully transparent to the farmers who
manage it, individual decisions on the use and manage-
ment of crop varieties can result in the loss of potentially
valuable resources. In developing strategies to sustain
agricultural biodiversity in ways that are beneficial to
both society and the farmers who manage genetic
resources, the greatest benefits and the lowest costs will
arise in economic and physical environments in which
both the benefits for farmers and the public value of
crop diversity are high.

Elements of the Approach 
Diversity Metrics
A novel aspect of the economics methods applied in
these studies is the attention given to the concept of
diversity. Diversity can be measured in a variety of
ways, and diversity indices are used to represent vari-
ous concepts. No concept is universally correct, and
more than one may be appropriate in any particular
context (Meng et al. 1998), underscoring the need to
work in close interaction with genetics experts and
crop scientists. For example, the diversity that is
“apparent” to farmers in the physical characteristics 
of crop populations differs from the “latent” diversity
revealed through molecular or pedigree analysis. In
addition, crop biological diversity can be measured
within or between species, and over space and time.
The crop reproduction system is a critical aspect to
consider when choosing a metric of diversity, as is the
nature of the farming system. For example, diversity
indices based on pedigree data cannot be constructed
for landraces.

The diversity concept (latent or apparent; spatial
or temporal) is distinguished from the measurement
tool that enables the concept to be incorporated into
an economic model as a diversity index (Meng et al.
1998). Diversity indices are scalar variables construct-
ed from any one of several types of data. For example,
data may record physical measurements on crop
plants grown in controlled experiments or may docu-
ment the variation in DNA taken from plant tissue
and expressed as patterns on gels. With the exception
of the trait-based index described in Brief 14, the
diversity indices in the case studies were adapted from
ecological indices that express spatial diversity con-
cepts for species: the Margalef index, which measures
species richness; the Berger-Parker index of domi-
nance, which measures relative abundance; and the
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Shannon index, which represents both richness and
relative abundance. 

While understanding latent diversity is of routine
importance for crop breeding and conservation pro-
grams, the authors of these studies purposefully chose
to use the units of diversity that farmers recognize and
manage as the basis for constructing diversity indices.
Because farmers tend to grow varieties based on the
traits and attributes they observe rather than those they
cannot see, the more sophisticated the construction of
the diversity index, often the more obscure is its rela-
tionship to the decisions of farmers. In order to under-
stand farmer-managed units of diversity, variety names
were taken as a starting point. However, because variety
names are largely cultural artefacts and can mask redun-
dancy, most of the studies presented in the following
briefs cross-checked variety names with morphological
characteristics and genetic information in order to gen-
erate more comprehensive taxonomies (see Brief 14).

Analytical approaches
To analyze farmer decision-making and assess private
value to farmers, data were collected through cross-
sectional surveys of farm households across villages in
subnational regions. Analytical approaches were
adapted from agricultural economics, environmental
economics, and institutional economics, which
together portray the relationships among: 1) the
determinants of crop diversity levels on farms; 2) the
value of specific crop varieties and their attributes to
farmers; and 3) predicted changes caused by contextu-
al factors such as new economic policies, rural devel-
opment programs, seed interventions, market develop-
ment, and other institutions.

Many of the authors of the case studies base their
analyses of determinants of diversity on a household
model of on-farm diversity (Van Dusen 2000). This
approach is suitable for analyzing the decisions of 
subsistence-oriented farmers in economies where mar-
kets are unreliable. The household is portrayed as a
producer of agricultural goods and services either for
home consumption or sale, which is subject to resource
and market constraints. The dependent variables in
the models are the diversity metrics, and explanatory
variables are defined by a combination of micro-
economic theory, principles of population genetics,
and ecology.

The crux of the approach is the magnitude of the
costs of transacting in markets, which depend on the

unique characteristics of each household, such as its
composition, education and experience levels, and
wealth. When transaction costs are so high that house-
holds do not participate in markets, consumption deci-
sions cannot be separated from production choices.
That is, household and market characteristics, in addi-
tion to farm physical characteristics, will drive variety
choices and, as a consequence, crop diversity levels on
farms. An extension of this approach by Edmeades et
al. (2003) incorporates traits as well as the characteris-
tics mentioned above. Using this approach, the authors
demonstrate that both the consumption and produc-
tion attributes of banana planting material influence
the richness of banana varieties maintained by
Ugandan farmers (see Edmeades et al., Brief 14).

These models relate farmer choices to factors repre-
senting economic and social change, and can be used
to predict those households or villages most likely to
continue to grow diverse crops and varieties. Although
they cannot provide monetary estimates of value, they
can be used to identify varieties with high private
value. Such information is useful for designing least-
cost conservation programs.

Stated preference approaches provide monetary
estimates of the value of genetic resources based on
hypothetical scenarios—the “how much” rather than
the “who” or “where.” They enable us to value goods
that do not have prices. Two recent advances in envi-
ronmental valuation are the choice experiment (Brief
15, Birol et al.) and a contingent behavior approach
(Brief 15, Dyer). The first provides a monetary meas-
ure of the amount farmers would need to be compen-
sated for loss of landraces or other attributes of home
gardens in Hungary’s transitional economy. The sec-
ond approach is used to estimate the impact on maize
landrace cultivation of a hypothetical change in maize
price due to the North American Free Trade Agreement.

