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Abstract

Control over management of the world’s resources is increasingly contested
because of economic, political and biophysical globalization, and increasing
demands of a growing population of more than 6 billion. This has led to new
interest in indigenous or traditional knowledge in many areas, including
agriculture and plant breeding. Farmers were the first plant breeders, beginning
with domestication of plants over 12,000 years ago. Modern, scientific plant
breeding developed in the last two centuries, and has become increasingly
separated from farmers, especially in non-industrial regions. Plant breeding
systems consist not only of crop genotypes and growing environments, but also
of the social structures in which plant breeding is carried out, and the knowl-
edge of farmers and scientists. Because of the challenge to make plant breeding
and agriculture more environmentally, socially and economically sustainable,
there is increasing interest in reuniting farmer and scientific plant breeding.

Globalization, Indigenous and Scientific Knowledge, and
Plant Breeding

Population growth, environmental degradation and the integration of
physical, biological and sociocultural systems on a global scale, have
all increased dramatically in the last few centuries, and especially
in the last 50 years. With productive resources becoming scarcer and
more contested, attention has focused on the potential value of local
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knowledge and local systems of resource use and conservation as more
environmentally, economically and socially sustainable alternatives to
modern, industrial systems. This attention has increased dramatically
in recent years, especially since the Convention on Biological Diversity
(CBD) in 1992, which asserts the importance of indigenous or local
people’s knowledge for sustainable development, as well as the rights
of these people to this knowledge. As these ideas have achieved wider
acceptance, local and indigenous peoples have gained a voice for their
viewpoints in international fora (Fowler, 1994; Cleveland and Murray,
1997).

One of the greatest challenges for understanding the promise of
local knowledge and practice for helping to solve global problems will
be developing the required levels of communication, which will need
to be ‘broad and deep beyond precedent’, will need to take advantage of
global communication networks (Ostrom et al., 1999), and that renders
the search for a more balanced, indeed more scientific, treatment of
disparate knowledge systems inevitable (Nader, 1996: 6—7). Therefore,
at the centre of the debate about more sustainable alternatives to
conventional, modern agriculture are questions about the comparative
environmental sustainability of modern and traditionally based agri-
culture, about the degree of similarity between scientists’ and farmers’
knowledge, about who controls the representation of this knowledge,
and about what all of this means for the possibility of collaboration
between farmers and scientists (Diversity, 1998; Sillitoe, 1998; Dove,
2000).

A sign of the lack of information and of the political importance of
this topic is that there is a great deal of disagreement over terminology.
‘Indigenous knowledge’, ‘local knowledge’ and ‘traditional knowledge’
often have conflicting meanings, and these meanings differ among
researchers (Ellen and Harris, 2000). We use the terms ‘indigenous
knowledge’ (IK) and farmers’ knowledge (FK) to refer to the knowledge
of people who are not in the modern, global scientific system. We
understand that what is often referred to as IK is not ‘indigenous’ in the
more restricted sense of arising from only local sources (Cleveland and
Murray, 1997; Dove, 2000), but use the term in a general way to empha-
size the contrast of relatively more local IK with relatively more general
(at least in a geographical sense) modern, scientific knowledge (SK).

Disagreement over terminology has not prevented new efforts by
social and natural scientists to understand the potential contribution of
IK to sustainable development, and new efforts by local peoples and
their supporters to try to capture more of the power of SK to serve their
own goals.

Small-scale farmers whose well-being and way of life are threat-
ened by globalization, opportunistically make use of the possibilities
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offered by other aspects of globalization to improve their situation
(Cleveland, 1998), or simply to be able to remain farmers. Therefore,
local groups may define ‘indigenous’ or ‘traditional’ agriculture in
ways that include industrial agriculture technologies, in part because
this serves their larger goal of maintaining their physical and cultural
identity; they localize global SK. Local communities are increasingly
taking the initiative, or working with national and international non-
governmental organizations, to gain more control over the process of
improving IK (e.g. Millar et al., 2001). For example, Zuni indigenous
farmers have learned how to use global positioning system (GPS)
technology to map their family farm fields, and this became an
important force for resolving land disputes that have impeded the
revitalization of indigenous agriculture (Cleveland et al., 1995).

Scientists who perceive negative impacts on the natural environ-
ment and on society of the application of SK are also interested in
globalizing IK for increasing sustainability. Biological scientists have
supported this integration in agriculture, advocating ‘the development
of more ecologically designed agricultural systems that reintegrate
features of traditional agricultural knowledge and add new ecological
knowledge’ (Matson et al., 1997: 508). Interest in cataloguing IK in
terms of SK concepts to facilitate its use in more locally appropriate,
participatory development has reached the mainstream, though it is
often criticized for detaching IK from its local contexts and thus render-
ing it useless (Sillitoe, 1998). The status of IK as a complement to SK in
promoting more sustainable development is still far from certain, and it
is difficult to separate empirical evidence from its political contexts
(Ellen and Harris, 2000).

