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Preface

It is increasingly recognized that indigenous knowledge (IK), which has featured centrally in the
management of natural resources for millennia, should play a significant part in programmes that
seek to increase land productivity, food security and environmental conservation. This is evident in
the relatively new ‘bio-cultural’ approach to environmental stewardship, which underlines the con-
nection between biological and cultural diversity. It acknowledges that indigenous knowledge and
management of natural environments — the soils, plants and animals — feature significantly in what
we see today. They should consequently figure in any thorough understanding, particularly if we
envisage intervening in any way, as widely recognized, from the United Nations with its concerns for
global governance to local bodies with interests in regional landscapes. Yet IK remains largely a
‘known unknown’ for many in the natural resources sector.

This book seeks to clarify what IK amounts to as seen in current cutting-edge research and to
further understanding of its possible contribution to natural resources management. It is intended
especially for those who may be unaware of its potential in addressing such current pressing issues
as coping with ever more rapid change and ensuring global food supply with growing populations,
and reversing environmental degradation and promoting sustainable practices. While the agricul-
tural science community is already aware of IK — where, in my experience, many are frequently
interested in, and willing to learn from, local farming arrangements — there is scope for an update
and a need to inform those who are less aware of the approach. Indeed I accepted the invitation from
CABI (Centre for Agriculture and Biosciences International) to edit this volume because it offers an
opportunity to get the IK perspective even more widely known among agricultural scientists. CABI is
a widely recognized and respected organization publishing extensively for over a century on tech-
nical aspects of natural resources management as part of its mission to improve ‘people’s lives world-
wide by providing information and applying scientific expertise ... to find practical solutions to the
most pressing problems in agriculture and the environment'’.! It was a particularly welcome invita-
tion in view of my recent somewhat pessimistic assessment of the state of IK research (Sillitoe,
2015).

In short, this volume seeks to advance understanding of IK in the context of management of
natural resources: to promote it as a ‘known known’. It addresses some key themes through case
studies from bioculturally diverse regions of the world. The book links theory and practice in provid-
ing a state-of-play overview of the conceptual issues surrounding IK enquiries in the context of their
contributions to sustainable agriculture and environmental conservation. In drawing together some
of the various strands of biocultural diversity research into natural resources management, it also
outlines a possible agenda to guide future work.
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When I sat down to draft this preface, which involved organizing the book’s contents page, I
realized that this collection of chapters — contributed by some of the leading thinkers in the field of
IK as it applies to the management of natural resources — represents the frequently overlooked, yet
fundamental, complexity that characterizes such knowledge itself. The contents of the chapters con-
nect with one another in several ways, similar to the complicated networks that characterize any
local body of IK that feature varying concepts and categories. I shuffled the contents deck several
times according to regions and various themes, and what I have come up with represents only one
way in which the contents of this volume could be organized, which arranges the chapters according
to four broad themes: change and dynamism; diffusion and extension; conservation and sustainabil-
ity; and all-pervasive complexity.

In my opening chapter, I outline the content of the field of IK research, which goes under a
plethora of sometimes disputed labels — such as local or traditional knowledge, indigenous environ-
mental knowledge, local or traditional ecological knowledge and citizen science, among others. In
contrasting indigenous with scientific knowledge, I draw parallels between them and point out how
they may complement one another, while acknowledging the complexity of relations between them,
notably with respect to variations between and within them. The project ‘Understanding Predation’
conducted by Scotland’s Moorland Forum, which, at the time of writing, is looking at predation on
the Scottish moorlands, serves to illustrate some of the issues surrounding collaboration between
local land users and natural scientists, and efforts to accommodate their differing understandings
and values.

The change and dynamism section starts with Victoria Reyes-Garcia and colleagues, who con-
sider how people are responding dynamically to contemporary rapid social and environmental
change in the Congo and Amazon Basin regions. They discuss how the Baka and the Tsimane’
peoples of the Congo and Amazon, respectively, have recently adopted and adapted agricultural
practices. The Baka have incorporated subsistence farming into their traditional foraging livelihood
regime and the Tsimane’ have moved from subsistence-based to commercial agriculture, albeit local
farming knowledge remains more widespread and evenly distributed than newly introduced farm-
ing knowledge. The authors argue that IK systems undergo constant change, featuring complex gain
and loss of information, with reproduction and hybridization, innovation and erosion of specific
components of the knowledge systems. They point out that attempts to use such local knowledge to
advance sustainable agriculture need to consider that some associated practices may be exogenous
and not time-honoured and tested.

In the next chapter, Roy Ellen stresses how IK systems are dynamic and not static, as often ass-
umed. He uses his several decades of work with the Nuaulu people, who live on the Indonesian island
of Seram, to illustrate how knowledge alters constantly in response to changing conditions and
events. Mindful of the forest having ecological and cultural dimensions for people, he demonstrates
how local forest knowledge features a ‘process of continual engagement’, which he illustrates in re-
spect of galip nut trees, rattan climbing palms and firewood timber. He relates this engagement per-
spective to transformations in the islanders’ material and social lives.

A concern to document and strengthen the intergenerational transmission of IK prompts Cit-
lalli Binnqtiist and Rosalinda Ledesma to consider the dynamism of local knowledge. They do so
through a review of land use and tenure changes in Mexico’s Veracruz region, and the introduction
of various commercial crops to Nahua speakers. These illustrate how continuous innovation is ne-
cessary to ensure food production and land conservation in the face of economic and environmental
change. They point out how tensions can occur, as seen between the milpa traditional subsistence
farming regime (which is a resilient biodiverse agroecosystem featuring maize, beans and squash as
main crops) and government environmental protection programmes (which promote planting of
single tree species to advance reforestation and reduce soil erosion).

Recent advances in information technology have widened access to knowledge and have conse-
quently, as Andrew Ainslie points out, increased rates of change. He considers the implications of
the resulting rapidly evolving hybridized local/scientific knowledge in the context of the manage-
ment of tick-borne diseases among cattle in the Eastern Cape Province of South Africa. Conflicts over
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knowledge and its use are increasing, with evermore questioning of ‘expert’ knowledge. What consti-
tutes trusted knowhow and viable innovation is increasingly an issue, which relates to the process of
certifying information as trustworthy, with certain knowledge increasing in strategic value. People
are consequently more uncertain, having to make decisions informed by an unequal mix of local and
scientific knowledge.

The diffusion and extension section opens with the development and spread of agricultural
technology. Drawing on her long experience with Asian rice farmers, Florencia Palis discusses how
IK may serve as a source of innovation. She also demonstrates how the incorporation of farmers’ IK
in the development of technology and extension work can further acceptance and adoption of new
technologies. In the next chapter, Jeffery Bentley and colleagues focus on IK-informed extension
work. They draw on a project in Mali to inform people about how the parasitic ‘devil weed’ striga re-
produces and how to control it, using videos that feature local farmers explaining issues and their
experiences. The authors follow up on changes that have occurred after people saw the video series,
which involved farmers experimenting and modifying their cultivation practices.

In the third chapter of this section, Lars Otto Naess considers the part that local knowledge
plays in people’s adoption, or not, of development interventions. He focuses on vulnerability to cli-
mate change in the semi-arid Dodoma region of Tanzania, and what constrains and enables imple-
mentation of adaptation strategies. He relates how farmers’ drought-coping tactics often rely on
locally based knowledge and practices, not necessarily because they wish to continue with these as
such, which they acknowledge are sometimes inadequate, nor because they fail to understand the
benefits of outside interventions to increase community resilience. Rather, it is a question of asset
limitations, labour shortages and lack of trust in outside schemes; regarding the latter, the actions of
farmers signal resistance to external interference.

While the processes of diffusion and extension promote dynamism and change, concerns for
conservation and sustainability may act in the opposite direction and encourage cautiousness and
stasis. These opposed tendencies hint at the complexity of IK understandings, which mirror the con-
trariness of human behaviour generally. The third conservation and sustainability section starts
with James Fairhead and colleagues considering indigenous soil knowledge, notably in respect to
processes of soil enrichment, which they argue are more widespread in Africa and Asia than thought.
They draw attention to two practices: the cultivation of abandoned settlement areas and the incorp-
oration of anaerobic charred biomass together with other organic matter in the soil. They argue that
these overlooked traditional agroecological soil management practices have the potential to contrib-
ute to sustainable agricultural development and strategies to tackle climate change.

In the next chapter, Doyle McKey and colleagues discuss raised-field agriculture in tropical wet-
lands, which some think affords a way to increase the productivity of an otherwise marginal envir-
onment without degrading it. Others consider this delusional, notably in the context of tropical
America, where interest in such farming is found, even though it all but disappeared there 500 years
ago. He points out that wetland raised-field cultivation occurs elsewhere in the tropics and reports on
some of these present-day systems to evaluate conflicting judgements of it. They adopt a nuanced
position that steers between an overly optimistic view of indigenous practices and an overly pessim-
istic one that sees them failing, indicating that these afford a viable way to farm wetlands while con-
serving their biodiversity, with unique advantages and disadvantages.

The following chapter addresses the increasingly acknowledged role of indigenous knowledge
and practices in the conservation of agricultural biodiversity. In the context of Andean communities
in southern Peru — custodians of considerable crop diversity — Chris Shepherd argues that negoti-
ations between these local communities and conservation bodies need to give as much weight to the
interests of farmers and the diversity of their livelihoods, as to the institutional goals and strategies
that inform state and non-governmental development efforts, in order to maximize the role of IK in
the conservation of agrobiodiversity. He proposes a ‘cultural affirmation’ and ‘cultural integration’
approach to assess on-farm conservation. The former seeks to strengthen and revive local subsist-
ence traditions and practices beneficial to conservation, while the latter encourages farmers to adopt
new technology and enter the market, albeit aware that these may be unfavourable to conservation.
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The topic of crop biodiversity continues in the next chapter, where Stephen Brush addresses in-
digenous practices of crop selection, gene-pool maintenance and seed exchange. He focuses on the
Andes and Mesoamerica, two regions of crop domestication (of potatoes and maize, respectively)
where the wild ancestors of these crops occur together with the largest diversity of cultivars. He ar-
gues that understanding farmers’ knowledge of plant diversity furthers insights into crop breeding
and evolution. The cultural and nutritional salience of these plants gives clues to crop evolution, as
do local knowledge of variations in crop species according to size, shape, colour, taste and so on, and
cultivation practices that ensure conservation of a wide germplasm pool.

The complexity and variability section opens with Daniela Soleri and David Cleveland interro-
gating the assumptions that outsiders make in understanding local farmers’ knowledge and prac-
tices, and their methodological implications. They investigate what farmers in the Oaxaca region of
Mexico expect and achieve with maize seed selection, their perceptions of the risks that transgenic
maize cultivation pose, and agreements and differences between them in identifying bean varieties.
They argue that their assumptions and hypotheses did not match their empirically tested findings
because the latter were too simplified to capture the complexities of farmers’ knowledge and environ-
mental relations. While outsiders may think that these complex variations suggest imprecise under-
standings and practices, they actually serve to protect crop genetic and phenotypic variety, which is
central to the sustainability of local agriculture and furthermore contributes to the conservation of
the world’s crop diversity.

In the next chapter, Patricia Howard discusses the complex knowledge and skills that inform
smallholder on-farm storage systems: an under researched topic. Contrary to popular negative as-
sumptions, losses are low. The methods used are effective and sustainable, and appropriate to small
farmers, representing long-term adaptations through interaction between local environmental, cul-
tural and socio-economic circumstances. She outlines the complex management of these systems by
women, largely as part of their domestic responsibilities, whose practices reflect knowledge of pests
and diseases, and plant physical and chemical properties — knowledge that agrees with scientific
knowledge. These systems promote food security and resilience, and contribute to the conservation
of crop biodiversity, and we need measures to prevent erosion or loss of associated complex
knowledge.

The irrigation of rice terraces on the island of Bali is a classic example of the complexity of indi-
genous resource management. Small farmer groups comprise local water-user associations called
subaks, as Wayan Windia and colleagues describe, which meet in water temples to manage the irri-
gation of their terraced paddies. In their chapter, the authors discuss destabilizing changes in associ-
ated farming practices due to ill-informed outside interference, the main drivers of which are
high-yielding varieties and the growth of tourism. The former, linked to the Indonesian govern-
ment’s drive for self-sufficiency in rice production, encouraged subaks to abandon traditional irriga-
tion management. Subsequently, the government realized the tourist potential of the water temple
managed system — underlined by its declaration as a UNESCO World Heritage Cultural Landscape —
and reversed its policies. The subaks are currently in crisis, their survival threatened, caught up in
contradictory ever-changing development plans that pressure them to adapt sophisticated trad-
itional ways to fit new management policies that fail to grasp their function.

In the final chapter, Alder Keleman and colleagues address the political dimensions of IK, argu-
ing that politics permeates all of our understandings, whatever the cultural context. They argue that
designating any knowledge as indigenous is less a statement of content than a value-loaded rela-
tional statement. They use case studies from Ecuador, India, Indonesia and Ireland to explore how
political power permeates agricultural practices and technology, notably how the powerful use label-
ling of knowledge as either indigenous or modern as a tactic to reinforce and legitimize their domin-
ance, recognizing certain practices and innovations above others. They argue that to optimize the
contributions of natural resource IK and associated management skills, it is necessary to acknow-
ledge their political dimensions and set them within wider cultural context to promote the inclusion
of people’s values and aspirations in any development interventions.
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1 Indigenous Knowledge and Natural
Resources Management: An Introduction
Featuring Wildlife

Paul Sillitoe*

Since the 1930s there have been periodic bovine
tuberculosis (bTB) outbreaks in British cattle
herds, continuing into the 21st century. The
search for vectors and their control has featured
a long-running argument over the part that
wildlife, notably badgers, play in transmitting
the disease to cattle and how to prevent it. On
one side, there are livestock farmers who think
that badgers are significant in spreading the bTB
bacterium (Mycobacterium bovis) to their herds.
They advocate culling populations in areas adja-
cent to their pasture land, and organizations
representing them such as the National Farmers’
Union' have lobbied successive governments to
waive wildlife protection legislation and allow
the slaughter of badgers using a range of methods
including shooting, trapping and gassing setts.
On the other side, there are animal conserva-
tionists who think that badgers play a negligible
role in spreading bTB to cattle, some even argu-
ing the reverse. They maintain that culling is not
only cruel, but also ineffective, and animal welfare
bodies such as the Badger Trust? advocate vac-
cination if control of the infectious bacterium
really is necessary in the badger population (Caplan,
2010, 2012).

The differences of opinion prompted gov-
ernments to employ scientists to examine the
evidence, authorizing the conduct of trials in

* E-mail: paul.sillitoe@durham.ac.uk

some regions of the West Country, such as the
‘Randomised Badger Culling Trials’, to assess the
role of badgers in spreading bTB to cattle and
the effectiveness of culling in reducing infection
rates (Ares and Hawkins, 2014). While the sci-
entific evidence suggests that badgers may play
a part in spreading bTB, it largely supports the
protectionists’ position, arguing that culling
badgers is not an effective or cost-effective
approach to controlling the disease. According
to independent scientific experts, culling yields
modest benefits that are short term without
ongoing control programmes, which are more
expensive than the financial returns gained from
reduced herd infection rates. Furthermore, it
can make matters worse on farms outside cull
areas by disrupting animals’ territories and
movements, resulting in infected animals roam-
ing more widely than previously. They argue
that improving control of cattle movements and
bTB testing could more effectively reduce herd
infections.

The conclusions continue to fuel furious
debate. ‘Badger culling ... is a highly politicized
arena, involving the national and local state, sci-
entists, farmers and organizations such as farm-
ing unions, and those for animal protection and
nature conservancy’ (Caplan, 2012, p. 17). The
farmers, who stand to lose tens of thousands of
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pounds with herd infection, are annoyed by the
outsiders’ thwarting interference in their affairs,
as their deep personal knowledge of animal
management and extensive experience of the
countryside convinces them that culling badgers
on and around their farms reduces bTB infection
of their herds. The scientists, on the other hand,
with less at stake personally, seek to present the
objective evidence of monitored trials dispassion-
ately, albeit counteracted by strident activists
with their sometimes disruptive demonstrations;
both of these parties use the trial evidence to
argue that culling is ineffective and even coun-
terproductive in reducing the infection of herds
with bovine tuberculosis. The evidence on either
side of the argument is equivocal, particularly
when seen from the other side. It is a stand-off:
indigenous knowledge (IK) versus scientific know-
ledge (SK).