The choice experiment method provides four
pieces of policy-relevant information for crop genetic
resources: 1) which attributes are significant determi-
nants of the private value of the asset; 2) the relative
ranking of these attributes in terms of their importance;
3) the value of simultaneously changing more than
one of the attributes; and 4) an estimate of the total
economic value of the asset. The technique has several
distinct advantages over the contingent valuation
approach commonly used by environmental econo-
mists to value non-market goods. Nevertheless, it
shares the essential drawback of the household farm
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model: the need for intensive, primary data collection.
Moreover, any hypothetical approach has the obvious
weakness that it seeks to measure the consequences of
an event that has not transpired.

Institutions, ranging from local norms of access
and exchange to seed markets, national breeding pro-
grams, and international proprietary regimes for plant
genetic resources, are the purveyors of the public
goods embodied in seed. Institutional analysis is a
means of linking the decisions of individual farm
households to crop biodiversity observed at more

aggregated levels of analysis, such as the identification
of seed supply channels and actors. For example,
stakeholder analysis aims to identify key actors or
stakeholders of a system or a problem under examina-
tion. Mapping and stakeholder analysis situates house-
holds within the context that proscribes their behavior
and that they themselves can influence. In the context
of research on crop diversity, stakeholder analysis also
facilitates understanding of barriers in access to seed as
well as related information. The textual analysis pre-
sented by Bela et al. (Brief 17) illustrates the dis-
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Country
Income 
Group2 1

Farming
 system  Crop 

Crop 
reproduction
system 

 

Unit of
(level or scale)  

 

Diversity
concept 

Ethiopia Low mixed modern 
and traditional  

cereals (maize, 
wheat, barley, teff, 
finger millet, pearl 
millet, sorghum); 
coffee; wheat and 
maize, multiple crops 

range of self and 
crosspollinating
rates; vegetative 

household and plot; 
village;  
some regional
variables 

intracrop 
or 
intercrop 

Nepal Low focus on 
traditional 

rice highly self -
pollinating 

household and plot; 
breeding program 
some ecosite 

variables 

intracrop
 

Uganda Low mainly traditional highland banana vegetative household and plot; 
some village and
regional variables 

intracrop
 

Uzbekistan Low microecosystem; 
mixed modern 
and traditional 

fruit trees, grapes 
and nuts 

vegetative household and plot  
 

intracrop 
and

 

intercrop
 

India Low mixed modern 
and traditional 

sorghum, pearl 
millet, finger millet, 
other minor millets 

range of self- and 
cross-pollinating 
rates 

village;  
some household 
variables 
some district 
variables 

intercrop 
and/or

 

intercrop
 

Peru Lower 
middle 

mixed modern  
and traditional 

potato vegetative household; 
some regional 
variables 

intracrop
 

Hungary Upper 
middle 
 

microecosystem; 
mixed modern  
and traditional 

home gardens; maize 
and beans 

all systems household and plot;  
settlement;  
some regional 
variables 

intracrop 
and/or

 

intercrop
 

Mexico Upper 
middle 

milpa 
microecosystem 

maize only; maize  
beans and squash 

highly cross-
pollinating 

household and plot; 
some village and 
regional variables 

intracrop 
and

 

intercrop
 

Italy
 

High
 

mixed modern
and traditional 

durum wheat self-pollinating region intracrop 
 

1 All studies base the classification of varieties on farmer and/or breeder taxonomies. Diversity indices are spatial.
2 The World Bank (2004) defines GNI per capita as “the gross national income, converted to U.S. dollars using the World Bank

Atlas method, divided by the midyear population. Low-income economies had GNI per capita of $735 or less in 2002; mid-
dle-income economies had more than $735 but less than $9,076; lower-middle-income and upper-middle-income economies
are separated at $2,935; high-income economies had $9,076 or more.” 

Table 1— Dimensions of crop biodiversity



sonance of vocabularies and views that stakeholders
hold regarding genetic resources. Such analyses may
also contribute to the process of articulating strategies
to resolve conflicts and to the creation of more effec-
tive policies for on-farm conservation.

Series Structure
The following briefs are organized to highlight some of
the most important methodological aspects of current
work on valuing genetic resources on farms, and the
factors that influence the determinants of crop genetic
diversity. Brief 14 provides additional discussion on the
construction of crop taxonomies and models that incor-
porate crop attributes. Brief 15 outlines several studies
that identify the role of crop diversity in situations of
economic change, particularly those related to processes
of market integration. Brief 16 summarizes research
that deals particularly with the trade-offs between con-
servation and policy objectives, while Brief 17 describes
studies that focus on seed-related institutions and their
impact on the crop diversity that is available to farmers.
Finally, brief 18 provides a reprise of the variables that
serve as potential entry points for conservation-related
interventions or policy development.
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