As a result, local farmers, project workers, agricultural scientists,
social scientists and development policy makers are increasingly
asking (implicitly and explicitly), ‘Is it possible for scientists and local
peoples to collaborate to reach common development goals?” Could
the answer be ‘No, this idea is just a politically correct fad, doomed to
failure because the social and biophysical environments, knowledge
and goals of the two groups are so different’? But what if they aren’t so
different? Perhaps we should first ask, ‘In what ways are scientists’
and farmers’ environments, knowledge and goals similar, as well as
different? What are the reasons for differences and similarities?’
Approached in this way the answer to questions about the possibility of
collaboration might not necessarily always be ‘No’. It might also be
‘Yes, scientists and local peoples can collaborate to reach common
development goals.” Then questions need to be asked about collabora-
tion. “‘What form would collaboration take? How would the relative
value of local and scientific knowledge be determined for a given
situation, and what methods could be used for integrating them? How
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would scientists and local people talk to each other? Would scientists
or local people be in charge?’

This book addresses these questions for the important case of plant
breeding. Different chapters deal with very different situations, and
focus on different components of the plant breeding system of farmers,
of plant breeders or of both. Most are written from the perspective of
plant breeders and/or social scientists, although some also take the
perspective (through the lens of outsiders) of farmers. The authors
of the chapters also have different methodological approaches and
theoretical orientations, and are working with data from different and,
to some extent, unique situations. Yet the authors of each chapter
reflect on their own knowledge and practice, and that of the farmers
and scientists they work with, have the plant breeding system as
a whole as a reference, and strive to make their methods and
assumptions explicit. The chapters provide valuable insights on the
importance of understanding the dynamics of farmer and scientist
knowledge in assessing the possibilities for collaboration.

We asked the authors to describe the way in which working with
farmers, their crop varieties and growing environments has led them to
reinterpretations of conventional plant breeding or social theory and
to new insights, methods and practices, and to be as explicit as possible
about their understanding of farmers’ and scientists’ knowledge and
practice. These requests made of the authors reflect an important
assumption on which this book is based: through rigorous empirical
research, theory building, self-reflection and cross disciplinary com-
munication, we can gain greater understanding of the details of, and
causes for, both general patterns and unique situations, both similari-
ties and differences between farmers and scientific plant breeders, and
thus of the possibilities for collaboration between them.

In the remainder of this introduction we discuss the separation
between farmer and scientist plant breeding, a broad definition of
the plant breeding system, and the current move to bring farmers and
scientists more closely together in plant breeding.

The Development of Plant Breeding and the Separation of
Farmers and Scientists

Since the first domestications of wild plants about 12,000 years ago,
farmer plant breeders have been responsible for the development
of thousands of crop varieties in hundreds of species (Harlan, 1992).
Plant breeding as a specialized activity began about 200 years ago
in industrial countries (Simmonds, 1979). Modern professional plant
breeding developed in the early part of the 20th century based on
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Darwin’s theory of evolution through selection and the genetic mecha-
nisms of evolution, together with the basic mechanisms of inheritance
and expression of the phenotype (via genotype X environment inter-
action, GxE) discovered by Mendel in 1865 and rediscovered
and elaborated by others in the first decades of the 20th century
(Simmonds, 1979; Allard, 1999; Duvick, Chapter 8, this volume). For
example, Johannsen demonstrated that quantitative traits followed the
same principles of inheritance that Mendel demonstrated for qualita-
tive traits; Nilsson-Ehle and East showed that many different genes
could affect one character; Turesson found that different genotypes of a
species are adapted to a specific range of environmental variables; and
Fisher and associates demonstrated that the inheritance of quantitative
characters could be analysed statistically (Hill et al., 1998; Allard,
1999).

The crop varieties developed by plant breeders and farmers are
often considered to be contrasting, although this is a simplification to
which there are exceptions (Evans, 1993; Frankel et al., 1995; Fischer,
1996). The emphasis of most scientific, professional plant breeders
(hereafter simply ‘plant breeders’) has typically been on developing a
relatively small number of genetically more uniform modern varieties
(MVs), adapted to geographically wide, optimal (relatively low stress
and uniform) growing environments, with high yield and yield stability
in these environments. Farmers’ varieties (FVs) are characterized by
narrow geographical adaptation to marginal (relatively high stress
and variable) growing environments, and high yield stability in those
environments from year to year. We use the term FVs here to include
landraces, traditional varieties selected by farmers, MVs adapted to
farmers’ environments by farmer and natural selection, and progeny
from crosses between landraces and MVs (sometimes referred to as
‘creolized’ varieties or ‘degenerate’ MVs).

Plant breeding by scientists has become increasingly separated
from plant breeding by farmers (Simmonds, 1979), as have seed supply
systems (Cromwell et al., 1993). Schneider documents the process of
decreasing collaboration between wheat farmers and wheat breeders in
Switzerland, and suggests political, institutional and technological rea-
sons for this change (Schneider, Chapter 7, this volume). The distance
between scientific and farmer plant breeding is especially great in the
case of small-scale farmers planting in marginal growing environments
with limited access to external inputs, as documented by many of the
chapters in this book. In some industrial societies communication
between conventional commercial farmers and plant breeders is still
important, for example between large-scale maize farmers in the central
United States and commercial maize breeders (Duvick, Chapter 8, this
volume).
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The Plant Breeding System

The process of formal plant breeding begins with the initial decision
about breeding goals and plans, and concludes with the release of a
new variety and its subsequent dissemination to farmers (Weltzien
et al., 2000). In between are four basic steps: (i) creation of a large
amount of genetic diversity through choosing parent germplasm,
hybridization (crossing) and recombination in filial generations; (ii)
selection of individual plants and populations initially in a limited
range of selection environments; (iii) evaluation of the ‘best’ popula-
tions resulting from selection across a wider range of test environments;
and (iv) the choice of varieties for release in the target environments
on the basis of their potential to out-perform (out-yield) the existing
varieties (Simmonds, 1979; Stoskopf et al., 1993).