This book addresses such commonly en-
countered differences in the understanding of
agricultural issues, focusing on IK. It seeks to
further understand what IK amounts to, as
shown by current cutting-edge research, and to
showcase the part it plays in natural resources
management, for those who may be unaware of
the possibilities it offers in tackling, as pointed
out in the Preface, such currently pressing issues
as food security worldwide, promoting sustain-
able practices and conservation, and halting en-
vironmental degradation.

What is the Indigenous
Knowledge Approach?

Although IK is increasingly acknowledged within
natural resource research circles, it is perhaps
advisable to start with a definition of the ap-
proach, which is not as straightforward as it
sounds. The ongoing argument over appropriate
terms for the field,®> an indication of the flux
within it, intimates the challenge, some arguing
that ‘indigenous knowledge’ is inappropriate as
it is difficult to define in a globalizing world and
potentially divisive politically (Sillitoe, 2015,
pp. 349-352). The semantics need not detain
us: indigenous knowledge and IK are the term
and acronym employed widely in development
circles. Furthermore, people from a range of discip-
lines are contributing to the IK project —from an-
thropologists and human geographers to ecologists

and environmental scientists, including agrono-
mists and foresters — who, coming at it from a
range of directions, give IK a diverse intellectual
perspective and methodological heterogeneity.
Nonetheless, whatever the differences, the fun-
damental premise behind all IK is unexception-
able, namely that an understanding and appre-
ciation of local ideas and practices should inform
any interventions in people’s lives, as declared
some years ago (Kloppenburg, 1991; DeWalt,
1994; Warren et al., 1995). As a working defin-
ition, IK is any understanding rooted in local
culture and includes all knowledge held more or
less collectively by a community that informs in-
terpretation of the world (Sillitoe, 2002, pp.
8—13). In this volume it concerns knowledge
that relates to natural resource management. It
is both mindful and tacit, often passed on through
experience as the legacy of practical everyday life.
It varies between communities; being culturally
relative understanding learned from birth that
informs how people interact with their environ-
ments. It comes from a range of sources and is a
dynamic mix of past ‘tradition’ and present in-
novation with a view to the future. Although
widely shared locally, its distribution is uneven,
often according to gender, age, occupation and
so on, maybe with political power implications.
The definition is redolent of anthropology,
albeit focused on applied not academic prob-
lems, and in a sense IK research originated
with the discipline. But as it relates to natural
resources in development contexts, IK is more
recent, appearing in association with some
provocative work in the 1980s that marked a
significant change of approach to development.
This was from previous dominant top-down
paradigms that were oblivious of IK issues —
modernization with its transfer-of-technology
model and dependency with its Marxist-
inspired model of development — to bottom-up
oriented participatory approaches (Chambers,
1997). These latter approaches attempt to bring
the planning and implementation of interven-
tions nearer to people, following growing dis-
content with expert-led approaches and expen-
sive project failures. Participation features
flexible methods that encourage local commu-
nities to analyse their own problems and
communicate their ideas, promoting a better fit
culturally and environmentally between research
and technological interventions. It tackles some
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of development’s most challenging problems
today, albeit several problems attend participa-
tory and, hence, IK approaches, centring on the
facilitation of meaningful participation (Mosse,
2001). They vary widely in the scope they af-
ford farmers to participate, from consultative
(outsiders retain control), to collaborative (in-
siders cooperate as equal partners).

From an agricultural perspective, farming
systems research, with affinities to participation,
also contributed to IK’s emergence (Collinson,
1985; Biggelaar, 1991). It promoted a holistic
systems approach — encompassing agronomic,
environmental, socio-economic, etc. components —
given the complexity of natural resource manage-
ment in different environments. It took research
beyond the experimental station and on-farm to
understand local practices and management
constraints and advance more appropriate techno-
logical interventions. It encountered similar
problems to participation, namely how to pro-
mote meaningful problem-centred farmer co-
operation rather than expert-led scientifically
driven analysis and intervention. Its systems
concept was narrow and static, rarely extending
beyond the farm boundary (whereas diverse
farm-household livelihoods do), and overlooking
their dynamic nature and scope for endogenous
change. It also got bogged down in complex sys-
tems analysis, caught on the horns of the con-
undrum of how to identify and focus tightly on
particular researchable constraints without los-
ing the overall farming systems view. It is a para-
dox that IK addresses, being embedded by defin-
ition within the wider context. It also addresses
the shortcomings of researching highly complex
environmental—cultural systems using multidis-
ciplinary teams that spend short periods of time
on farms, which is crippling from an anthropo-
logical standpoint.

Indigenous and Scientific Knowledge

It is common, in the applied contexts where IK
features, to contrast it, often unfavourably, with
SK that informs many interventions. SK is char-
acterized as global whereas IK is local (Sillitoe,
2007). The former is openly international and
cosmopolitan in outlook while the latter relates
closely to a particular cultural context. While SK

has broad, universally generic, intellectual ambi-
tions, IK has narrow, culturally specific, practical
concerns. This contrasts with their approaches to
understanding problems, where SK is reduction-
ist, comprising the in-depth understanding of
narrowly trained specialists, while IK is unitarist,
comprising system-wide understanding of broadly
informed citizens. One aspires to be objective and
analytical, while the other is considered subject-
ive and tacit. The scientist is formally taught in
institutions that are keepers of knowledge, ar-
ranged in an orderly manner by discipline; the in-
digene is informally taught in the community
where knowledge is organized in less systematic
ways. Scientific method is more deductive with
protocols agreed to test a consistent model of the
world regularly through purposefully designed
experiments (which are only predictable to vary-
ing extents, not always going to plan), while indi-
genous practice is more inductive with serendipit-
ous assessment of a changeable world irregularly
during everyday chance experiences (which are
knowable to varying extents to others, as hotly dis-
puted by postmodern thinkers).

In this comparison, SK is regularly charac-
terized as dominant and IK as subordinate (Failing
et al., 2007). This judgement rests in consider-
able part on the scope that scientifically informed
technology allows us to intervene in the world,
as seen in such amazing achievements as organ
transplant surgery, space exploration and elec-
tronic communications. In seeking to redress
this judgement, the IK agenda is liable to misun-
derstanding. It is a common misapprehension,
particularly among scientists and technocrats,
that IK somehow implies denigration of these
technological advancements, even advocating
regression (Dickson, 1999; Anonymous, 1999;
Ellen, 2004). A speaker at a conference in
Bangladesh typified this view (Sillitoe, 2000),
criticizing our interest in IK for promoting, it
seemed to him, the undoing of the advances
made in the scientific breeding of high-yielding
varieties (HYVs) of rice and associated technol-
ogy of fertilizers, biocides and so on, without
which, he argued, the country would have been
unable to feed its expanding population. An un-
spoken question was: what could IK research do
to increase production similarly? It reflects the
current confusion among many natural scien-
tists, even those who are willing to countenance
IK, who are often unclear what its contribution
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might amount to, how to access it and how to
incorporate it effectively into their research.

It is necessary to clarify the possible role of
IK in scientific research, which is one of this
book’s aims with respect to natural resources
and environmental science. Those of us promot-
ing IK research certainly do not intend to move
communities backwards in any way. Indeed the
opposite: for instance, with respect to HYVs in
Bangladesh, collaboration with farmers during
the rice breeding programme would arguably
have helped avoid some of the problems that
have subsequently emerged with their wide-
spread cultivation, which include declining soil
fertility and structure (exacerbated by reduced
annual silt deposition with embankment con-
struction diverting the monsoon floods) and in-
creasing poverty among those unable to adopt
the technology as too expensive (exacerbated by
hierarchical social arrangements that support
unequal politico-economic relations). Some trends
in the scientific community are favourable; the
award of the 2015 Nobel Prize in Physiology to
the Chinese pharmacologist Youyou Tu for the
discovery of the anti-malarial drug, artemisinin,
which involved combing traditional Chinese
medical texts, has prompted positive comments
about the potential contribution of IK to science
(Cesare, 2015). Furthermore, it is questionable
to overly privilege SK in view of the increasingly
evident costs of associated technology, such as
climate change, land degradation and water pol-
lution, when respect for IK could advance more
sustainable ways, increasingly called for with
such deleterious impacts becoming ever more
worrisome.

Variations in Knowledge

The view of IK and SK as monolithic polar op-
posites distorts both. This stark discrimination
misrepresents the distinctions and connections
between them, even where used to argue for a
review of the relationship to promote IK’s equal
participation. We do not have two tenuously
connected knowledge traditions separated by a
cultural-epistemological gulf, but rather a net-
worked spectrum of relations. While at one end
of the spectrum there are poor farmers with no
formal education, who we may think represent
‘pure’ IK derived entirely from their own cultural

tradition, and at the other end formally trained
natural scientists, who may seek to accommo-
date aspects of local ideas and practices in their
research, the majority of actors will fall between
them with various intergradations of local in-
sider and global outsider knowledge depending
on community of origin and formal education.
Many local people have some formal schooling
and familiarity with science, which they will
blend with their locally derived knowledge and
cultural heritage. Many British farmers have
gone through school to college and university,
often to study agricultural subjects, environmen-
tal science and so on. And farmers worldwide
receive scientifically informed extension advice
via government agencies, non-governmental or-
ganizations and increasingly the mass media
(Shepherd, 2005). In development contexts
there are national scientists with extensive sci-
entific backgrounds, some with higher degrees
and occupying university posts, who as metro-
politan native speakers are familiar with indi-
genous culture. Those from rural families may
serve as a further pathway for SK to reach local
communities, passing on some of their learning
to relatives and friends. Foreign scientists work-
ing in local communities may do likewise, and
those sympathetic to IK gain some understand-
ing of local views in return. Both IK and SK are
in a constant process of change, being continu-
ally influenced by new ideas. It is contemporary
globalization in action, knowledge passing to
and fro, blending with what is known locally to
inform today’s ideas and practice, such that nat-
ural resource management understandings are
a difficult-to-disentangle mix of knowledge from
various sources.

The variability is even more pervasive. The
conflation of local knowledge traditions into an
indigenous category and its contrast with global
scientific knowledge overlooks differences within
them. The knowledge held by people making up
a local community is not all the same, being
structured, as pointed out, according to gender,
age, occupation, caste, class or whatever. And
the knowledge of scientists varies between dis-
ciplines; the specialist knowledge of a soil chem-
ist, for example, is different to that of a crop
breeder and both differ markedly from that of a
social scientist. Each has a unique perspective,
with its own potential insights and blind spots.
It is a complexity of relations, different stakeholders
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Fig. 1.1. The global knowledge meridians model (from Sillitoe, 2002, p. 119).

having a range of perspectives informed by their
differing viewpoints that apprise their multiple
objectives. A way to envisage this network of re-
lations between different bodies of knowledge is
as a series of meridians arranged around a globe
(Fig. 1.1), each meridian representing a different
knowledge domain; for example, the various
fields in natural resources management, such as
crops, soils, water resources, livestock and so on
(Sillitoe, 2002). It accommodates variations in
knowledge according to disciplines in the science
cluster and life experience in the indigenous one.
The meridians can represent any knowledge do-
main, from plants to animals and economics to
politics, allowing the setting of enquiries as necess-
ary within a holistic cultural context. The globe
represents an interaction domain. It can plot the
positions of individuals who interact within the
domain, according to their knowledge of any range
of meridian issues, extrapolating from these
where they are located within the globe. While
individuals’ configurations vary, some will over-
lap more than others, comprising interest com-
munities; for instance, plotting the global coord-
inates for farmers and scientists regarding
natural resources knowledge in a region will re-
sult in two clustered points within the globe. The
global model not only represents IK and SK as
individually variable and not monolithic, but also
subverts any hierarchical arrangement, the me-
ridians arranged randomly about the globe, pre-
cluding any tendency to polarize clusters with
dominant SK above subordinate IK, putting all
on a par in a complex multidimensional network.

According to some critiques of develop-
ment, it is dubious to conflate local knowledge

traditions into an indigenous category and con-
trast it with global scientific knowledge, not only
because it overlooks differences within them, but
also because it overlooks similarities between
them (Agrawal, 1995, 2009; Parkes, 2000;
Sillitoe, 2007). They argue that these knowledge
systems may be similar in rudiments and con-
tent, which is undoubtedly so because without
substantial similarities and overlaps in the sub-
stantive contents of various knowledge systems,
it is difficult to conceive of communication with
one another. Also, there are some parallels be-
tween the methods that SK and IK use to explore
reality and it is questionable to distinguish be-
tween them on methodological grounds; for ex-
ample, that SK exclusively tests ideas through
experimentation or is more objective, because,
after all, local farmers are often keen experi-
menters and are among some of the world’s
most pragmatic people. Furthermore, SK is just
as culturally located and value-laden as any
other knowledge tradition, being rooted in Euro-
pean society where it largely took off, although
contemporary globalization-driven hybridiza-
tion is diminishing the influence of Western
sociocultural heritage.

Accommodating Different Knowledge

Regardless of globalizing trends, and the differ-
ences within and similarities between IK and SK,
it is defensible to distinguish between such local
and global knowledge traditions. Many people
do so, such as those in lesser developed countries
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who wish to share in the technological advances
that SK underpins — allowing humans, as pointed
out, unheard of ability to exploit resources — not
only to increase their standard of living, but also
sometimes to stave off starvation and sickness,
particularly with the relentless population ex-
pansion. The dissemination of this technology is
central to development, where awareness of IK
can play a part in advancing appropriate inter-
ventions in accord with local ideas and prac-
tices. Well intentioned arguments that seek to
redress the power imbalance between scientific
and other perspectives are unhelpful in suggest-
ing that it is illegitimate to distinguish between
them. Indeed they are ironically supporting
hegemonic relations by questioning people’s cul-
tural identity (Sillitoe, 2002), which they may
deploy in their fights against cultural imperialism,
including asserting a place for their knowledge.
They are also liable to allegations of ethnocen-
trism, for implying that the ‘they’ of contempor-
ary cross-cultural discourse is the same as ‘us’.
People in different regions have unique cul-
tural traditions and histories, which continue to
inform significantly their understanding of
being in the world. They concern different issues
and priorities, reflect differing interests and ex-
periences, formulated and expressed in differing
idioms and styles, which outsiders may under-
stand to varying extents. While individuals do
not duplicate each other, they share a sufficient
but indefinite amount of knowledge to make up
a discrete cultural community sharing a com-
mon history, values, idioms and, likely, language.
They are inculcated into these distinct cultural
heritages, developed over generations albeit not
in isolation but mutually influenced by other
traditions that they have some connection and
overlap with, while retaining their uniqueness,
with the similarities between them correlating
closely with geographical distance until recently.
The rate of hybridization may have increased
with the current boom in worldwide communi-
cations and associated acceleration in globaliza-
tion processes eroding distinctions between
different culturally specific knowledge systems
(Dove, 2000; Shepherd, 2004; Thomas and
Twyman, 2004), but these continue to inform
different peoples’ understanding of the world. So
long as such communities exist with their differently
framed cultural understandings, the struggle
over the standing of different views — of which

the IK versus SK debate is an aspect — is going to
continue, being an aspect of contemporary global
processes, extending to debates over such knotty
issues as ideology, values and belief (Stiglitz,
2003; Rodrik, 2012). It follows that the IK and
SK dichotomy is inescapable in some measure
and to argue in effect that we should not distin-
guish between different knowledge traditions is
unrealistic, however laudable the aim of overrid-
ing intellectual imperialism, and any privileging
that occurs is not necessarily inevitable; it is du-
bious, as pointed out, to esteem overly scientific
discourse as its technological costs become in-
creasingly apparent.