Selection vs. choice

To understand plant breeding systems it is important to differentiate
between choice of populations or varieties, which does not change
the genetic make-up of these units, and the selection of plants from
within populations or varieties, with the potential to change the genetic
make-up of these units, and result in new varieties (Cleveland et al.,
2000). While this distinction is commonly made in the participatory
plant breeding literature (e.g. Witcombe et al., 1996), the terms ‘choice’
and ‘selection’ are often not explicitly defined, and may sometimes be
used interchangeably.

The choice of germplasm (populations and varieties) determines
the genetic diversity available within a crop, both as a basis for
selection (by farmers and breeders), and for production (by farmers).
Farmers and plant breeders make choices between varieties and
populations, especially (for plant breeders) in the initial stages of the
selection process when choosing germplasm for making crosses, and in
the final stages when choosing among populations/varieties generated
from those crosses for further testing (Hallauer and Miranda, 1988),
planting (farmers) or release (plant breeders). Farmers’ choices when
saving seed for planting, in seed procurement and in allocating differ-
ent varieties to different growing environments also affect the genetic
diversity of their repertoires of crops and crop varieties, and determine
the diversity on which future selection will be based.

Artificial selection of plants by farmers and breeders within segre-
gating plant populations can change the genetic make-up of the popula-
tion and lead to the development of new varieties. Artificial selection is
both indirect, a result of the environments created in farmers’ and plant
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breeders’ fields and store rooms, and direct, a result of human selection
of planting material. Direct artificial selection can be both conscious
(based on explicit criteria), the result of decisions to select for certain
traits, and unconscious (based on implicit criteria), when no conscious
decision is made about the trait selected for, as when large seeds are
automatically selected because they are easier to handle (Harlan, 1992).
There is some confusion over terms in the literature; indirect artificial
selection is sometimes defined as ‘natural’ selection (Simmonds, 1979:
14—15), as the same as conscious selection (Allard, 1999: 19, 26), or as
entirely ‘unconscious’ selection (Poehlman and Sleper, 1995: 9).

Broadening the definition of plant breeding

While the standard definition of plant breeding emphasizes its bio-
logical aspects, it is obvious that the human element is critical, and
needs to be explicitly addressed when collaboration between scientists
and farmers is a goal. Therefore, the plant breeding system (Fig. 1.1) can
be more broadly defined to include not only

e the biophysical components of crop populations and growing
environments; and
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e the practice of choice and selection between and within crop
populations;

but also

e the social and institutional components (communities of farmers
and plant breeders, including social structure, economic and power
relations, behaviours and oral/written expressions of knowledge);

¢ the knowledge of individual farmers and plant breeders about their
crop populations and growing environments (both conscious and
unconscious, including intuition, values, empirical data, theory);
and

e epistemology, the way knowledge is acquired through the process-
ing of physical stimuli from the outside (affected by sensory
perception, brain structure and function, language, technology,
practice and pre-existing knowledge).

The chapters in this book consider the plant breeding system in this
broad perspective, though each chapter focuses on a limited portion
of it.

The biological basis of plant breeding

The elementary biological model on which plant breeding is based, and
as presented in the standard textbooks, is universally accepted among
plant breeders (e.g. Simmonds, 1979; Falconer and Mackay, 1996).
First, variation in population phenotype (Vp) on which choice and
selection are based is determined by genetic variation (Vg), environ-
mental variation (Vg), and variation in genotype x environment (G x E)
interaction (Vg «g), thus Vp = Vg + Vi + Vi .. Broad sense heritability
(H) is the proportion of Vp due to genetic variance (Vg/Vp), while
narrow sense heritability (h?) is the proportion of Vp due to additive
genetic variance (Va/Vp), that is, the proportion of Vg directly trans-
missible from parents to progeny, and therefore of primary interest to
breeders.

Second, response to selection (R) is the difference for the traits
measured between the mean of the whole population from which the
parents were selected and the mean of the next generation that is
produced by planting those selected seeds under the same conditions.
R is the product of two different factors, h? and S (R = h2S), where S
is the selection differential, the difference between the mean of the
selected group and the mean of whole original population selected
from. Expression of S in standard deviation units (the standardized
selection differential; Falconer and Mackay, 1996) permits comparison



Introduction: Farmers, Scientists and Plant Breeding 9

of selections among populations with different amounts or types of
variation. The results of selecting for a given trait improve as the
proportion of Vp contributed by V¢ (especially V) increases.

The biological relationships described in these simple equations
underlie plant breeders’ understanding of even the most complex
phenomena that they encounter (Cooper and Hammer, 1996; DeLacy
et al., 1996). For example, two highly respected English-language plant
breeding texts state that the relationship between genotype and pheno-
type is ‘perhaps the most basic concept of genetics and plant breeding’
(Allard, 1999: 48), and of R = h?2S, that ‘If there were such a thing as a
fundamental equation in plant breeding this would be it’ (Simmonds,
1979: 100).

The social and individual bases of plant breeding

Much of the current discussion about the nature of knowledge is
polarized between objectivist and constructivist camps (e.g. Hull, 1988;
Harding, 1998). The assumption at the constructivist end of the spec-
trum is that knowledge is dominated by social forces, including power
relationships, and is historically and culturally particular; that is, the
process that mediates the acquisition of knowledge (epistemology)
is dominated by pre-existing knowledge, including values, acquired
through participation in a particular institutional or social setting,
often mediated by the social control of technology and information.
The assumption at the objectivist end of the spectrum is that more and
more universal and accurate knowledge of biophysical reality is a valid
goal; that is, epistemology is dominated by scientific methods capable
of discriminating and eliminating social influences and of ascertaining
the true nature of the world outside the individual mind.

In an objectivist approach to plant breeding, science is often
seen as increasing the amount and accuracy of objective knowledge
about plants and their environments solely through testing of theory-
based hypotheses, and applying this knowledge to produce new, more
desirable crop varieties. Plant breeders consider themselves to be
‘applied evolutionists’ (Simmonds, 1979: 27; Allard, 1999: 49) and
textbooks document the progressive, science-based development of the
profession, which increasingly differentiates their SK from the IK of
farmers.

In a constructivist approach, the development, application and
results of plant breeding science, including the kinds of crop varieties
developed, are often seen to be primarily the result of macro political
or economic variables, foremost among them industrial modernism.
This is the approach of most social scientists who research or discuss
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plant breeding. From this viewpoint, the SK of plant breeding
unobjectively adopts the values of modernism, yet is imperialistic in its
claims to universality, and focused on transforming the climate and
environment to fit a predetermined ‘ideal plant type’, in contrast to IK,
which is seen as much more complete and sophisticated in terms of
objective reality (e.g. Scott, 1998).

From the viewpoint of the more extreme positions that dominate
the ‘science’ wars (Gould, 2000), IK and SK sometimes seem to be
mutually exclusive, providing no rationale or capacity for collaboration
between them. However, the real challenge lies not in promoting ideo-
logically based conclusions about IK and SK, but in understanding the
complexities that determine knowledge and practice in general, and in
a particular situation, in order to support change in a socially desirable
direction. (Of course, determining what is socially desirable is itself
part of the problem.) It demands, to the extent possible, separating
conclusions based on values, for example that local communities
should have control over their FVs, from conclusions that can be
tested by empirical research, for example that local communities are
conserving crop genetic diversity.

As an alternative to objectivist and constructivist views, a ‘holistic’
model of knowledge assumes that both farmer and scientist knowledge
of plant breeding are the result of objective observations of reality
and social construction, and both may be composed of empirical data,
theory and values (Fig. 1.1; see also Soleri et al., Chapter 2, this
volume). This approach is being discussed more and more as an alter-
native to dichotomous, essentializing definitions of indigenous and
scientific knowledge in the social sciences (Bernard, 1998; Schweizer,
1998) and in social studies of science (e.g. Hull, 1988; Harding, 1998;
Gould, 2000). Plant breeders may also recognize that their theoretical
understanding of plants is limited by the lack of required experimental
data, and of the technologies and resources necessary to gather them
(Simmonds, 1979; Anderson and Hazell, 1989; Duvick, Chapter 8, this
volume), although they do not often consider the extent to which their
knowledge may be socially constructed.

The Move to Reunite Farmer and Scientific Plant Breeding

Participatory plant breeding (PPB) proposes to reverse the historical
trend of separation between farmers and plant breeders, bringing them
together in the process of developing new crop varieties or improving
existing ones. In some ways it is a relatively new approach to crop
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improvement. While PPB is only a very small part of plant breeding as a
whole, it has become a popular component of international agricultural
development during the last several years, and the main focus of
several global-level international development initiatives (Eyzaguirre
and Iwanaga, 1996; Witcombe et al., 1996; McGuire et al., 1999),
including the Community Biodiversity Development and Conservation
programme (CLADES et al., 1994; http://www.cbdcprogram.org/frame.
htm) and the PPB component of the CGIAR’s System Wide Programme
on Participatory Research and Gender Analysis (SWP PRGA) (CGIAR,
1997; http://www.prgaprogram.org/).

Interest in PPB comes from a convergence of the movement
towards sustainable agriculture in professional plant breeding, genetic
resources conservation and traditionally based agriculture (Cleveland
et al., 1994), and towards participatory research and development
(Friis-Hansen and Sthapit, 2000). Frossard (Chapter 6, this volume)
describes one of the most prominent examples of farmer-initiated PPB
in his chapter on MASIPAG in the Philippines. Several chapters in this
book are by plant breeders who describe the motivation for beginning
to work with farmers in Syria (Ceccarelli and Grando, Chapter 12),
Nepal (Joshi et al., Chapter 10), Cuba (Rios Labrada et al., Chapter 9)
and Zimbabwe (Bédnziger and de Meyer, Chapter 11).