The duck-rabbit image made famous in
Wittgenstein's (1958) discussion of ‘seeing’ can
be used to illustrate how the IK approach seeks
to further the understanding of different views
in both directions (Sillitoe, 2015, pp. 345-346)
(Fig. 1.2).* It is mistaken, looking at the image,
to ask: ‘What view is “correct”: is it a duck or a
rabbit?” What you recognize may depend on
what you are used to. If you are not accustomed
to ducks, for instance, you will see a rabbit. If
you see in turn a duck and then a rabbit, you
make out the image’s two different aspects. In
the same way, the approach advocated here
seeks to clarify the dual aspects of the IK and SK
discrimination in natural resources manage-
ment, both of which likewise focus on the same
environmental issues ‘out there’. The challenge
of the duck-rabbit image — of striving to see both
images when you can only see one or the other
at any one time — conveys the ambiguity of IK re-
search in attempting to get local and scientific
understandings, which represent different per-
spectives on the same phenomena, to correspond

Fig. 1.2. The duck-rabbit (from Wittgenstein, 1958,
p. 194e).
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in some measure, or more likely, to complement
one another. The inference is not that this app-
roach advocates the translation of farming IK into
agricultural SK, in all probability diminishing the
former in the process, in addition to privileging
the latter. Rather it attempts to connect them, as
many farmers do who demonstrate the short-
comings of depicting IK as contrary to SK, inter-
mingling both to produce many-sided hybrid
knowledge. They may assimilate new informa-
tion both coming from without and generated
within to give a place-specific mix of local and
global knowledge (Robertson, 1996).

Predation on Scotland’s Moorlands

A recent review of predation on the Scottish
moorlands illustrates the duck-rabbitness of
differing IK—SK views of the same phenomena

(Ainsworth et al., 2016). The study of predation,
organized by Scotland’s Moorland Forum,’ set
out to compare and assess similarities and differ-
ences between scientific and local knowledge,
and the scope for integration of different per-
spectives. It involved both natural and social
scientists, the former engaging in an extensive
zoological literature review of animal popula-
tion trends, including an analysis of changes in
Scottish wild bird populations using Bird Atlas
2007-11 data (Balmer et al., 2013), and the
latter conducting a web-based questionnaire
survey supplemented by a series of workshops
and seminars (Fig. 1.3) to enquire into the issues
with members of organizations concerned about
bird predation in Scotland. The respondents
were classified as either oriented to ‘Local Know-
ledge’ (e.g. land agents, gamekeepers, farmers
and crofters) or ‘Scientific Knowledge’ (e.g. re-
searchers, administrators, naturalists and green
activists), according to what they identified as

Fig. 1.3. Scotland’s Moorland Forum Workshop held at Scottish Natural Heritage Headquarters, Great
Glen House, Inverness on 3 November 2015. (Photograph by kind permission of Simon Thorp, Forum
Director.)
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their primary source of predation information
(either ‘personal field management experience’
or ‘scientific peer-reviewed articles’), although
predictably several relied on a combination of
both sources, underscoring the point about hy-
bridity.® The responses of the ‘Local Knowledge’
group were compared with those of the ‘Scien-
tific Knowledge' group and the data from the
natural science review.

Some may query a discussion of moorland
wildlife in an introduction to a volume on nat-
ural resource management that largely focuses
on agriculture. While the culling of badgers to
protect cattle herds may qualify, the protection
of game birds seems to be of a different order, al-
beit the issues are arguably similar. They raise the
question of what qualifies as agriculture. This
takes on a particular salience in cross-cultural
IK contexts, which can challenge conventional
categories, opening up new ways to approach
issues. The manipulation of the environment by
hunter-gatherers, for instance, arguably makes
them farmers; such as the actions of Australian
Aborigines, who promote the growth of plants
edible for both humans and hunted animals,
often by firing vegetation and increasingly re-
ferred to as fire-stick farming (Gammage, 2011).
The management of moorlands to encourage
game birds is similar, involving intervention in
predator/prey relations to protect game birds
that supply food, albeit harvested largely as
sport. It helps to think outside the box in this
way because it encourages us to consider how
other livelihood regimes may manage natural
resources in ways not immediately apparent,
which merit the same attention as more readily
recognized conventional environmental man-
agement regimes. It also reduces the unequal re-
lations between IK and SK to realize that ten-
sions between these two ways of knowing
feature in our culture too.

The Moorlands research found that there
was broad agreement over population changes
of the focal species” with predator numbers in-
creasing and prey numbers decreasing, al-
though the ‘Local Knowledge' group thought
that the predators had increased much more,
and both groups differed over the Bird Atlas
abundance data. The majority of ‘Local Know-
ledge’ respondents thought that predators, par-
ticularly crows and foxes,® had a ‘medium to
high negative impact’ on prey species, including

protected ones, followed by recreational disturb-
ance (walkers, often with dogs; cyclists; bird-
watchers, etc.), whereas ‘Scientific Knowledge’
respondents more often thought that habitat
differences and interactions between a range of
ecological and anthropogenic factors had the lar-
gestimpact on predator—prey numbers (Ainsworth
etal., 2016, pp. 32-33, 231). Reasons suggested
for the disagreements included differences in
geographical and temporal perspectives, with
‘Local Knowledge’ holders considering restricted
areas and events of immediate interest in the
context of long-term experiences and intimate
knowledge of the land, whereas ‘Scientific
Knowledge’ holders focus on larger regions and
processes over extended periods of data collec-
tion albeit with short-term field work and less
familiarity with places. Also, predators and their
impacts on prey are more immediately visible
and locals may more readily perceive their num-
bers to have increased, whereas other environ-
mental factors such as changes in habitat are
less obvious and longer term in their effects on
predator—prey populations. While the local con-
cerns are direct and considered in straightfor-
ward cause-and-effect terms, the scientific ones
are indirect and addressed in complex ecological
feedback terms. The impact of predation is diffi-
cult to determine whatever your approach and
experience, because a decline in prey popula-
tions is not necessarily due to increased predator
numbers. Other drivers of demographic change
include climate and weather, disease and para-
sites, and human activities involving land use
and habitat change. These make assessment and
resolution of different views problematic. They
confound scientific studies on predation, making
experiments difficult to devise and leading to
ambiguous results. It is difficult to distinguish,
for instance, between the effects of different
predator species on the various prey populations
that occupy an area. These sorts of issues may
further account for the disagreements between
survey respondents and the Bird Atlas data,
concerning problems with species identification
and bird counts (particularly of highly mobile
or fluctuating populations).

While both respondent groups agreed that
they wanted to ensure a sustainable long-term
balance between healthy prey and predator
populations, they disagreed on how to achieve it.
The ‘Local Knowledge’ respondents predictably
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supported direct control of predator numbers to
maintain prey populations, being of the opinion
that predators posed the most immediate threat.
They saw culling as a successful and swift man-
agement strategy. It has an immediate observable
effect, which recommends it. They collectively
had long-established experience of this manage-
ment technique and its effectiveness, unlike
other approaches, and this gave them confidence
in it. Some studies support their faith in it; redu-
cing predator pressure in the breeding season of
prey species is particularly significant, though
the effects are difficult to verify because if only
one predator is targeted the numbers and behav-
iours of others may change, replacing it, espe-
cially if prey become more available, whereas if
several predator species are culled it is impossible
to know what the effect is of the reduction in
each. An alternative strategy, particularly when
breeding game birds, is to erect enclosures that
exclude predators.

The ‘Scientific Knowledge’ respondents ad-
vocated landscape management to maintain
healthy predator and prey populations by im-
proving the quality of habitats for birds. They
cited management of vegetation to increase plant
and insect food availability and to provide nest-
ing sites — from encouraging understory thickets
and closed canopies in woodlands and con-
trolled grazing and mowing of grasslands, to
management of field margins and hedgerows on
farmland, along with reduced pesticide and
herbicide use. Research predictably supports the
effectiveness of such habitat management for
maintaining bird populations. Problems with it
include the considerable time it takes for such
ecological management to have a noticeable eff-
ect, and also it is necessary to cover considerable
and preferably interconnected areas to be effect-
ive, which in turn implies cooperation between
several parties, unlike predator control under-
taken by a single gamekeeper. And teasing out
the effects of particular measures in complex
ecological systems can be a challenge. A wish to
protect all species can complicate matters further.

Promoting Collaboration

The challenge is to facilitate cooperation and
communication across the indigenous-to-scientific

knowledge spectrum through the promotion of
knowledge partnerships (Eversole, 2015) and
beyond to planners, policymakers and politicians.
It is unwise for scientists to underrate indigen-
ous understandings, as it can breed defiant lo-
calism, even conflict, if those in power deny the
validity of place-centred knowledge. While IK is
more circumscribed than SK, it often matches
and sometimes betters science-based understand-
ings of, for instance, land use. It is increasingly
recognized that indigenous peoples have their
own effective ‘science’ and resource manage-
ment systems (Sillitoe, 2007). There are many
examples of the soundness of their knowledge
and practices, and the need to respect them;
some of them were previously thought ‘primi-
tive’ and in need of modernization. It is widely
acknowledged, for example, that local ways of
managing natural resources are an integral part
of any environment; notably in biodiversity
management and conservation that may include
culling, where the cessation of such practices
may be as damaging as the loss of species (Posey,
1999; Knight, 2000; Anderson and Berglund,
2003). In reconciling IK with SK, we cannot as-
sume that the one will be congruent with the
other; rather we have to tease out parallels and
contrasts, each potentially influencing the other.
But some conflict is inherent in the process, be-
cause it is not just about furthering understand-
ing, of advancing more rounded views, but of
deploying knowledge to effect some action, and
sometimes the values that underpin IK and SK
are not readily reconcilable (Young et al., 2010).
The negotiations become far more complex but
policies and interventions are more likely to be
appropriate for more people, notably local actors,
and so more sustainable (Harrison and Burgess,
2000; Taylor and Loe, 2012).

The Scottish Moorlands project illustrates
the IK-SK tensions in advancing both rabbit and
duck views. The management of predatory spe-
cies is an emotive topic with, on the one hand,
concerns about the negative impacts of predators
on prey species and calls for their lethal control,
and on the other, recognition of predation as an
aspect of natural ecosystems and arguments that
these benefit from conservation-minded human
interference that aims to promote a sustainable
balance. The subject is of policy interest to gov-
ernments (the Moorlands review was presented
to the Scottish Government) which typically rely
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on scientific evidence when making decisions.
The assumption is that it is independent, unbiased
and objective, undertaken by reputable aca-
demic bodies that use experimental methods and
sound observation to collect data, statistically
analysed for reliability, and scrutinized by peers
before publication. Yet, whatever the quality of
the evidence, other interested parties may reject
decisions based on it as externally imposed by
those ill-informed about local conditions who
fail adequately to address relevant questions
(Wynne, 1992). The reductionist approach of
science tends to overlook wider context and may
address issues that local resource managers
think inappropriate, such as focusing on prob-
lems at the wrong spatial and temporal scale
(Fig. 1.4). They value first-hand experience of
dealing with predation, for instance, which they
think gives them deep and reliable understand-
ing. They mistrust science, thinking that the
framing, reviewing and funding of research bi-
ases it, while scientists mistrust local views as

subjective, lacking rigorous evidence, even fea-
turing hearsay ‘proof’ (Failing et al., 2007).
Both are open to unintended bias informed by
different values and understandings, of stew-
arding, or ‘working with’, versus managing, or
‘working on’, nature, which can polarize views.

Nonetheless, the majority of participants in
the Moorlands review agreed that both view-
points have their strengths and weaknesses and
that cooperation might advance a better in-
formed overall understanding of the role that
predators play within ecosystems and the effect-
iveness of various management strategies to
maintain healthy predator and prey popula-
tions. They identified a need to develop a new
collaborative approach that includes locals and
scientists from the outset in designing research,
collecting data and interpreting results, to tackle
perceived biases and generate new understand-
ings acceptable to both sides. Building necessary
trust is central through improved communica-
tion and networking, promoting the exchange

Fig. 1.4. Visit by Scotland’s Moorland Forum to Invermark Estate (by kind permission of the Earl of
Dalhousie) on 5 June 2015. (Photograph by kind permission of Anne Stoddart, Forum Administrator.)
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of views and data, which aims to lead to
‘co-production of knowledge’. The participants
acknowledged the challenges of reconciling di-
vergent views and objectives over issues such as
what constitutes a suitable balance between
predator and prey numbers, which relate to dif-
fering values, perceptions and experience of
moorland environments; for example, some spe-
cies, such as game birds (e.g. grouse, partridge
and ptarmigan) are more important to some
stakeholders than others. It is widely acknow-
ledged that values influence understanding —
such as the differing values signalled by affiliation
to game management versus nature conserva-
tion organizations, which broadly correlate with
relying on local and scientific knowledge, re-
spectively — but accommodating the different
views or beliefs engendered presents tricky prob-
lems and may even amount to trying to obviate
paradox when parties hold opposed values,
such as overcoming contradictory demands for
managed versus wild environments. A particular
challenge is to harmonize different views and
experiences of scale, in respect of both time
(short- versus long-term measures and out-
comes) and space (interventions over small
areas versus entire regions), which are as rela-
tive here on planet Earth as they are in the wider
universe. The diversity of interests and priorities
also varies between like-interested individuals,
even those affiliated to the same conservation or
shooting organization, which further compli-
cates agreement.

Challenges of Integration

The IK approach presumes a methodology that
mediates effectively between the contradictions
that characterize the promotion of scientific re-
search informed by an indigenous knowledge
perspective. A range of eclectic approaches have
been pioneered that favour techniques that dir-
ectly involve local people (Sillitoe et al., 2005),
such as participatory mapping using all manner
of media (mixing crayons with stones, beans
and twigs) and drawing up calendars and activ-
ity diagrams, through to game playing and the-
atricals, and more conventional collaborative
paper-and-pencil surveys that mix semi- to un-
structured interviews with field observations.

These are not culturally neutral but subject to
external influence and may fail to access local
knowledge with the subtlety expected by anthro-
pology. Furthermore, deciding what to focus on
is an individually informed judgement too, such
that the drawer, game-player or whoever controls
the representation may manipulate it according
to their interests. Another approach is to encour-
age farmers’ experimentation, though the con-
nection between their problems and ideas and
scientific research and possible technological
interventions is not always clear, unorthodox
farmer-led experiments being incompatible with
scientifically designed trials and data analysis.
We not only have intercultural problems
between scientists and locals, but also interdis-
ciplinary problems among the scientists. This
work often features a range of disciplines to pro-
mote different perspectives on complex problems
and to facilitate action research (Sillitoe, 2004).
The harnessing of an anthropological back-
ground to knowledge of a scientific—technical
field that informs interventions, such as agricul-
ture or environmental science, is useful in fur-
thering interdisciplinary interfacing with local
knowledge. The facilitation of such broad re-
search is a major methodological challenge
facing IK-through-SK research. It involves the
resolution of longstanding strains between the
natural and social sciences, conveying local
knowledge to natural scientists such that they
can appreciate its relevance. Both techno-scientific
and socio-political issues feature, inextricably
entwined, striving to reach a plausible consen-
sus. It returns us to the issue of the domination of
science and associated power issues, featuring
on the one hand the association of technological
interventions with natural scientists and on the
other local community empowerment with so-
cial scientists. It is a battle of perspectives char-
acterized as hard versus soft systems and so on.
At the local level, intercommunity prob-
lems further complicate aspirations of equitable
negotiation central to such participatory research.
Communities of interest are not homogeneous,
as aforementioned. The distribution of know-
ledge and experience within a local community
may be markedly uneven, which presents chal-
lenges in selecting participants, often of a polit-
ical sort. The promotion of a locally informed
perspective should extend to an awareness of
local power structures. There is the possibility of
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self-selection by those with particular interests
to promote these or the more influential or pushy
dominating and directing enquiries and negoti-
ations to their benefit. These are likely to be
wealthier and more powerful persons in develop-
ment contexts who seek to exclude the margin-
alized such as the poor and women. The Scottish
predation project used a ‘snowball sampling’
strategy, for instance, drawing on the networks
of the Moorland Forum organizations’ mem-
bers, which was subject to potential biases, not
ensuring proportional representation from or-
ganizations according to membership size or ex-
tent of experience or differing interests.