Increasing environmental sustainability

Agriculture and plant breeding, like most human activities, are facing
unprecedented challenges at both local and global levels. It is widely
agreed that human impact on the Earth’s ecosystems threatens the
current patterns of biological and sociocultural diversity, and this has
focused attention on achieving more sustainable human—environment
interaction (Vitousek et al., 1997), including agriculture (Matson et al.,
1997). At the same time, the demand for food is increasing, while past
approaches to increasing food production are often considered to be
inadequate (Evans, 1997; Mann, 1999).

Modern, professional plant breeding (in concert with agronomy)
has been extremely successful in meeting increasing demands from a
growing human population (Evans, 1993, 1998). However, the benefits
of modern plant breeding have not reached many of the limited-
resource farming communities that characterize much of the develop-
ing world, as documented in many of the chapters of this volume
(see McGuire, Chapter 5; Frossard, Chapter 6; Zimmerer, Chapter 4).
For example, only about 40% of low-input maize production in the
developing world is planted to MVs (Heisey and Edmeades, 1999). The
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reasons for the failure of modern plant breeding to benefit many
farmers include the conventional belief that improving productivity
of higher input systems is a more effective way to increase food produc-
tion and people’s well-being than is attention to farmers in marginal
environments (Heisey and Edmeades, 1999), or perhaps a failure to
understand marginal environments and the farmers who make a living
there (Ceccarelli et al., 1994; Bénziger and de Meyer, Chapter 11;
Ceccarelli and Grando, Chapter 12; Joshi et al., Chapter 10, this
volume). Modern, industrial agriculture also faces the challenge of
developing varieties that are adapted to growing environments with
fewer external inputs, including artificial fertilizers and pesticides,
and irrigation (Duvick, 1992). Cuba’s response to forced and dramatic
reductions of agricultural inputs in 1989 (Rios Labrada et al., Chapter 9,
this volume) is seen by many as an example of what other industrial
agricultural systems will face in the future.

At the same time, the success of modern agriculture has threatened
the genetic base on which both modern and traditional agriculture
depend, the replacement of many FVs with fewer MVs, and the
movement of many farmers in marginal environments out of farming.
The FVs grown by farmers contain rich but largely unknown genetic
resources that will be essential for developing more sustainable crop
varieties of both MVs and FVs (Qualset et al., 1997; Brown, 1999) and,
just as importantly, may be critical for even modest FV success in many
extant traditionally based systems (Soleri and Smith, 1995).

For all of these reasons, there has been increasing awareness among
plant breeders of the need to:

e increase yields and yield stability in marginal environments, both
(i) those that have been high-yielding, but where inputs are being
reduced to reduce production costs and negative environmental
impacts; and (ii) those of many of the world’s farmers who have not
adopted MVs, but whose FVs have inadequate yields;

e conserve the base of genetic diversity on which all plant breeding
depends, and which is threatened by the loss of FVs as the area
planted to FVs and the number of farmers growing them declines
(Fischer, 1996; Qualset et al., 1997; Heisey and Edmeades, 1999).

From the perspective of an increasing number of scientists, plant
breeding with farmers is a way to both increase yields and other
desirable production components in marginal environments, while
at the same time supporting in situ conservation of crop genetic
diversity (Witcombe et al., 1996; Qualset et al., 1997; Brown, 1999;
Weltzien et al., 2000; Ceccarelli and Grando, Chapter 12; Joshi et al.,
Chapter 10; Rios Labrada et al., Chapter 9; Smale, Chapter 3, this
volume).
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Increasing social and economic sustainability

As with other areas of development, a major incentive for scientists to
work with farmers has been the value of IK for increasing environmen-
tal sustainability. However, recognition of the claims by indigenous
peoples of rights to natural resources, to manage their own develop-
ment, and to their IK, implies the need to increase the social and
economic sustainability of agriculture as well (Cleveland and Murray,
1997). Several chapters in this book demonstrate the importance for
plant breeding of understanding the knowledge and practice of farmers,
and the social and political systems within which they are embedded
(Chapters 2, 4, 5, 6, 7, 9, this volume).

An important method for achieving this has been ‘participatory’
research and development although, deciding what ‘participation’
means in terms of valuing IK, of recognition of rights in IK, and who is
to be in control of development has been contentious. Since PPB is still
relatively new, there is a wide range of understandings of what it
entails, and a wide range of activities in PPB projects (Friis-Hansen and
Sthapit, 2000).

Much of PPB to date has emphasized the participation of farmers in
plant breeders’ work. An important reason for this is that most of this
work has been initiated by ‘foresighted individuals working at other-
wise conventional research stations’ with objectives therefore focused
on developing new products rather than on the process of farmer plant
breeding (Friis-Hansen and Sthapit, 2000: 19). Another major reason
for not using farmers’ plant breeding experience and theory more
extensively in PPB may be that very little is known about them by
outsiders, either in farmers’ own terms, or in terms of the theory of
scientific plant breeding (Brown, 1999; Cleveland et al., 2000). Other
ways of characterizing participation in plant breeding include a widely
used quantitative taxonomy based on the amount of effort borne by
farmers (Biggs, 1989; see Joshi et al., Chapter 10; and Soleri et al.,
Chapter 2, this volume, for more discussion).

Comparing the economic sustainability of PPB with more con-
ventional approaches can be complex and requires evaluation of the
‘participatory’ aspect as well as, but separate from, other substantial
deviations from the conventional model such as decentralization
(Ceccarelli et al., 2000). Rios Labrada et al. (Chapter 9, this volume)
include a basic economic comparison of some aspects of two plant
breeding methods in Cuba. Benefit/cost analyses of PPB and other
types of plant breeding may yield very different results, and will be an
important contribution to understanding the basis of PPB, but this area
of research is just beginning to be explored (Simmonds, 1990; Heisey
et al., 1997). Smale’s chapter in this volume (Chapter 3) is the first
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attempt by an economist, based on her very extensive empirical and
theoretical work with both farmers and plant breeders, to lay out a
framework for the economic research in this area.

We have suggested collaborative plant breeding (CPB) as an alter-
native to PPB to emphasize two points that we believe to be critical for
the intercultural (farmers and scientists) and interdisciplinary (social
and biophysical sciences) nature of collaboration between farmers and
plant breeders (Cleveland and Soleri, 1997).

1. The knowledge and practice of both farmers and breeders are
important, neither should be assumed to be ‘better’ a priori; their
relative merits in terms of contribution to CPB need to be empirically
assessed in each situation. At a more fundamental level, successful
collaboration requires mutual respect that is based on an understand-
ing of differences and similarities.

2. DPositive biological and social results in CPB are not necessarily
correlated with the amount of physical effort invested by farmers. For
example, introgression of alleles conferring disease tolerance into FVs
may require very little if any physical work on the part of farmers, yet
have major benefits for them.

The term PPB, however, is still used by most, and some may prefer
it to CPB because ‘collaboration’ suggests to them an emphasis on
social as opposed to biological goals. There are also other terms that
overlap to a greater or lesser extent with CPB, such as ‘decentralized
breeding’, ‘farmer crop improvement’, ‘joint breedership’ and these
are used for the most part interchangeably (Weltzien et al., 2000: 7),
including in most chapters of this book. However, some authors and
practitioners imply specific meanings with their use of terms (see Joshi
et al., Chapter 10 and Soleri et al., Chapter 2, this volume, for exam-
ples). Clearly the actual terminology is in many cases irrelevant, but
the assumptions that have become associated with terms do require
examination. We believe that the use and discussion of different terms
is an important part of the process of clarifying what ‘collaboration’ or
‘participation’ means, and what they imply in terms of goals.

Conclusion

Successfully meeting the challenges for environmental, social and
economic sustainability of food production that we face in a globalized
21st century will undoubtedly require new strategies. Based on past
experience it seems likely that an important component of these will be
new understandings of diverse perspectives and identification and pur-
suit of shared goals. Increased collaboration between scientific plant
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breeders and farmers could be vital for achieving those understandings
and realizing those goals. However, this may require rethinking past
approaches, and more work on the theoretical basis, practical implica-
tions and potential contributions of collaboration. An essential ingredi-
ent, we believe, will be greater understanding of the knowledge and
practice of both farmers and plant breeders, and of the differences and
similarities between them. This book is a contribution to that end.

Acknowledgements

We thank the farmers and scientists in Syria, Cuba, Nepal and
especially in Oaxaca, Mexico, whose knowledge and practices helped
us to start to recognize and focus on these issues, and continues to do
so; Eva Weltzien R. and Catherine Longley for comments on a draft of
this chapter; and the National Science Foundation (SES-9977996) for
financial support for our research with plant breeders and farmers in
Syria, Cuba and Nepal that serves as the background for this chapter.
Any inaccuracies or misunderstandings are the sole responsibility of
the authors.

References

Allard, R.W. (1999) Principles of Plant Breeding, 2nd edn. John Wiley & Sons,
New York.

Anderson, J.R. and Hazell, P.B.R. (eds) (1989) Variability in Grain Yields:
Implications for Agricultural Research and Policy in Developing Countries.
Johns Hopkins University Press, Baltimore, Maryland.

Bernard, H.R. (1998) Introduction: on method and methods in anthropology.
In: Bernard, H.R. (ed.) Handbook of Methods in Cultural Anthropology.
Altamira Press, Walnut Creek, California, pp. 9-36.

Brown, A.H.D. (1999) The genetic structure of crop landraces and the challenge
to conserve them in situ on farms. In: Brush, S.B. (ed.) Genes in the Field:
On-Farm Conservation of Crop Diversity. Lewis Publishers, Boca Raton,
Florida; IPGRI, Rome; IDRC, Ottawa, pp. 29-48.

Ceccarelli, S., Erskine, W., Hamblin, J. and Grando, S. (1994) Genotype by envi-
ronment interaction and international breeding programmes. Experimental
Agriculture 30, 177-187.

Ceccarelli, S., Grando, S., Tutwiler, R., Bahar, J., Martini, A.M., Salahieh, H.,
Goodchild, A. and Michael, M. (2000) A methodological study on partici-
patory barley breeding. I. Selection phase. Euphytica 111, 91-104.

CGIAR (1997) New Frontiers in Participatory Research and Gender Analysis:
Proceedings of the International Seminar on Participatory Research
and Gender Analysis for Technology Development. CGIAR SWP, Cali,
Colombia.