The integration of local stakeholders’ know-
ledge in the decision-making process can improve
the quality of judgements (Huntington, 2000;
Beierle and Konisky, 2001) and collectively agreed
decisions that acknowledge local values and
interests are more likely to be socially and politic-
ally acceptable to actors (Harrison and Burgess,
2000), and may lessen conflicts between parties
(Young et al., 2010). The challenge is to promote
arapprochement between different perspectives,
playing off the advantages and disadvantages of
different knowledge traditions, generating syn-
ergy to improve overall understanding of issues
and problems, which at root comes down to rec-
onciling differences in values and priorities. It is
exciting work as the chapters in this book show.
It is necessary to be open to the unexpected and

new. Allowing the know-how and aspirations of
local populations to inform development, for ex-
ample, opens up the prospect of a redefinition of
the meaning and aims of the very process. The
IK agenda intimates such a shift, albeit there are
concerns about the reaction of development
agencies, which are likely to see it as subversive,
reducing their control. It denotes the reduction
of outsider hegemony, challenging the assump-
tion that strangers have a right to impose inter-
ventions, through the promotion of what some
call endogenous development (Haverkort and
Reijntjes, 2006) that allows people to follow
their own lines of enquiry and contribute mean-
ingfully to the determination of ‘development’
objectives that concern them.
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Notes

' See, for instance, http://www.nfuonline.com/science-environment/bovine-tb/badger-cull-is-a-key-part-of-
tackling-bovine-tb/.

2 See, for instance, http://badger.org.uk/threats/bovine-tb.aspx.

3 The alternative terms include local knowledge, rural people’s knowledge, insider knowledge, indigenous
technical knowledge, traditional environmental knowledge, peoples’ science, local agricultural knowledge
and folk knowledge.

4 The source of the image, as Wittgenstein acknowledges, was Jastrow’s (1900: 312) Victorian lithograph,
used to argue that perception involves both eye (physical stimulus) and mind (mental activity).

5 A partnership of 28 organizations that focuses on issues concerning the Scottish uplands with a view to
informing and influencing policy, management and practices (http://www.moorlandforum.org.uk/).

6 ‘Local Knowledge’ group = 211 respondents and ‘Scientific Knowledge’ group = 110 respondents; six of
the nine workshops (involving 15 of the participating organizations) involved the former and three the latter,
while the three 1-day seminars were joint.

7 The focal prey species identified by the Moorland Forum were Black Grouse Tetrao tetrix, Curlew Nume-
nius arquata, Golden Plover Pluvialis apricaria, Grey Partridge Perdix perdix, Lapwing Vanellus vanellus
and Oystercatcher Haematopus ostralegus; predator species were Common Buzzard Buteo buteo, Crow
Corvus spp., Northern Raven Corvus corax and Red Fox Vulpes vulpes.

8 The status of Ravens and Buzzards, like Badgers and Pine Martens also frequently mentioned by ‘Local
Knowledge’ respondents as significant predators, is controversial as they are protected species under UK law.
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By definition, indigenous knowledge is an attribute
of societies with historical and intergenerational
continuity in resource management. Such a
knowledge system constitutes an integrated
corpus of knowledge, practices and beliefs that
provide a holistic view of ecosystems (Toledo,
2002). Different works have documented the
antiquity and ubiquity of indigenous wisdom
and the many benefits it confers to people and
societies (McDade et al., 2007; Reyes-Garcia
et al., 2016). Researchers have also argued that
locally developed knowledge and skills about the
environment are critical in explaining the logic
of indigenous peoples’ agricultural practices
(Fox and Gershman, 2000; Long and Zhou,
2001; Hardwick et al., 2004 ). Previous research
has shown that traditional knowledge systems
can contribute to more sustainable agriculture
by, for example, increasing landscape biodiver-
sity through the creation of a mosaic of different
habitats (Wiersum, 2004), contributing to in situ
conservation of crop varieties (Altieri and Merrick,
1987; Jarvis and Hodgkin, 1999), or helping to
curb the clearance of tropical forest for subsist-
ence agriculture (Pascual, 2005; Reyes-Garcia
etal.,2011).

However, researchers have emphasized that
indigenous knowledge systems should be

considered neither static (Berkes et al., 2000;
Gomez-Baggethun and Reyes-Garcia, 2013),
nor isolated from other knowledge systems
(Agrawal, 1995; Leonti, 2011). Rather, they
should be understood as being in constant
change, in a dynamic process that encompasses
a complex combination of knowledge replica-
tion, loss, innovation, hybridization and trans-
formation (Zent, 2013). Changes in indigenous
knowledge systems can be triggered by multiple
factors that range from individual learning and
experimentation, to the adoption of new tech-
nologies, or to changes on the surrounding socio-
ecological systems (Eyssartier et al., 2011; Zent,
2013; McCarter and Gavin, 2014; Reyes-Garcia
etal.,, 2014c).

Given that most indigenous societies
today face rapid changes affecting their socio-
environmental context, it becomes relevant to
ask: how do indigenous knowledge systems re-
spond to such changes? And how does change in
indigenous agricultural knowledge relate to agri-
cultural management? In this chapter, we address
these questions by exploring the changes in the
agricultural practices of two indigenous, small-
scale, subsistence-based societies: the Tsimane’
(Amazon Basin) and the Baka (Congo Basin).
To date, the two societies have relatively little
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(albeit increasing and uneven) involvement in
market economies (mostly through wage labour
and the sale of forest products), school-based
education, or modern healthcare systems (Reyes-
Garcia etal., 2016). In addition, the two societies
resemble one another in that they depend on the
consumption of local natural resources through
a combination of foraging and farming in an en-
vironment where such societies have historical
continuity of resource use. The two societies
differ in their historical process of adoption of
agriculture; while the Tsimane’ have practised
horticulture since colonial times (Daillant, 2003),
the Baka have only engaged in agriculture since
the 1950s (Leclerc, 2012). Moreover, the two so-
cieties increasingly face new external pressures;
the Tsimane’ to engage in cash crop agriculture
(Vadez et al., 2008) and the Baka to abandon
their dependence on wild resources and concen-
trate on subsistence agriculture (Leclerc, 2012;
Oishi, 2012).

In such context, this work aims: (i) to de-
scribe the process of adoption of agricultural
practices in the two groups; (ii) to examine the
coexistence of agricultural knowledge related
to local and newly introduced species and
agricultural practices; and (iii) to test whether
differences in knowledge of local and newly
introduced agricultural practices relate to
agricultural management.

Methodological Approach
Research context

Results presented here were collected within
the framework of a large research project aim-
ing to test the adaptive nature of culture (see
Reyes-Garcia et al., 2016). Two researchers
lived for 18 months in each of the two selected
societies, each in a different village. Each re-
searcher teamed up with local research assistants
who helped in data collection and translations.
We obtained ‘free prior and informed consent’
from each village and individual participating
in the study, as well as agreement from the rele-
vant political organization representing the in-
digenous groups. The research has received the
approval of the ethics committee of the Universitat
Autonoma de Barcelona (CEEAH-04102010).

Researchers devoted the first months in the
field to becoming adapted to the local mores,
building up trust with participants and collect-
ing background ethnographic information. We
also conducted semi-structured interviews with
key informants on local livelihoods (i.e. tech-
niques, division of labour, seasonality, and assets
associated to subsistence activities) and on the
content of indigenous knowledge (Davis and
Wagner, 2003). The ethnographic information
helped in the design of quantitative methods
and to put our results into a broader context.
The following 12 months were spent in quanti-
tative data collection and visits to agricultural
fields. To make our research locally specific, we
adapted our protocols for each site (e.g. referring
to local species and relevant management prac-
tices). However, to allow for comparability, the
protocol’s general structure and administration
was identical across sites. The protocols used are
described on the ICTA — Universitat Autonoma
de Barcelona website.*

To capture variation, within each of the
two societies we selected two villages at varying
distances from the main market town where we
worked with all male and female household
heads who were willing to participate. The final
sample with complete data for the analysis pre-
sented here includes 39 Tsimane’ and 64 Baka
households.

Agricultural knowledge

We measured the agricultural knowledge at the
individual level. To capture changes in agricul-
tural knowledge, we collected information related
to two different knowledge systems: (i) knowledge
and management practices of crop varieties
present in the local agricultural system; and
(ii) knowledge and management practices of
newly introduced crop varieties. The approach,
while downplaying the complexity of the agri-
cultural knowledge system, allows comparison
of information from two different knowledge
systems and across societies.

To collect agricultural knowledge informa-
tion, we used a knowledge test that included 30
questions on six different crop strains (30 = 6 x 5),
of which three were traditional and three were
recently introduced varieties (for a similar ap-
proach see Reyes-Garcia et al., 2014a). We used
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Table 2.1. Crop varieties used in knowledge tests.

Tsimane’

Baka

Local

Newly introduced

Local Newly introduced

Common variety
Intermediate variety
Rare variety

Itsidye (plantain)
Cojo’ (plantain)
Opuntye (yucca)

Dyurty’ (maize)
Carolina (rice)
Tara’ miqui’ muntyi’

Ndo (plantain)
Boma (cassava)
Sapa (yam)

Langa (macabo)
Mebuta (potato)
Woundo (groundnut)

tority’ (maize)

our ethnographic information to select one well
known, one relatively known (i.e. intermediate)
and one rare local variety in each site. We used
the same criteria to select three newly intro-
duced varieties (Table 2.1). For each item we re-
quested informants: (i) to identify the variety by
showing them the seed (or other propagation
material such as bulbs or cuttings); (ii) to answer
two questions regarding its management; and
(iii) to answer two questions regarding its use.
The test also included three general questions on
local management practices (i.e. soil selection)
and three general questions on newly introduced
management practices (e.g. use of pesticides).

Agricultural management

To assess variations in agricultural management,
we collected survey data regarding households’
agricultural plots. We estimated the amount of
area cleared for agricultural purposes by asking
informants to report all the plots opened by the
household during the last planting season and
to estimate the surface of each plot and the type
of forest cleared (i.e. fallow and old-growth forests).

We also asked respondents to estimate the
number of person-days (i.e. the amount of work
equivalent to one person working x days, or x
people working for one day) invested in agricul-
ture. We asked plot owners to recall the number
of days and the number and age of people who
participated in slashing, felling trees and clean-
ing debris in a plot in preparation for agricul-
ture, as well as the number of days invested in
weeding and harvesting. We computed adults as
one full working day and children as a half-day.
For owners of more than one plot, information
was collected separately for each plot. We aggre-
gated the information to generate a variable that
captured the total number of person-days a

household devotes to agricultural production.
Baka informants, rather than reporting person-
days, estimated the number of days in which
they engaged in the different agricultural activ-
ities. So the variables should be interpreted
differently for the two cases. We also asked re-
spondents to report whether, in addition to the
agricultural crops, they planted and or tended
useful plants around their house compound.

Plot observations

We took direct measures in all household plots
devoted to staple crops (i.e. plantain for the
Tsimane' and manioc for the Baka). Specifically,
we used a compass and a GPS to measure the
total surface at the clearing of each plot. We
then counted the number of plantain or manioc
plants in each plot. As the Tsimane’ grow up to
ten plantain varieties within a plot, we counted
the number of plantains per variety. The differ-
entiation between varieties of manioc was not
reported in the case of the Baka. We also noted
the name of other crops in the field.

Data analysis

We used answers to the questions on trad-
itional crops and management to generate a
score of local agricultural knowledge (LAK)
and answers to the questions on newly intro-
duced crops and management techniques to
generate a score of new agricultural knowledge
(NAK). Specifically, we added a point to the re-
spective score for each of the following: (i) the
informant identified the propagation material
by providing the folk name of the strain; (ii) the
informant knew the management techniques
of the strain; and (iii) the informant knew the
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use or preparation for that plant strain. Ques-
tions on management and use were originally
designed as multiple-choice, but after unsucc-
essful attempts to apply such questions, we de-
cided to collect data with open responses,
which were later recoded into categories. To
evaluate responses, we generated a measure of
agreement with the group based on the num-
ber of times the informant’s answer matched
the modal response to a question (D’Andrade,
1987; Reyes-Garcia et al., 2016). Given that in
the two studied societies agricultural fields are
managed by both male and female household
heads, we used the average of their knowledge
scores in our calculations.

We performed a hierarchical cluster ana-
lysis to classify households according to their
level of LAK and NAK. We used the Ward's
method as agglomerative technique. Then we
used Kruskal-Wallis and chi-square tests to
examine potential differences between the
groups in agricultural management practices
obtained with the hierarchical cluster ana-
lysis. For the statistical analysis we used
STATA 11.1 for Windows (Stata Corporation,
Texas, USA).

Agriculture Among the Tsimane’

Our first case study society is the Tsimane’, a
small-scale indigenous society in the Bolivian
Amazon. The Tsimane’ number about 12,000
people living in about 100 villages of commonly
about 20 households per village, concentrated
along rivers and logging roads (Reyes-Garcia
et al., 2014b). Up until the late 1930s, the Tsi-
mane’ maintained a traditional and self-sufficient
lifestyle. However, their interactions with Boliv-
ian society have steadily increased since the
1940s (Reyes-Garcia et al., 2014b).

Previously semi-nomadic, most of the Tsimane’
are now settled in permanent villages, mainly
established in commonly owned lands, with
school facilities and increasingly connected to
local towns. Today, the Tsimane’ largely rely
on swidden agriculture supplemented by hunt-
ing, fishing and gathering, though they are
gradually entering the market economy (Godoy
et al., 2009) through wage labour in logging
camps, cattle ranches and the homesteads of
colonist farmers. Barter of thatch palm and sale

of cash crops are also local important sources of
income (Vadez et al., 2008).

Tsimane’ engagement with agriculture

Although Tsimane' have remained mostly de-
pendent on forest resources until recently, refer-
ences to swidden agriculture amongst the
Tsimane’ date back to the 16th century (Dai-
llant, 2003). The long-term importance of agri-
culture for the Tsimane’ is reflected in the large
number of myths developed around domesti-
cated plants such as plantain, manioc, or cotton
(Huanca, 2008). While Tsimane’ agricultural
production was until recently mostly oriented to
household consumption, over the past decades
sales of crops have dramatically increased
(Vadez and Fernandez-Llamazares, 2015).

Our previous research in the area suggests
that Tsimane’ allocate about 22% of their daily
productive time to agriculture, similar to the
share of time allocated to hunting and gather-
ing (21%), and with a larger involvement dur-
ing the rainy season (27%) than during the
dry season (10%) (Reyes-Garcia et al., 2009).
According to the data collected for this study,
Tsimane’ households annually invest around
35 person-days in their agricultural plots (sb = 24):
14.5 person-days in plot preparation (i.e. slash-
ing, felling, burning), 14 person-days harvest-
ing and 6 person-days in plot maintenance
(Table 2.2).

Nowadays, Tsimane’ farming is extensive
and includes cultivation in newly opened plots,
fallow plots, and homegardens. The Tsimane’
open new plots between May and August, burn
them between September and October, and then
plant them. Although sequence in planting var-
ies, typically the first crop to be planted after
burning is rice. After the rice harvest, fields may
be partially replanted with maize, manioc or
plantains. The margins of the fields are often
planted with other crops, such as pineapple, pea-
nuts, papaya, watermelon, squash, Amazonian
yam bean and cotton. Households in our sample
opened an average of 1.38 new plots, for a total
of 0.60 ha (sp = 0.45), with an equally rough
extension in old-growth (0.31 ha) and fallow
(0.29 ha) forest. Crop fields are never cultivated
for more than 2—3 years and then they are left
aside for forest regeneration. Consequently, new
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Table 2.2. Average (sb) Tsimane’ agriculture-related characteristics, total and by level of new agricultural
knowledge (NAK) and local agricultural knowledge (LAK).

Households Households
with high NAK with high LAK Pooled
(n=17) (n=23) (n=39)
Agricultural knowledge
Household average level of LAK 9.17@ 9.9 9.53
(ha) (0.85) (1.30) (1.18)
Household average level of NA 7110 4.39 5.50
(ha) (0.74) (1.20) (1.72)
Agricultural investments
Total person-days 41.50 29.30 34.62
(ha) (28.28) (18.19) (23.61)
Slash-and-burn/planting 14.09 13.84 13.95
(ha) (6.23) (7.65) (6.98)
Weeding 9.59®) 3.55 6.18
(ha) (9.87) (4.76) (7.92)
Harvesting 17.82 11.91 14.49
(ha) (17.09) (10.62) (13.93)
Households using chainsaw (%) 65 41 51
Households using sowing machine (%) 71 27 46
Households with homegarden (%) 76® 32 51
Av. no. crop species in homegarden 8.180 2.50 4.97
(ha) (4.92) (4.95) (5.65)
Newly opened plots
No. of plots per household 1.47 1.32 1.38
(ha) (0.72) (0.57) (0.63)
Total area cleared /household 0.79 0.46 0.60
(ha) (0.50) (0.35) (0.45)
Old-growth 0.46 0.20 0.31
(ha) (0.56) (0.31) (0.45)
Fallow 0.32 0.27 0.29
(ha) (0.39) (0.25) (0.31)
Plots with staple crop (plantain)
No. of plots per household 2.06@ 1.38 1.66
(ha) (0.94) (0.64) (0.83)
Total area with plantain/household 0.40@ 0.27 0.32
(ha) (0.30) (0.38) (0.35)
Old-growth 0.26 0.14 0.19
(ha) (0.30) (0.21) (0.25)
Fallow 0.13 0.13 0.13
(ha) (0.24) (0.29) (0.27)
Av. no. plantain varieties/plot 5.83 5.92 5.89
(ha) (0.99) (1.09) (1.04)
Households practising multi-cropping 61 69 66
in plantain fields (%) (0.50) (0.47) (0.48)
(ha)
Av. no. other crop species. in plantain 1.93 2.20 2.09
fields (1.14) (1.16) (1.15)
(ha)

@P < 0.05; ®P < 0.01

patches of old-growth or fallow forests are open
every year.