16 D.A. Cleveland and D. Soleri

CLADES, COMMUTECH, CPRO-DLO, GRAIN, NORAGRIC, PGRC/E, RAFI and
SEARICE (1994) Community Biodiversity Development and Conservation
Programme. Centre for Genetic Resources, Wageningen, The Netherlands;
and Centro de Education y Tecnologia, Santiago, Chile (Proposal to DGIS,
IDRC and SIDA for Implementation Phase I — 1994—-1997).

Cleveland, D.A. (1998) Balancing on a planet: toward an agricultural anthro-
pology for the 21st century. Human Ecology 26, 323—-340.

Cleveland, D.A. and Murray, S.C. (1997) The world’s crop genetic resources
and the rights of indigenous farmers. Current Anthropology 38, 477-515.

Cleveland, D.A. and Soleri, D. (1997) Posting to the Farmer-breeding list serve
<farmer-breeding-l-postmaster@cgnet.com> sponsored by the CGIAR’s
Systemwide Program on Participatory Research and Gender Analysis,
http://www.prgaprogram.org/prga/, 27 September 1997.

Cleveland, D.A., Soleri, D. and Smith, S.E. (1994) Do folk crop varieties have a
role in sustainable agriculture? BioScience 44, 740-751.

Cleveland, D.A., Bowannie, F.]J., Eriacho, D., Laahty, A. and Perramond, E.P.
(1995) Zuni farming and United States government policy: the politics of
cultural and biological diversity. Agriculture and Human Values 12, 2—18.

Cleveland, D.A., Soleri, D. and Smith, S.E. (2000) A biological framework for
understanding farmers’ plant breeding. Economic Botany 54, 377—394.

Cooper, M. and Hammer, G.L. (1996) Synthesis of strategies for crop improve-
ment. In: Cooper, M. and Hammer, G.L. (eds) Plant Adaptation and Crop
Improvement. CAB International in association with IRRI and ICRISAT,
Wallingford, UK, pp. 591-623.

Cromwell, E., Wiggins, S. and Wentzel, S. (1993) Sowing Beyond the State.
Overseas Development Institute, London.

DeLacy, L.H., Basford, K.E., Cooper, M. and Fox, P.N. (1996) Retrospective
analysis of historical data sets from multi-environment trials — theoretical
development. In: Cooper, M. and Hammer, G.L. (eds) Plant Adaptation
and Crop Improvement. CAB International in association with IRRI and
ICRISAT, Wallingford, UK, pp. 243-267.

Diversity (1998) Special issue on COP-4, CBD. Diversity 14(1&2), 6—-32 (N).

Dove, M.R. (2000) The life-cycle of indigenous knowledge, and the case of
natural rubber production. In: Ellen, R., Parkes, P. and Bicker, A. (eds)
Indigenous Environmental Knowledge and Its Transformations: Critical
Anthropological Perspectives. Harwood Academic Publishers, Amster-
dam, pp. 213-251.

Duvick, D.N. (1992) Genetic contributions to advances in yield of U.S. maize.
Maydica 37, 69-79.

Ellen, R. and Harris, H. (2000) Introduction. In: Ellen, R., Parkes, P. and Bicker,
A. (eds) Indigenous Environmental Knowledge and Its Transformations:
Critical Anthropological Perspectives. Harwood Academic Publishers,
Amsterdam, pp. 1-33.

Evans, L.T. (1993) Crop Evolution, Adaptation and Yield. Cambridge
University Press, Cambridge.

Evans, L.T. (1997) Adapting and improving crops: the endless task. Philosophi-
cal Transactions of the Royal Society of London: Biological Sciences 352,
901-906.



Introduction: Farmers, Scientists and Plant Breeding 17

Evans, L.T. (1998) Feeding the Ten Billion: Plants and Population Growth.
Cambridge University Press, Cambridge.

Eyzaguirre, P. and Iwanaga, M. (eds) (1996) Participatory Plant Breeding. Pro-
ceedings of a Workshop on Participatory Plant Breeding, 26-29 July 1995,
Wageningen, The Netherlands. International Plant Genetic Resources
Institute, Rome.

Falconer, D.S. and Mackay, T.F. (1996) Introduction to Quantitative Genetics.
Prentice Hall/Pearson Education, Edinburgh.

Fischer, K.S. (1996) Research approaches for variable rainfed systems —
thinking globally, acting locally. In: Cooper, M. and Hammer, G.L. (eds)
Plant Adaptation and Crop Improvement. CAB International in association
with IRRI and ICRISAT, Wallingford, UK, pp. 25-35.

Fowler, C. (1994) Unnatural Selection: Technology, Politics, and Plant Evolu-
tion. Gordon and Breach, Yverdon, Switzerland.

Frankel, O.H., Brown, A.H.D. and Burdon, J.J. (1995) The Conservation of Plant
Biodiversity. Cambridge University Press, Cambridge.

Friis-Hansen, E. and Sthapit, B. (2000) Concepts and rationale of participatory
approaches to conservation and use of plant genetic resources. In:
Friis-Hansen, E. and Sthapit, B. (eds) Participatory Approaches to the
Conservation and Use of Plant Genetic Resources. International Plant
Genetic Resources Institute, Rome, pp. 16-19.

Gould, S.J. (2000) Deconstructing the ‘science wars’ by reconstructing an old
mold. Science 287, 253-261.

Hallauer, A.R. and Miranda, ]J.B. (1988) Quantitative Genetics in Maize
Breeding, 2nd edn. Iowa State University, Ames, lowa.

Harding, S. (1998) Is Science Multicultural? Postcolonialisms, Feminisms, and
Epistemologies. Indiana University Press, Bloomington, Indiana.

Harlan, J.R. (1992) Crops and Man, 2nd edn. American Society of Agronomy,
and Crop Science Society of America, Madison, Wisconsin.

Heisey, P.W. and Edmeades, G.O. (1999) Part 1. Maize production in drought-
stressed environments: technical options and research resource allocation.
In: CIMMYT (ed.) World Maize Facts and Trends 1997/98. CIMMYT,
Mexico, DF, pp. 1-36.

Heisey, P.W., Smale, M., Byerlee, D. and Souza, E. (1997) Wheat rusts and the
costs of genetic diversity in the Punjab of Pakistan. American Journal of
Agricultural Economics 79, 726—737.

Hill, J., Becker, H.C. and Tigerstedt, P.M.A. (1998) Quantitative and Ecological
Aspects of Plant Breeding. Chapman and Hall, London.

Hull, D.L. (1988) Science as a Process: an Evolutionary Account of the Social
and Conceptual Development of Science. The University of Chicago Press,
Chicago.

Mann, C. (1999) Crop scientists seek a new revolution. Science 283, 310-314.

Matson, P.A., Parton, W.]., Power, A.G. and Swift, M.]J. (1997) Agricultural
intensification and ecosystem properties. Science 277, 504-509.

McGuire, S., Manicad, G. and Sperling, L. (1999) Technical and Institutional
Issues in Participatory Plant Breeding — Done from the Perspective of
Farmer Plant Breeding: a Global Analysis of Issues and of Current Experi-
ence. CGIAR Systemwide Program on Participatory Research and Gender



18 D.A. Cleveland and D. Soleri

Analysis for Technology Development and Institutional Innovation.
Working Document No. 2, March 1999, Cali, Colombia.

Millar, D., Haverkort, B., van ‘t Hooft, K. and Hiemstra, W. (2001) Challenging
developments: approaches, results and perspectives for endogenous
development. Compass Magazine 4, 4-7.

Nader, L. (1996) Anthropological inquiry into boundaries, power, and knowl-
edge. In: Nader, L. (ed.) Naked Science: Anthropological Inquiry into
Boundaries, Power and Knowledge. Routledge, New York, pp. 1-25.

Ostrom, E., Burger, J., Field, C.B., Norgaard, R.B. and Policansky, D. (1999)
Revisiting the commons: local lessons, global challenges. Science 284,
278-282.

Poehlman, J.M. and Sleper, D.A. (1995) Breeding Field Crops, 4th edn. Iowa
State University Press, Ames, Iowa.

Qualset, C.0., Damania, A.B., Zanatta, A.C.A. and Brush, S.B. (1997) Locally
based crop plant conservation. In: Maxted, N., Ford-Lloyd, B. and Hawkes,
J.G. (eds) Plant Genetic Conservation: the In Situ Approach. Chapman &
Hall, Hants, UK, pp. 160-175.

Schweizer, T. (1998) Epistemology: the nature and validation of anthropologi-
cal knowledge. In: Bernard, H.R. (ed.) Handbook of Methods in Cultural
Anthropology. Altamira Press, Walnut Creek, California, pp. 39-87.

Scott, J.C. (1998) Seeing Like a State: How Certain Schemes to Improve
the Human Condition Have Failed. Yale University Press, New Haven,
Connecticut.

Sillitoe, P. (1998) The development of indigenous knowledge: a new applied
anthropology. Current Anthropology 39, 223-252.

Simmonds, N.W. (1979) Principles of Crop Improvement. Longman Group,
London.

Simmonds, N.W. (1990) The social context of plant breeding. Plant Breeding
Abstracts 60, 337—-341.

Soleri, D. and Smith, S.E. (1995) Morphological and phenological comparisons
of two Hopi maize varieties conserved in situ and ex situ. Economic
Botany 49, 56-77.

Stoskopf, N.C., Tomes, D.T. and Christie, B.R. (1993) Plant Breeding Theory
and Practice. Westview Press, Boulder, Colorado.

Vitousek, P.M., Mooney, H.A., Lubchenco, J. and Melillo, ].M. (1997) Human
domination of Earth’s ecosystems. Science 277, 494—499.

Weltzien, E., Smith, M.E., Meitzner, L.S. and Sperling, L. (2000) Technical and
Institutional Issues in Participatory Plant Breeding — From the Perspective
of Formal Plant Breeding. A Global Analysis of Issues, Results, and Current
Experience. Working Document No. 3. CGIAR Systemwide Program on
Participatory Research and Gender Analysis for Technology Development
and Institutional Innovation, Cali, Colombia.

Witcombe, J.R., Joshi, A., Joshi, K.D. and Sthapit, B.R. (1996) Farmer participa-
tory crop improvement. I. Varietal selection and breeding methods and
their impact on biodiversity. Experimental Agriculture 32, 445—460.