Plots in transition to fallow are planted with
a variety of crops, including plantains, bananas,

peach-palm, arrow-cane and pineapple. Fallow
plots are also used to plant fruit trees, which
often have a long-term economic importance for
Tsimane’ families. Young fallows are managed



20 V. Reyes Garcia et al.

more intensively than older ones, but the reuse
of fallows is common and begins around 5 years
after the land has been abandoned, depending
on the crop and on village land availability
(Huanca, 1999). A final important element in
Tsimane' agriculture is homegardens (Diaz-
Reviriego et al., 2016). About half of the house-
holds in our sample had a homegarden, typically
including fruit trees, cotton, medicinal plants
and other useful species such as those that pro-
vide dyes, fibres, and fish poisons.

Tsimane’ agricultural knowledge
and management practices

Tsimane’ local agricultural knowledge relates
not only to management practices, but also to
social institutions and spiritual beliefs. Thus, to
engage in agriculture, the Tsimane' draw on
their knowledge of soil types, topography, wea-
ther and the like to decide where and how much
forest to clear (Reyes-Garcia et al., 2011); but be-
fore cutting trees down the Tsimane’ also ask per-
mission from the spirits who, according to their
tradition, own them (Huanca, 2008). Accuracy
in timing matters: if too late, brambles and
brush will get too wet to burn well and leave too
much debris when Tsimane’ burn their fields.
The potential weed burden also matters. Fallow
forests are easier to cut but contain more weeds,
whereas old-growth forests are harder to clear as
they contain larger trees to fell, though they will
eventually contain fewer weeds. To minimize
peaks of work around weeding and harvesting
time some Tsimane’ opt to use old-growth for-
ests. To reduce the risk of crop loss and smooth
the work load, they stagger planting.
Agricultural practices, however, are con-
stantly changing, a process that has increased in
speed from the 1980s onwards, with the arrival
of highlanders who introduced the use of new
techniques (i.e. chainsaws) and external inputs
(fertilizers, herbicides and pesticides) to boost
agricultural production. For example, with the
introduction of chainsaws, the Tsimane’ are
abandoning the use of axes to clear plots (51%
of households in our sample used a chainsaw for
clearing) and many (46% of the sampled house-
holds) have also adopted the use of a rice-sowing
machine. The use of fertilizers and pesticides is

still rare in Tsimane’ fields, but, through their
work as agricultural wage labourers in farm
ranches in nearby areas, the Tsimane’ are now
cognizant of these newly introduced manage-
ment techniques.

Overall, we found that average levels of
local agricultural knowledge (LAK) are higher
and show less variation than average levels of
new agricultural knowledge (NAK) (Table 2.2).
Nevertheless, Tsimane' households can be ass-
igned to two different clusters regarding their
agricultural knowledge. The largest cluster (n=23)
includes households with high levels of LAK
(average = 9.93) and low levels of NAK (average
= 4.39). We call this cluster ‘households with
high LAK’. The smallest cluster (n=17) includes
households holding slightly lower levels of LAK
(average = 9.17) but higher levels of NAK (aver-
age = 7.17). We call this cluster ‘households
with high NAK.” A Kruskal-Wallis test suggests
that there are statistically significant differences
both in the average NAK and in the average LAK
of households in the two groups (P < 0.01).
Most households with high LAK (15 out of 23)
are found in the most isolated village, whereas
most households with high NAK (13 out of 17)
are located in the village closer to town. In other
words, while LAK seems to be ubiquitously dis-
tributed, NAK is relatively less common in both
communities but growing in the village with
higher market access.

Tsimane’ traditional staple crops are
manioc and plantain. In contrast to other Ama-
zonian societies in which manioc is the main
staple, the main use of manioc among the Tsi-
mane’ is to produce a fermented beer, called
shocdye, a task undertaken by women, which
plays a major role in Tsimane’ culture and social
life (Daillant, 2003; Zycherman, 2013). On the
other hand, plantain is a fundamental ingredi-
ent in Tsimane’ diet (Zycherman, 2013). We
found that Tsimane’ households had an average
of 1.7 plots with plantain, with an average area
of 0.32 ha/plot. While there are up to ten differ-
ent plantain varieties in some fields (mean = 5.9
plantain varieties/plot), most plots contain a
large number of plants of the two or three more
common varieties and a lower number of the
rarer varieties. As much as 66% of the house-
holds with plantain plots practise some form of
multi-cropping, with about 2.1 other crops in
plantain fields.
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Rice is the most important newly intro-
duced crop for the Tsimane’ and currently plays
a vital role for subsistence and as a cash crop.
Rice was first introduced in the area by Jesuits in
the 17th century (Thomas, 2012), but Tsimane’
only started to use it widely from the 1950s on-
wards, when missionaries brought improved
rice varieties. In this sense, it is interesting to no-
tice that the Tsimane’ do not have traditional be-
liefs related to rice (Huanca, 2008). They argue
that their rapid adoption of rice relates to the
fact that this crop can be easily stored and sold
on the local markets, which provides them with
financial security.

As suggested by the existence of the two
clusters of households with different types of
knowledge, Tsimane’ households have inte-
grated new agricultural technologies in different
ways. Interestingly, our data show that house-
holds in the two clusters display differences not
only in levels of agricultural knowledge, but also
in agricultural management. Thus, households
with high NAK invest more time in agriculture
(41.5 versus 29.3 person-days), and specifically
in weeding their fields (9.6 versus 3.6 person-days,
P < 0.01), than households with high LAK.
They also clear larger surfaces for new plots
(0.79 ha versus 0.46 ha) and have larger plots
with plantain (0.40 ha versus 0.27 ha). A higher
percentage of households with high NAK also
use modern technologies (chainsaws and sow-
ing machines) and have homegardens (76% ver-
sus 32%) where they grow a larger number of
species (8.18 versus 2.50). Interestingly, house-
holds with high LAK cultivate more diversity, in
terms of number of both plantain varieties and
other crops. Households with high LAK are also
more likely to practise some form of multi-
cropping in plantain fields (69% versus 61%).

Agriculture Among the Baka

The Baka, who are Oubanguian speakers, are
one of the former hunter-gatherer groups indi-
genous to the tropical rain forests of the Congo
Basin. Spread in four different countries, most
Baka live nowadays in south-eastern Cameroon,
where their population is estimated to be be-
tween 30,000 and 40,000 (Leclerc, 2012), and
where our study was carried out. Traditionally

Baka lived in semi-nomadic groups and depended
mainly on wild resources. They were, however,
closely associated with local sedentary swidden
agriculturalists, always Bantu-speaking people,
with whom they maintained a relationship of
mutual interdependence: Baka provided bush-
meat and other wild resources to Bantu in ex-
change for agricultural products and commercial
goods such as iron tools, salt and clothes (Althabe,
1965; Bahuchet, 1993). Beyond the economic
relationship, such alliances were constructed
on political partnerships of reciprocal supports
through pseudo-kinship bonds and ritual ex-
changes (Joiris, 2003; Rupp, 2003). From the
1950s, the Baka progressively settled along log-
ging roads and initiated the process of adoption
of agriculture — phenomena that, while complex
and apparently generated by different causes, are
often concomitant (Leclerc, 2012).

Nowadays, the Baka in our study area
maintain a high level of mobility, constantly al-
ternating between villages and forest camps.
They are associated with the Nzime, a Bantu-
speaking group. Most Baka continue to combine
hunting-gathering with work for the Nzime and
cultivation of manioc and plantains, their major
staple crops, for subsistence (Robillard and
Bahuchet, 2013). The Baka are also increas-
ingly involved in wild-products trade in an eco-
nomic system that is increasingly monetarized
(Kitanishi, 2006).

Baka engagement with agriculture

As other hunter-gatherer populations of the Congo
Basin, the Baka have traditionally presented a
paradigmatic example of systematic cohabit-
ation with local agriculturalists. This ancient
proximity with farmers is mirrored by a high
complexity and accuracy of lexical domains of
terms used to refer, for example, to plantain and
bananas, the first crops adopted by the Baka
(Leclerc, 2012). It is worth noticing that, despite
the absence of past agricultural practices among
the Baka, researchers have reported the paracul-
tivation of wild yams (Dounias, 2001). Thus,
without cultivating them, the Baka seem to have
actively managed wild yams to maintain prod-
uctivity, by (for example) extracting the tuber
without killing the plant. Interestingly, although
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Baka myths and tales do not include any sign of
past agricultural involvement, wild yams are
embedded in Baka cosmology, where this species
holds a central place between humans, ele-
phants and forest spirits (Joiris, 1993).

The first forms of agricultural adoption
among the Baka are associated with a restruc-
turing of their relationships with the neighbours
due to the massive involvement of the latter in
French colonial economy (rubber and cacao
production), which created both the farmers’ de-
mand for a labour force and the Baka’s need to
obtain agricultural products no longer provided
by their neighbours (Leclerc, 2012). Within this
context, some Baka groups adopted agriculture
in the 1950s (Althabe, 1965), while others en-
gaged in farming only in the late 1970s (Leclerc,
2012). At about the same time, between the
1960s and 1970s, in our study area there was a
clustering of different Baka groups which settled
along roads (Leclerc, 2012). With this establish-
ment, the Baka started to spend more time close
to their neighbours and increasingly to work in
their agricultural fields.

Nowadays, most Baka adults engage in
agriculture either in their own plots, in Nzime
plots, or in both. For example, Gallois et al.
(2016) stated that only 5% of the women and
10% of the men in their sample reported never
having performed subsistence agriculture; like-
wise only 7% of women and 18% of men had
never worked in Nzime fields.

Consequently, when discussing Baka en-
gagement in agriculture, it is important to diff-
erentiate between work in their own plots and
work in Nzime plots, activities that seem to be
equally important in terms of time distribution
(Gallois et al., 2016). Overall, women seem to be
more involved in agriculture (24% of those in
the reports working in Nzime fields and 21% in
their own plots) than men (10% and 17%,
respectively); although men invest more time
during the opening of new plots, women per-
form agricultural work year round, including
opening the plots, weeding and harvesting. Diff-
erentiating between these two forms of engage-
ment in agriculture is important for two
reasons. Firstly, as the peak of agricultural work
occurs simultaneously in Baka and Nzime fields,
the Baka constantly face the need to decide be-
tween investing in their own plots (with future
reward) or working for the Nzime (which pro-

vides immediate payment, often in the form of
baskets of agricultural products, mostly manioc
and plantain). Secondly, while the Baka need to
mobilize their agricultural knowledge to take
management decisions (e.g. when, what, or
where to plant) when working in their own
plots, this is not the case when they work in
Nzime fields, where decisions are likely to be
taken by the plot owner. In a recent develop-
ment, the government and local NGOs have
tried to introduce new agricultural techniques
among the Baka, including the cultivation of
cacao, a main cash crop in the region (Oishi,
2012) and groundnut, a traditional crop grown
by the Nzime. However, such programmes have
not achieved large success (Leclerc, 2012).

Because the Baka have only recently
adopted agriculture and because of their close
relation with the Nzime, Baka agricultural
management techniques closely resemble those
of their neighbours, albeit with low levels of ex-
ternal inputs. Thus to open their plots, the
Baka, like the Nzime, rely on swidden agricul-
ture, in which men cut the big trees with axes
while women and adolescents cut brush with
machetes. None of the households in the sam-
ple used a chainsaw. The Baka open their plots
in January, by the end of the dry season,
and plant them in March, with the arrival of
the first rains. Once the plots are planted, the
investment in agricultural work decreases and
the work mostly consists of weeding. During
June—August, the minor dry season, a minority
of Baka open new and smaller plots. The
major rainy season typically arrives in Septem-
ber, marking the second main period of high
mobility among the Baka, who might spend
several weeks in their forest camps. During this
season, the agricultural work mostly consists
of weeding.

The Baka mostly grow manioc in their plots.
Groundnuts and maize are common in Nzime
fields but rare in Baka plots. According to our
field observations, Baka plots are small and do not
contain high agricultural diversity. Households
in our sample opened an average of 1.12 new
plots per year, for a total area of 0.17 ha (sp =0.12).
Plots were mostly opened in fallow (0.15 ha)
rather than in old-growth forest (0.02 ha)
(Table 2.3). Almost the totality of the plots con-
tained manioc: the average manioc plots com-
prised 0.16 ha versus the 0.17 ha of the total.
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Table 2.3. Average (sb) Baka agriculture-related characteristics, total and by level of new agricultural
knowledge (NAK) and local agricultural knowledge (LAK).

Households Households
with high NAK with high LAK Pooled
(n=29) (n=35) (n=64)
Agricultural knowledge
Household av. level of LAK 12.20@ 12.81 12.54
(ha) (1.55) (1.39) (1.48)
Household av. level of NAK 7.750) 5.34 6.42
(ha) (1.04) (0.87) (1.54)
Agricultural investment
No. days when household head conducted 208.4 192.6 199.5
agricultural work
(ha) (101.6) (85.81) (92.42)
Slash-and-burn/planting 35.48 48.39 42.71
(ha) (24.39) (44.80) (37.45)
Weeding 20.41 20.79 20.62
(ha) (10.18) (7.42) (8.66)
Harvesting 152.5 123.4 136.2
(ha) (85.10) (72.59) (78.87)
Newly opened plots
No. plots per household 1.09 1.14 1.12
(ha) (1.29) (0.36) (0.33)
Total area cleared 0.18 0.16 0.17
(ha) (0.15) (0.09) (0.12)
Old-growth 0.005 0.04 0.025
(ha) (0.02) (0.09) (0.07)
Fallow 0.18 0.13 0.15
(ha) (0.15) (0.10) (0.13)
Households with garden (%) 23 29 26
(ha) (0.43) (0.46) (0.44)
Av. no. crops in garden 0.27 0.54 0.42
(ha) (0.55) (1.07) (0.88)
Observed manioc plots
No. plots per household 1.087 1.038 1.061
(ha) (0.29) (0.20) (0.24)
Area with manioc 0.164 0.158 0.161
(ha) (0.14) (0.08) (0.11)
Old-growth 0.005 0.03 0.02
(ha) (0.02) (0.07) (0.05)
Fallow 0.159 0.124 0.140
(ha) (0.144) (0.107) (0.126)
Households practising multi-cropping (%) 100 100 100

@P < 0.05; ®P < 0.01

Although all Baka households in the sample
practised some form of multi-cropping, fields
only had an average of 3.8 crops in addition
to manioc — mostly plantain, cocoyam, sweet
potatoes and domesticated yams. Finally, it is
interesting to notice that, overall, Baka house-
holds reported not having a homegarden, with
only 26% of the households reporting that

they intentionally grew some crops (e.g. chilli)
around their houses.

Baka agricultural knowledge

Even beyond their territory, the Baka are largely
known for their detailed and intimate knowledge
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of the forest environment. For example, for a
long time the Baka have been in demand as valu-
able guides for foreigners who want to access
wild resources (ivory, game, ebony), or for their
use of medicinal plants. At the same time, the
Baka are generally considered poor farmers, al-
though interestingly enough some of their forest
expertise does seem to be valued in farming. For
example, farming neighbours value Baka'’s abil-
ities to (supposedly) control the rain and the
wind, or to ensure good luck in farming.

We found differences in how agricultural
knowledge is distributed across Baka house-
holds; these differences, however, mostly related
to NAK. So, as for the Tsimane’, the cluster ana-
lysis divided Baka households in two groups: one
(n = 35) with high LAK (average = 12.81) and
low NAK (average = 5.34), and another (n = 29)
also with high LAK (average = 12.20) but higher
NAK than the other cluster (average = 7.75).
A Kruskal-Wallis test suggests that there are
statistically significant differences in the average
NAK of households in the two groups (P <0.001),
but not in the average LAK. Households in both
clusters were equally distributed in the two vil-
lages. We have used the same labels as before to
name these groups.

In contrast to the Tsimane’, however, we
could not observe any statistically significant diff-
erences in agricultural management practices
related to the two groups of households. Thus,
irrespective of their levels of LAK and NAK,
Baka households seem to have the same level of
time investment, low use of external inputs (e.g.
chainsaw), surface cleared, or crop diversity in
their plots (Table 2.3).

We argue that the lack of differentiation in
Baka agricultural management in relation to
their agricultural knowledge relates both to the
recent adoption of agriculture among the Baka
and to the place agriculture takes in Baka liveli-
hood. On the one side, agricultural knowledge is
a recent domain of knowledge for the Baka.
Such knowledge has been mostly adopted from
farmers’ neighbours and, in recent times, from
NGOs working on agriculture. In this sense,
Baka agricultural knowledge combines agricul-
tural knowledge from different sources and
hybridizes it with their own cultural conceptual-
ization of the environment. But Baka agricul-
tural knowledge probably lacks the coherence of
other, long tested, indigenous agricultural systems

that might ultimately reflect differences in agri-
cultural management. On the other side, agri-
culture is not the main Baka livelihood activity,
as most Baka continue to abandon their fields for
weeks or months and move to their forest camps.
Yasuoka (2012) argued that, in harmony with
Baka understanding of the world, this behav-
iour just reflects that indeed Baka adoption of
agriculture is only another strategy to increase
‘diversification of resources usage’. In this line,
the fact that some households differ in their level
of NAK might also reflect the diversity of liveli-
hood strategies among the Baka, with the house-
holds with higher level of NAK corresponding to
those who engaged in projects encouraging the
adoption of cash crops.

Conclusion

As other domains of local knowledge (Gomez-
Baggethun and Reyes-Garcia, 2013), agricultural
knowledge is fundamentally dynamic, which
implies that not all indigenous agricultural prac-
tices currently observed have the same temporal
depth. Changes in indigenous agricultural know-
ledge systems directly relate to, and should be in-
terpreted in, the context of other socio-ecological
transformations that indigenous societies face.
Furthermore, the analysis of changes in indi-
genous agricultural knowledge systems should
be considered not only in relation to the agricul-
tural knowledge system itself, but also in rela-
tion to agricultural management and even to
the mere place of agriculture in indigenous sub-
sistence systems. Thus, for the Tsimane’, changes
in agricultural knowledge seems to relate to a
shift from a logic of subsistence to a logic of
commercial agriculture, and this is reflected in
changes in agricultural management tech-
niques. For the Baka, the shift seems to be the
acceptance that subsistence agriculture can be a
complementary activity in their economic sys-
tem. The dynamic nature of agricultural know-
ledge should be taken into account not only
when studying indigenous groups relatively new
to agriculture, such as the Baka, but also when
studying those who, such as the Tsimane’, have
long practised agriculture. Projects aiming to
use indigenous systems of knowledge to pro-
mote sustainable agriculture should be aware
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that not all of these systems are time-tested
through long-term practices, since many of
them might include exogenous forms of agricul-
tural knowledge new to these societies.

In this sense, the second important finding
of our work relates to the interactions of local
and newly introduced agricultural knowledge.
For the two case studies, we found higher and
more homogeneously distributed levels of local,
rather than new, agricultural knowledge. While
local knowledge seems to continue to provide
the knowledge base for agricultural practices,
some households are exploring newly intro-
duced agricultural knowledge. Such dynamism
should not necessarily be seen in a logic of the
substitution of one type of knowledge by an-
other. Rather, the integration of different know-
ledge systems could offer a chance to find
innovative answers to old and new problems
(Davidson-Hunt et al., 201 3) and thus help to deal
with socio-ecological change (Olsson et al.,
2004). At the same time, we should not neglect
that changes are not equally distributed within
the group. While here we have not explored the

factors that drive such differences (e.g. socio-
demographic characteristics of households), we
do show that such differences are important as
they might relate to actual agricultural manage-
ment practices. Exploring such differences could
help researchers to understand changes in indi-
genous knowledge systems and their potential
effects on sustainable agriculture.
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3 Contingency and Adaptation
over Five Decades in Nuaulu
Forest-Based Plant Knowledge

Roy Ellen*

Older studies of local knowledge in traditional
societies often describe it as if it were a fixed ahis-
torical quantum. But we now know enough
about the systems in which such knowledge is
embedded to realize that, on the contrary, it pre-
sents a dynamic changing landscape, constantly
altering in response to new circumstances and
events (Ellen and Harris, 2000); less a ‘thing’
than a process of continual engagement. This
chapter examines several ways in which the for-
est knowledge of the Nuaulu (a people of central
Seram in the eastern Indonesian province of the
Moluccas) has shifted over the past five decades,
while in other ways has remained remarkably
stable. This is illustrated with reference to three
very different examples (the genus Canarium
harvested for its proteinaceous nuts; the cat-
egory ‘firewood’; and rattan as a construction
material) but in each case the context of how
forest as a more encompassing cultural and eco-
logical entity is also being transformed in peo-
ple’s material and social lives.

Documenting Forest Knowledge

That part of indigenous knowledge scholarship
that relates to understanding the biological

* E-mail: fe@kent.sac.uk

world has its origins in the accumulation of
information on local uses of species by those
working for colonial governments (Ellen and
Harris, 2000). The underlying motives were
generally to increase the database of imperial
science, provide a service to industry and com-
merce and find solutions to the practical prob-
lems of what we would now call ‘development’.
In the middle of the 20th century, this body of
work was given greater theoretical meaning
and intellectual rigour through the linguistic
‘turn’ in ethnobiology. This provided a frame-
work for the study of folk classification, which
subsequently contributed in significant ways to
explaining cultural cognition of the natural
world. It was these concerns that first encour-
aged me to study ethnobiology in the 1970s.
However, from the 1980s onwards there was an
increasing global alliance between students of
ethnobiology, the environmental movement
and the politics of indigeneity. This shifted the
focus to how we might better ensure what was
increasingly being described as ‘sustainable de-
velopment’, recognizing ecological knowledge
as a cultural and economic resource for local
peoples themselves. Within the ethnobiological
community (and perhaps for some outside it)
there was a strongly optimistic assumption —
though as often implicit as spelled-out — that
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simply through codification of local know-
ledge we might somehow create an ex situ res-
ervoir or ‘memory bank’ that could be tapped,
used and transferred depending on the project
at hand. It is fair to say that, though not en-
tirely misplaced, this optimism has failed to de-
liver the outcomes anticipated: the IK initiative
was ‘flagging instead of burgeoning’ (Sillitoe,
2015, p. 343).

In my own teaching in anthropology I
have tended to focus on the contribution of eth-
nobiological knowledge to our understanding
of human cognition, on its importance for the
creation and maintenance of biocultural diver-
sity, its role in parataxonomy and as an adjunct
to conservation. I have stressed that under-
standing local people requires attending to
their perceptions and knowledge of the world
(especially how they make decisions with re-
spect to natural resource management), and
that this is vital in avoiding basic mistakes in
the context of particular projects and general
development policy. This kind of ignorance and
its consequences are well demonstrated by Paul
Richards (1985) in his study of Zonocerus in-
festation of cassava in Ghana, but there are
many similar examples. I have argued that
there is a strong ethical case for documenting
the significance of such knowledge in order to
demonstrate its often complex, sophisticated
and insightful character, both for the benefit of
outside agencies but as importantly for those
whose knowledge it is. Local people are increas-
ingly motivated to document their patrimony,
both in the abstract as ‘lists’ (Tsing, 2005) and
to use it for political ends (Miller, 2016). It has
also become a legally and morally contested do-
main. For these reasons we should always re-
gret the loss of such knowledge, attempt to
preserve it in some form before it disappears,
but not to compartmentalize it. It is not always
wise to be too proactive in making recom-
mendations based on a partial understanding
of cultural knowledge and even less to transfer
locally embedded knowledge that has worked
successfully in one place to somewhere else en-
tirely. The most important applied contribution
that work on ethnobiological knowledge sys-
tems can make to solving the practical prob-
lems of development is in reinforcing the
message that it is essential to build in a core
capacity for local independent adaptation.

Embedded Knowledge

It has taken me 50 years to acquire a rather in-
complete inventory of Nuaulu knowledge of the
forest. Most of the relevant data are organized in
my notes and databases in a way that makes
some sense in the context of a realist ethnog-
raphy of knowledge and according to the meth-
odologies and epistemologies of biological and
social science. However, on the whole these have
not been organized in ways that traditional Nu-
aulu would recognize, until recently. In order to
simplify and analyse in a format familiar to mod-
ern anthropological and scientific scholarship I
have had to dis-embed it from its complex social
and landscape context and reorganize it in a
form conducive to scholarly and scientific ana-
lysis. This is not to say that Nuaulu do not them-
selves organize knowledge in ways that are
consistent with naturalist ontologies, but that
they also tend to experience and represent na-
ture in other ways as well, in ways that are
equally meaningful to them.

Just as there is a strong motivation to trans-
late the detail of peoples’ uses of biological taxa
into the organizational conventions of global
science, so there has been a tendency to apply
that same model to peoples’ knowledge of forest:
to describe an ethnoecological inventory of fixed
ecotypes that mirrors the way in which inven-
tories of plants and animals are conceived. I
have discussed some of the difficulties of such an
approach elsewhere (Ellen, 2010). Since all
peoples, and especially peoples of the tropical
forests, have a multi-dimensional knowledge of
ecology this is not an unreasonable assumption
and has its uses; but the very process of descrip-
tion can sometimes eliminate what is special
about such knowledge: that it is local, embedded
in an organizational matrix that goes beyond
biology, and which provides what Atran and
Medin (2008) have called (rather understatedly)
‘cultural support’ for cognition. For example,
mythic narratives are not simply colourful sto-
ries that impair access to folk-scientific know-
ledge, they are inseparable from accounts of
landscape; the symbolic features of old swidden
plots and settlement sites and notions of owner-
ship are part of the very fabric of thinking about
forest ecology, not just a superimposed layer.
What a Nuaulu ‘sees’ in the forest is not just
plants and animals and fungi, creeks, rocks,
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waterfalls, lakes, hills and valleys, but paths
trodden by ancestors, trees planted by grand-
fathers, boundaries between clans, areas that
are sacred and prohibited. All is simultaneously
physical and mental, biological and social. Nei-
ther is this embeddedness static or unaffected by
change. It is constantly changing. Nuaulu read
into the forest in a very literal way their recent
(as well as mythic) history, through an under-
standing of tree maturation and forest succes-
sion, swidden cycles, settlement histories, the
way old paths change their course due to flood-
ing, land slippage and tree fall, all such events
and processes providing a framework through
which to measure time (cf. Condominas, 1954).
A real part of Nuaulu historical knowledge is an
understanding that much of the forest of central
Seram, from Mount Binaia in the east to Waraka
in the west, from several kilometres inland from
the south coast to the watershed in the Manuse-
la national park, is forest intimately and irrevoc-
ably belonging to Nuaulu clans, evident from
the distribution of old settlement sites through-
out the interior, but from which Nuaulu had
moved in the late 19th century at the behest of
the coastal rajas and Dutch colonial govern-
ment. These areas continued to be part of the
Nuaulu extractive area and patrimony after they
vacated them, reflected in stories and acknow-
ledged by adjacent political groups.

The instability caused by the Second World
War and the ensuing separatist Republik Malu-
ku Selatan insurrection meant that there was
little change in the forests of central Seram and
development for a period of 30 years. The Dutch
had introduced rubber and copra production,
while clove and nutmeg cultivation had been the
traditional exchange crops since the 17th cen-
tury. There had also been a trade in forest prod-
ucts. By 1970, and probably since they came to
the coast, Nuaulu have had an ambiguous rela-
tionship particularly with the domain of Sepa,
but much occluded by ongoing internal dis-
agreements between individual Nuaulu clans
about authenticity of practice and political
leadership.

By 1970, the official state legal position was
that, depending on what law was invoked (the
Forestry Law or the Agrarian Act), Nuaulu
theoretically had access rights, or were denied
them. In practice this did not seem to matter, as
the rights of Nuaulu over most of this area were

recognized in the customary law of other local
peoples, not the least being the rajas of the larger
local coastal settlements of Sepa, Tamilouw, Ama-
hai and Makariki. This was the position in 1970,
but by the early 1980s important changes were
taking place, as the policies of the Indonesian
New Order government were rolled out. Logging
began to expand, roads were built and transmi-
gration zones established, all encouraging
in-migration, both spontaneous and planned.
These all had consequences for Nuaulu. They
could, for example, access parts of their forest
more easily, but the better transport and incom-
ing population led to contestation and conflict
over resources. The combination of these trends
together with the introduction of regular school-
ing and a massive growth in population led to
new ways of thinking about the forest and their
own situation with respect to it, internalizing
government and non-governmental organiza-
tions’ rhetoric about traditional peoples and
their ‘indigenous knowledge’. At this time, some
clans moved and established new settlements in
the lower Nua valley, close to sago and other re-
sources.

The fall of the New Order governmentin 1998,
and a new emphasis on otonomi daerah (local
autonomy), provided the impetus for Nuaulu to
re-open the debate around their position in the
local government system, and in 2012 they
finally achieved an independent desa (local
government unit) of their of own. This was
Nuanea, in 2013 occupying 125 km? along the
Nua valley, and under its own government-
recognized raja. This made it the third largest
administrative unit in the sub-district of South
Seram, following Tamilouw at 596 km? and
Sepa at 223 km?, out of a total of 1149 km? in
the sub-district as a whole (Badan Pusat Statis-
tik, 2014). The political settlement was far
from perfect. Many clans did not recognize the
political authority of the Nuanea raja and con-
tinued to occupy settlements under the juris-
diction of the raja of Sepa, but the important
change was the re-conceptualization of forest
by Nuaulu as a cartographically authenticated
zone, part of which was subservient to no
other polity. Ecological knowledge had been of-
ficially reconnected with official political sover-
eignty, but in the context of an economy in
which land could be sold and maps used to rep-
resent it in the abstract.
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Nuaulu have never been in a position in
which their biological knowledge as such has
been commoditized, for example as herbal rem-
edies, and there has never been concern regard-
ing theft of this kind of knowhow, but they are
well aware that cultural knowledge in general is
valuable. Since all knowledge is embedded in
other kinds of property that are contested, it is
inevitably also political; and since both know-
ledge and resources are about things that under-
pin production, circulate and are consumed,
they are intrinsically part of a dynamic economy
of supply and demand. The rest of this chapter
looks at three case studies that illustrate just
how contingent the changing circumstances of
local forest knowledge can be: (i) harvesting
Canarium nuts; (i) the domain of firewood; and
(iii) rattan. The first is a classic example of intri-
cate biocultural interaction, showing how oscil-
lating patterns of extraction of different species
of the same genus have been influenced by the
politically driven patterns of movement already
described. The second case — the category ‘fire-
wood’ —raises the vexed issue of what ethnobotan-
ists mean when they measure ‘usefulness’, and
how this is not always best examined in terms of
standard models typical of the ethnobiological
literature, which tend to promote the individual
species as the unit of analysis. The third example
examines a more familiar scenario, namely the
impact of market volatility, commodity price and
the decline in subsistence demand for a particu-
lar non-timber forest product: rattan.

Changing Places: Shifting
Preferences in Harvesting
Canarium Species

In his grand Herbarium Amboinense (1741-1750),
Rumphius (2011, pp.v2,215-251) documented
the diversity and complexity of the genus Canar-
ium (in Malay, kenari), several species of which
he noted were used by the inhabitants of the
central Moluccas for oil, nuts and resin. Amongst
these species, Canarium indicum in particular
was reportedly further subdivided in folk classifi-
cation, reflecting its overarching importance in
the lives of 17th century Ambonese. Rumphius
also mentioned a further species, now known as
Canarium hirsutum (the Kenari Seran), which was

less widely distributed and used and which had
larger edible, hairy fruits.

For Nuaulu in the early 21st century this
account is well reflected in their own folk classi-
fications and patterns of use. The dioecious
C. indicum is known as iane, but subdivided into at
least two types of female fruiting tree and a male
tree. Its significance in gift-giving and ritual
feasting in the form of a flat bread (imaea), made
from grinding the nuts with sago flour, is exem-
plified in the numerous synonyms for each of
the kinds of fruiting tree, associated with taboos
placed by particular clans, houses or descent
lines on uttering one name or the other. In add-
ition, Nuaulu place Canarium maluense (which
they call ananate) and C. hirsutum (which they
call kamine) within the same folk grouping, often
describing them all as iane in the wider sense.
During the 1970s, C. indicum was the most com-
mon and widely concentrated species of the
genus around current settlements and around
abandoned settlements in the mountains. By
comparison, C. maluense was (and still is) known
as a tree of the upper reaches of rivers flowing
south into the Banda Sea, while C. hirsutum was
associated, in 1970 at least, with more remote
and largely inaccessible areas further inland.

In 1970, of all folk varieties, it was C. indic-
um that was regularly being harvested, but
45 years later, as the economy shifted towards a
greater focus on plantation crops, competing de-
mands for labour time exerted pressure on har-
vesting and encouraged less time-consuming
alternatives. Climbing large trees to harvest nuts
had always been hazardous, resulting in many
injuries, and this made harvesting even less att-
ractive. By 2015 maea made from sago and
groundnut (Arachis hypogaea) was considered
acceptable for some lesser ritual and social obli-
gations, both in the new settlement of Nuanea
and when provisioning birth rituals in the
neighbouring non-Nuaulu south coast village of
Yalahatan by affinally related clans from Rou-
hua. However, the movement of many Nuaulu
clans from the south coast to the new settle-
ments in and around Nuanea positioned them in
a different ecological zone, with access to forest
of a different composition, and which had previ-
ously (for over 100 years) been considered ‘re-
mote’. In this area there were fewer C. indicum,
but a larger number of C. hirsutum, which were
now considered perfectly acceptable (and indeed



32 R. Ellen

preferable) for ritual purposes. Thus, following
settlement movement, a species that had for a
long time delivered a major feasting food of rit-
ual significance was being effectively replaced by
a species that hitherto had been considered too
remotely located to be used on a regular basis,
but which had known and appreciated properties.

In the case of Canarium, although people
are here relying on a generic knowledge of the
properties of closely related taxa (in this case a
polymorphic scientific genus), the particular
species extracted can alter depending on local
ecology, settlement circumstances and eco-
nomic pressures. Moreover, the historical shift in
interest between different species of the genus
(perhaps oscillating backwards and forwards
over the centuries) and the consequent intermit-
tent selective pressure this places on each of the
species give credence to the view that sometimes
domestication must be understood not as a sim-
ple mono-specific linear process focused on par-
ticular species, but as a pattern of human—plant
interaction over time with several useful species
of the same genus. Recent research on Canarium
suggests that desirable fruit characteristics of
cultivated and wild-harvested edible species have
evolved multiple times within a polyphyletic
genus, with characteristics useful for edible nuts
dispersed throughout the phylogeny (Ellen, 2015).
The utility of particular species in a genus can
therefore vary depending on their accessibility
across different ecologies, as forest composition
varies, as human populations move around, and
in terms of what changing infrastructures and
political circumstances permit.

Measuring Utility: Firewood

One of the difficulties in measuring utility is to
know what a ‘use’ is. In ethnobotany and eco-
nomic botany it has become standard to employ
a tight empirical definition of what might consti-
tute a ‘use’ (e.g. Cook, 1995), with established
protocols to assess the number of uses a plant
has, such as ‘multiple use curves’ (Balick, 1994).
Such protocols permit enumeration and other
kinds of measurement, while meeting the
requirements of science and politically driven
accountancy. But this is not how ordinary people
living in tropical forest view the utility of their

plant world, who seldom think in terms of fixed
finite species uses. Rather, all plants have uses,
but particular plants can have multiple but often
ad hoc and indefinite uses, not all of which may
be the best application of their properties. What
is useful often depends on what is available. For
example, in studies of medicinal plants there is a
widely held but generally unstated assumption
not only that the local knowledge corpus is some-
thing like a fixed list of species with particular
applications, but also that somehow many species
and the treatments with which they are associ-
ated are found over a wide area, such that we
might speak of ‘regional pharmacopoeias’. However,
in a recent comparative study of data drawn
from eight ethnographic locations in Borneo
and Seram (including the Nuaulu), Raj Puri and
I (Ellen and Puri, 2016) found, counter-intuitively,
that medicinals used for particular treatments
were extremely locally specific. While genera
used medicinally overlapped widely, there was
little overlap in terms of species used. Even
within local cultural groups defined by language
boundaries, there was variation in species har-
vested and used for particular purposes.
Something similar applies to patterns of
firewood use. Table 3.1 lists some named cat-
egories of woods used by Nuaulu as fuel, but as
we shall see this is a very partial and misleading
representation of how Nuaulu think about and
select firewood, or of how much they use indi-
vidual species. Nuaulu call firewood menie
(literally, ‘that which is dry’), and we need to
understand that menie is not just trees (ai) but
other burnable vegetable material as well, in-
cluding charcoal (okone), kindling and firelight-
ers. Moreover, most species of woody plant
provide Nuaulu with potential fuel; therefore a
large number of species could be listed as being
used for firewood, and ‘fuel’ entered in the rele-
vant ‘use’ field in a database. But whether and
when Nuaulu use particular species depends on
the options and opportunities available as much
as the particular purpose to which it will be put.
If you asked a Nuaulu to list the total number of
woody plants that could potentially be used as
fuel you would likely get a figure of around 340,
that is almost all trees and some bamboos and
palms. If you ask what fuel woods had actually
been used in the past 12 months you would
likely arrive at a figure considerably less than
this, and in my intermittent records of species
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Table 3.1. Selected Nuaulu firewood species.

Firewood
Nuaulu name Family® Scientific name® status® Notes
ai ane Rosaceae Prunus arborea 2
ai numa Lauraceae (no ident.) 2
ai osi Meliaceae Aglaia parviflora 3
ai polo Moraceae Antiaris toxicaria 3
ai nona Alangiaceae Alangium griffithii 1
ai suto Verbenaceae Premna integrifolia 3 Prohibited for clan Peinisa
akahante no ident. 2
anametene Ebenaceae Diospyros amboinensis 1
ansaha Rubiaceae (no ident.) 2
asahune (no ident.) 2
asatua (no ident.) 2
asihata Euphorbiaceae 2 Burned green because of its
(no ident.) oil content
hana (ai unate) Rhizophoraceae Bruguiera gymnonorrhiza 1 Gives off fierce heat
hatae Sapindaceae Allophylus sp. 1 Used for lime-burning
hisa onate Moraceae Broussonetia papyrifera 2
iane Burseraceae Canarium indicum 2
ipina onate (no ident.) 2
ito Apocynaceae Alstonia scholaris 4
nahani nani (no ident.) 4
neune Casuarinaceae  Casuarina equisitifolia 1
pasane Verbenaceae Vitex cofassus 1 Particularly for charcoal
suenie Poaceae Schizostachyum 3 Most frequently used fuel
brachycladum
S.lima
tunene (warata) Annonaceae Annona muricata 2
tunene Bombacaceae Durio zibethinus 2

@(no ident.) = no identification
®1, excellent; 2, good; 3, average; 4, poor.

actually observed on particular occasions, the
number was 24 — that is the number recorded in
Table 3.1. Regardless of whether the number of
species used as fuel is thereby underestimated or
overestimated, any form of enumeration is likely
to be distorting and misleading.

Thus, although the list in Table 3.1 samples
the diversity of species used, there are other ma-
terials it does not refer to; nor does it make much
sense as a basis for the division of a semantic do-
main in the terms sometimes expected from
studies of folk classification, comprising instead
a number of convergent and cross-cutting evalu-
ative criteria, such as: hardness (hard: high density
to soft: low density); burning quality (quick—
slow); drying quality (fast-slow); heat quality
(cold-warm-hot); harvesting characteristics
(ease of cutting, breaking and splitting); and size
(small-large).

Fast-growing trees, for example, provide
low-density wood and instant heat when burned,
but release a lot of smoke. The advantage of
these fuels for Nuaulu is that they are rarely in
short supply and readily to hand. However, for
slow-burning hot fires with less smoke for cook-
ing certain foods and for keeping fires in over-
night more dense woods are appropriate, derived
from slow-growing species, for example Casuarina
equisetifolia, which provides an excellent fierce
heat and a long-lasting charcoal; and Erythrina
variegata, which keeps the fire in, as it does not
burst into flames, but also burns completely to
ashes. Ficus altissima and Avicennia marina are
also regarded as being effective in keeping a fire
going; both burn slowly and well in a dry wind.
Consequently, it is not that the cultural domain
Nuaulu call ‘firewood’ does not have a distinctive
internal organization reflecting a broad and
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relevant knowledge base; it is just that its com-
plex polythetic character cannot easily be repre-
sented as a quasi-taxonomy of ‘special purpose’
use categories of the kind that we have become
familiar with from, say, studies of medicinal
plants, dye plants or culinary herbs, and any
other of the standard codifications of ‘indigen-
ous knowledge’.

As a general rule, what species are used by
Nuaulu as fuel and what physical form the wood
takes depend less on the purpose of the fire or on
the seeking out of particular species for their
qualities. Most woody species used as fuel are not
explicitly tagged as such: most are useable in
some circumstances, depending on their condi-
tion, and Nuaulu apply generic judgements of
acceptability based on the condition of the wood
(including the diagnostic criteria listed above)
and what is readily available. The fuels of prefer-
ence, therefore, are often the most humble (bam-
boo, palm leaves — what Nuaulu call ‘rubbish
fuel’, menie ai yehue). But even where materials
are available they have to be harvested, and
these costs can be high. Ease of harvesting is
therefore a factor in preferring particular spe-
cies. Most Nuaulu firewood is collected by
women and moved around in large back baskets
from nearby forest and the edges of swidden
land. Piles of firewood are a common sight along
the edge of paths, where they are protected with
prominent scare charms (wate). Until the 1980s
the only tool used for cutting firewood was the
47 cm or 68 cm parang. Most households would
have access to a felling axe but these would sel-
dom be used when harvesting firewood. However,
with the arrival of the petrol-driven chainsaw in
the 1980s, trees could be considered for fire-
wood that would have previously been avoided,
for example the coconut palm, sawn into short
lengths and then split.

For Nuaulu, bamboo is the single most im-
portant fuel and that most commonly seen on
fires. But bamboo as a fuel is often neglected in
inventories of economic uses. For example,
Dransfield and Widjaja (1995) in their survey of
the economic botany of south-east Asian bam-
boo did not mention it at all, although in the
companion volume on ‘auxiliary’ plants, Ha-
num and van der Maesen (1997, pp. 28-30) did
mention some of its convenient properties as
fuel. Bamboo has several advantages, not least
being its abundance. It is also light to carry and

easy to harvest, cut and split. Its abundance, of
course, is linked to it being fast growing, readily
colonizing patches where land has been cleared
for gardens, or where light intrudes elsewhere
through the forest canopy and on the edge of
plantations. Thus, while it is not actively plant-
ed, it is managed indirectly, through the creation
of post-swidden fallow and subsequent cutting
back when harvesting for fuel and other uses.
Being fast growing, it is easily replenished and
thus sustainable. Thin-walled species such as
Schizostachyum brachycladum and S. lima grow
the fastest and are particularly abundant around
villages, and along paths, and these tend to be
the most often selected for fuel. Bamboo provides
a good fuel, as it reduces pressure on other bio-
mass fuels, the rotation cycle of bamboo usually
being shorter than for other fuel species.

Beyond this, factors determining species are
heavily circumstantial. For example, fires lit
when travelling to distant sago swamp are made
on floating rafts of sago palm bark, and given
that these areas are almost mono-specifically
composed of sago palm (Metroxylon sagu), most
fuel for these fires is derived from parts of the
palm itself. However, since sufficient dry tinder
may not be reliably available in swampland,
some dry bamboo for this purpose will actually
be taken to the location where the palms are to
be cut, along with lengths of green bamboo in
which to cook. A similar example is the dispro-
portionate use of dry coconut husks and shells
as fuel when drying copra (both Cocos nucifera).

Outside of this core of default firewood used
in village fires, where species is less important
than the application of generic knowledge, and
the special circumstances of the kind just illus-
trated, there are instances of species-specific re-
lated knowledge. For example, some species are
flagged precisely because they should be avoided.
It is important to know not only what good fire-
wood to prefer, but also what bad firewood to
avoid, either due to poor physical burning and
heating qualities (e.g. ito: Alstonia scholaris), or
because there is a taboo placed upon it, as in the
case of ai suto (Premna integrifolia) used com-
monly as fuel, but prohibited for the clan Peinisa.
On the other hand, there are species that are sin-
gled out as excellent fuels for particular pur-
poses, especially as charcoal (okone). Different
species of woody plant collected as menie can be
transformed into distinctively different types of
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charcoal. For example, the stony endocarp
(shell) of the coconut makes excellent compact
charcoal, as does mangrove wood (in this case
hana: Bruguiera gymnonorrhiza). Nuaulu have
few applications for high-temperature fires, as
they do not work metal, but there is a market
demand for suitable dense woods that Nuaulu
occasionally exploit. However, they do have
other specialist applications for fire for which
different fuels are appropriate. Smoking is im-
portant for preserving meat and to a lesser ex-
tent for driving away insects and other animals.
Coconut husks are excellent for this purpose.
Nuaulu also require a special kind of fire (usa
nosa) for producing mineral lime (kotu nosa)
used in betel chewing. This involves burning
mollusc shells, coral or soft limestone. The fuel
of preference for this is coconut shells (on top),
and a pyramid of stacked split bamboo raised
off the ground on several lengths of sago leaf-
stalk to allow for good ventilation. Bamboo fires,
though not of this structural complexity, are
preferred for fixing the vegetable dyes used to
prepare Pandanus leaf strips when making ritual
objects, for hardening arrow points, for roasting
plantain or yams, and for heating stones used
when cooking maea (see above). Nuaulu do not
make pottery, but in Moluccan villages that do,
coconut husks too are used to provide a steady
heat, while a quick blazing heat is obtained by
using dry fronds and leafstalks of both coconut
and sago palms, including old pieces of thatch
made from these materials, which provide in-
stant low-temperature bonfires suitable for pot-
ting using local clays.

Dense fuel woods are the fuels of choice in
those areas of the Moluccas where fuel of all
kinds (including driftwood) are in short supply.
This is typical of small coral and volcanic is-
lands that are resource deficient, but which are
important centres of trade or fish production.
For example, at the easternmost tip of Seram
there are specialist mainland villages engaged
in extracting mangrove wood for inter-island
trade to small tree-deficient islands such as Ges-
er. Although there are significant costs to con-
sumers in relying on such dense woods, the
trade would not be viable were it to be restricted
to those fast-burning fuels often preferred else-
where. The quantities involved would have to be
huge, increasing costs for producers, traders
and consumers alike. Not only are these denser

wood fuels important for basic subsistence in
such places, but they also support the local
boat-building industry, which has need of fires
for wood-bending.

We finally turn to adjunct materials em-
ployed to light fires. This is no trivial matter, and
the regularity with which different cultural
groups distinguish kindling (in Nuaulu, men
ikine: ‘small firewood’) from firewood sensu
stricto is significant. In a Nuaulu village context
fire is generally always alight somewhere, and
dead fires are usually re-lit by transferring from
one fireplace to another, from one domestic
space to another. The most usual way of doing
this is to employ a firebrand (osi) made from a
bunch of dried coconut leaves, and in 1970—
1971 it was common to see young children sent
off to bring fire from the house of, say, a sibling
or a cross-cousin. Fire, therefore, followed lines
of kinship and affinity. Outside the village, how-
ever, fire making had to start from scratch, as in
sago swamp fires described above. In 1970 this
was still mainly achieved through the use of
flint strike-a-lights (kinonote; see Ellen and
Glover, 1975, pp. 52-53) and a piece of iron
sparking against a small wad of panua, the fine
dry soft earthy-coloured lichenous tinder
scraped from the bark of coconut, sago and aren
palms!. Once the panua is smouldering, ignited
matter can be transferred to a sakete* made from
nahue, the fibre found in clumps around the
base of the petiole of an aren palm (naha niane:
Arenga saccharifera, ‘gamatu’ in Ambonese
Malay) and thereafter transferred to a pile of
wood shavings and kindling (noun: masahini;
verb: asanasi menie), followed by the progressive
addition of small lengths of wood obtained by
splitting (verb: akusina menie) and finally larger
cut pieces (verb: sene menie).

In the 1970s panua and sakete were part of
the ubiquitous equipment carried around by
every adult male in their betel-chewing pouch.
By 2015 these technologies were obsolete, in-
deed virtually extinct, replaced first by matches
and then petrol-fuelled cigarette lighters. Only in
the domain of ritual and within sacred clan
houses were these forms of fire lighting prohib-
ited, and where the traditional forms survived. It
is also in sacred houses that another form of fire-
lighter, the resin torch (kamane), is found, made
from various kinds of dammar. Resins from cer-
tain dammar species are prohibited for use in
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sacred houses, for example kama onie (Shorea se-
lanica) and kama wae (Agathis dammara), though
they may be used for illumination and to trans-
mit fire outside the village. Amongst the most
common resins permissible and used within sacred
houses is kama kamine from the kenari species
C. hirsutum, which we have already met. Overall,
the qualities sought in materials used as fire-
lighters are that they are dry, will ignite easily
and remain alight through smouldering.

Ecology, the Market and Social
Change: a Rattan Case Study

The changing shape of Nuaulu environmental
knowledge, as well as my capacity to document
it, has been influenced by ecological and eco-
nomic change, both in terms of cycles and linear
trends.

In 1970 it was common to come across the
large eroded and colourless shells of the giant Af-
rican land snail (Achatina fulica, which Nuaulu
call (nunu) keon, from Malay keong) in gardens
and along forest paths. These shells were being
used at the time, along with other freshwater and
terrestrial shells, to make mineral lime by burn-
ing (see above). The lime served, and continues to
serve, as an ingredient when chewing the betel
quid as a mild stimulant (usually the crushed
fruit of Areca catechu and the catkin-like inflores-
cence of Piper betle). However, Achatina shells
were not otherwise obviously being used and I
did not enquire further. I saw no live specimens in
1970, nor on subsequent field trips during the
1970s. By 1990 the species was everywhere,
both live specimens and shells, on plantation
land especially, where it was impossible to avoid
treading on them. This prompted me to enquire
further, and it was clear that the snails were be
being harvested for their edible flesh, but more
importantly were also the cause of significant
crop damage in garden land. What this pattern
reflected, therefore, was a boom-and-bust cycle,
a population explosion typically accompanying
initial introduction followed by a crash. The util-
ity of the species, what Nuaulu knew about it,
and what I was able to find out, were all being
affected by its reproductive dynamics.

The same is true for the market economy.
During the early 1970s there was little outside

demand for wild honey from Apis cerana bees, which
was used mainly by Nuaulu as a medicinal prod-
uct. In 1996 there was a great demand, due
mainly to the growth of the administrative
centre at Masohi on Elpaputih Bay. However, the
obvious demand quickly encouraged many
others to take advantage of market conditions,
and soon supply was outstripping demand. This
in turn led to disappointment amongst harvest-
ers, who lost interest in supplying the market.
Like the virtues of Achatina shells, this know-
ledge would not have come my way had it not
been for the serendipity of my field visits coincid-
ing with the right phases in cycles of growth in
demand. Though harvesting honey employed
existing Nuaulu knowledge of nests, bee behav-
iour and extraction techniques, at the same time
it stimulated and augmented knowledge that
had become moribund.

A related point can be illustrated with re-
spect to rattan. The range of species available to
Nuaulu on the island of Seram is limited com-
pared with the diversity found in the two large
islands on either side, Borneo and New Guinea.
For example, in a recent study Schreer (2016)
reported Ngaju Dayak in Indonesian Kaliman-
tan as recognizing and using 32 named folk
types of rattan corresponding to six scientific
genera. In terms of species per genus these were:
Calamus (17), Korthalsia (six), Daemonorops (six),
Plectocomiopsis (two) and Ceratolobus (one).
By comparison, Nuaulu distinguish nine named
folk-categories, indicating six species of Calamus
and four species of Daemonorops. This difference
arises partly because Seram lies in Wallacea, a
biogeographical zone of transition between the
tectonic plates of Sunda and Sahul which has
served as a barrier to species movement, and
which is depauperate for many groups of terres-
trial macro-organisms (Ellen and Puri, 2016).
It also reflects the fact that Schreer’s study site
lies in the centre of an area well known for rat-
tan production and export. Nuaulu rattan
knowledge and production was in 1970 also ex-
tremely important, a vital resource for house
building, basketry and for the manufacture of a
wide range of other objects. Rattan was also in
demand by outsiders, including the Indonesian
government, who would recruit Nuaulu to col-
lect rattan for the construction of bunkrooms
(asrama) for police and the military. There were
also some small-scale local enterprises in Ambon
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importing rattan from Seram to manufacture
cane furniture. Although rattan exports have in-
creased over the last few decades (along with
other non-timber forest products) in Indonesia
as a whole, there was little evidence that this had
impacted on the central Moluccas. By 2015,
government demand for rattan in south Seram
had dried up. Figures for export are absent from
consulted records for 1983-1993, and for 2013
only 12 t are noted as having moved through the
port at Amahai (Badan Pusat Statistik, 2014),
despite the holding of an INIDO-INBAR Rattan
Furniture and Crafts Skills Training Workshop
in Ambon during 2006, and government at-
tempts to encourage post-harvesting processing
by banning export of the raw product. Moreover,
by 2015 most ordinary Nuaulu houses no
longer relied on rattan for securing posts, beams
and rafters; they used nails and sawn timber in-
stead, while small baskets and other containers
formerly made of rattan and bamboo, were in-
creasingly being replaced by plastic. Finding,
harvesting and preparing rattan for use is a
time-consuming and labour-intensive occupation
that requires technical skill in the harvesting
and post-harvest processing, as well as in identi-
fying and locating the correct species. Once such
skills are lost they are difficult to replace. But
despite all the factors that might be expected to
lead to a decline in rattan knowledge, in 2015 it
was still thriving, competence being widely dis-
tributed and its transmission apparently unim-
paired. The reason for this was ritual rather than
economic. Every clan has at least two sacred
houses, and major rituals require the use of bas-
kets made in part from rattan. As the population
had tripled since 1970, without substantial reli-
gious conversion (Ellen, 2012), the need for rattan
to support ritual objectives had actually increased.
The reasons for such robustness in ritual is an
issue that I have addressed elsewhere, but to pro-
vide some idea of its impact on rattan production,
on one occasion alone in April 2015 over 40
lengths of rattan (6 m long) were collected over a
3-day period to rebuild the Matoke-pina sacred
house in the village of Rouhua. This case exempli-
fies a principle described as cross-domain resili-
ence (Ellen, 2009): if a resource is used across a
range of divergent purposes (say, construction,
food and healing) it is less likely to be vulnerable to
knowledge loss than where the resource is supp-
orting a single purpose.

Conclusion

There are several threads connecting these vari-
ous cases, each of which seem to advocate cau-
tion in regard to the established enthusiasm for
documenting local or indigenous environmental
knowledge.

Firstly, all of the examples described engage
with the theme that knowledge changes, but
what is also clear is that what changes about the
knowledge is not always predictable. Change
may take place as part of established ecological
or economic cycles, or it can be apparently linear
and innovatory. In either case, while some fairly
predictable factors may influence its decline or
modification (schooling, the market, religious
conversion), in other cases circumstances con-
spire to resist change. Thus, while new forms of
charcoal and paraffin-fuelled stoves are re-
placing conventional wood fires, and fires are lit
with cigarette lighters, the domain of firewood
knowledge is likely to remain resilient for the
foreseeable future. On the other hand, while
changes in local subsistence and market condi-
tions diminish reliance on traditional materials
such as rattan, a constant theme throughout
these cases is the way in which robust ritual
practice is maintaining knowledge in sometimes
quite unexpected ways. While resin is no longer
a source of general house illumination, it is still
essential in sacred houses; and while traditional
skills (e.g. rattan-stripping) are less and less rele-
vant for house-building, ritual needs are keeping
these alive. It is still forbidden to use any form of
cooking or heating device in ritual houses other
than the wood fire. What all this speaks to is the
importance of recognizing that knowledge is
never free-floating and always embedded in
wider contexts, whether these be the political
consequence of the Indonesian policy of otonomi
daerah that has permitted Nuaulu to re-connect
with forest last regularly traversed 150 years pre-
viously, or the maintenance of temporarily pro-
tected areas of forest in order to deliver the
supplies required for major feasts and ceremonies
(sin wesie), but which serendipitously conserve
species and patch diversity in lowland forest
(Ellen, 2010). We must always be circumspect
regarding claims for generic patterns of change.

Secondly, all change involves knowledge
hybridization, a concept that is now seriously
in danger of losing its value through overuse.
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The kinds of hybridity heralded in an earlier
generation of local knowledge studies were sig-
nificant mainly in pointing to how macro-scale
historically separated systems of knowledge con-
joined through asymmetric social relations could
combine in productive ways, as at the interface
between trader and producer, or between say the
incorporation of the outcomes of field trials in
agricultural research centres with local farmer
knowledge. But often the hybridized outcomes
concealed a more complex and longer history of
mutual knowledge interaction. And even within
local systems, hybridization is a continuous
feature of biocultural knowledge creativity, as
lessons learned with respect to one group of or-
ganisms are transferred to another, or know-
ledge is shared between social groups and
individuals of various degrees of remoteness.
Finally, what we construct as local know-
ledge is in part a consequence of the opportun-
ities that arise to observe and record it, partly a
consequence of what we are seeking, and partly

a consequence of the models we introduce to
make sense of it. For me, Canarium, firewood and
rattan each presented themselves in different
fieldwork and temporal contexts, and analysis
has required dispensing with one aspect or an-
other of conventional approaches to studying
local knowledge. Fifty years after the much ma-
ligned paper by Metzger and Williams (1966) on
Tzeltal firewood categories, we still find that fire-
wood is a neglected and under-researched plant
resource category, and in some sense not a proper
‘use’ at all. Metzger and Williams, of course, were
mainly concerned with the development of proto-
cols for ethnographic research in the ethnoscience/
ethnosemantic tradition, and with showing how
the lexical and semantic content of a particular
cultural domain had a distinctive structured char-
acter. They were not particularly concerned with
understanding how poor farmers make decisions
about the selection of fuel, or with seeking to dem-
onstrate the relevance of a particular area of indi-
genous knowledge for applied anthropology.

Notes

' British Museum Specimen 1972 As.1.3.1.
2 British Museum Specimen 1972 As.1.30.
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4 ‘Keeping our Milpa’: Maize Production
and Management of Trees by Nahuas
of the Sierra de Zongolica, Mexico

Citlalli L6pez Binnqtiist*, Rosalinda Hidalgo Ledesma
and Fortunata Panzo Panzo

This chapter aims to contribute to the discussion
about the importance of recognizing knowledge
systems as part of diversified agroforestry land-
scapes. Our focus is milpa, a maize-centred poly-
culture system of pre-Hispanic origin which has
historically constituted an essential source of
food and has persisted until the present. Our
area of study is the Sierra de Zongolica (SZ), an
understudied, mountainous, indigenous Nahua
region within the state of Veracruz, Mexico.

Milpa is a traditional food production sys-
tem that is in constant adaptation. In SZ, timber
trees have been increasingly incorporated, a
change that has reconfigured the regional land-
scape and is modifying the forms of agroecologi-
cal production. The first part of this chapter
describes the area’s history of land use and the
milpa production system as the central part of
the productive landscape and life of the indigen-
ous Nahua families of SZ. Next, the main factors
that are promoting the introduction of timber
trees into milpa and the associated adaptations
of land management are described. The conclu-
sion elaborates on the various impacts of the
introduction of trees and current trends in SZ
agroecological practices.

Most of the information in this chapter was
gathered during our teaching-facilitating pro-
jects in SZ. Our teaching has used material from

* Corresponding author; e-mail: cilopez@uv.mx

research conducted by outside academics, as
well as the theses of Nahua students from Uni-
versidad Veracruzana Intercultural (UVI), which
has a campus in SZ. Since 2009, we have collab-
orated with forestry technicians and students
from UVI to strengthen the intergenerational
transmission of indigenous knowledge (including
local history, and natural resource management
as applied to agroforestry, and to the production
of handicrafts). We have worked as much as pos-
sible in the Nahuatl language. We use diverse
forms of peer-to-peer learning including story-
telling, map making, student-produced video
documentaries and exchanges with indigenous
communities outside of SZ.

Agroecological Knowledge in Context

Agroecological knowledge generated by indigen-
ous communities is part of what Berkes et al.
(2000) called traditional ecological knowledge
(TEK). Continuous observation of the environment
and ecological cycles, combined with trial-and-
error processes, leads to an accumulation of
practices that are transmitted generationally,
often becoming critical for group survival and
often ending up transforming landscapes and
ecosystems (Perfecto et al., 2009).
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At present TEK and livelihood strategies in
peasant societies cannot be isolated from the
international and transnational processes of
globalization (Bacon et al., 2012). New product-
ive activities can usually be traced to these exter-
nal processes which incentivize the production
of goods for global markets — products that in
many cases were first introduced by migrants
(Trujillo, 2008; Bacon et al., 2012). As noted by
Alexiades (2009), the most powerful market
forces tend to increase homogeneity in know-
ledge systems and in lifestyles.

Rural landscapes come to reflect current
agreements, negotiations, tensions and conflicts
at different levels: among the members of each
family, and within and between communities,
regions and nations. Therefore, as mentioned by
Hecht et al. (2012), rural households manage
social and landscape ecologies at an increasingly
complex and global scale.

In Central America and Mexico, one of the
characteristics of agricultural landscapes, even
when fragmented and small, is that they can
maintain a multiplicity of land uses and often
are populated with trees in various ways (hedge-
rows, demarcation of land, orchards, agrofor-
estry systems, etc.) (Hechtetal., 2012). Relatively
small areas can develop considerable floral taxo-
nomic and structural diversity (Toledo et al.,
2003), either by intensification in handling
certain species or combinations of species, or by
the introduction of new commercial species. The
case presented in this chapter is part of an on-
going pattern in Latin America in which forest
and tree management dynamics are linked to
social, political and economic changes occurring
at different scales, prompting new agroecologi-
cal practices and economic activities at the
regional level.

We work in an indigenous area noted for its
biocultural richness. Mexico ranks fifth in the
world amongst ‘megadiverse’ nations with be-
tween 10% and 12% of the world’s endemic spe-
cies, and is equally notable for its ethnic diversity
with 68 indigenous official national languages
(Boege, 2008; Sarukhan et al., 2009). Within
Mexico, the areas of greatest biodiversity fall
mostly in areas with a majority of indigenous in-
habitants (Sarukhan et al., 2009). In addition,
across Mexico the best predictor of maize race
diversity is ethnicity diversity (Ureta et al.,
2013). Therefore indigenous communities play

a central role in the management and preserva-
tion of cultural and biological diversity in their
territories.

Location and Climatic—Altitudinal
Zones of the Sierra De Zongolica

SZ constitutes the southern end of the Sierra
Madre Oriental mountain range (Fig. 4.1) and
has been inhabited by the Nahua since pre-
Hispanic times. SZ comprises 14 municipalities in
a 957 km? area, with 181,485 inhabitants (INEGI,
2010). It is the region with the highest concen-
tration of Nahuas and has the highest percent-
age of bilingual speakers in Mexico (Alatorre
Frenk et al., 2015). Geologically, SZ is a karst
area with steep slopes, deep valleys, closed de-
pressions without apparent external runoff, and
large numbers of caves and springs. Its rugged
terrain overlooks the Gulf of Mexico with alti-
tudes ranging from 500 m to 2500 m above sea
level. SZ has one of the highest rainfall values
among indigenous regions in Mexico (4000 mm
annually) (Boege, 2008) and it is the headwaters
of the culturally and industrially important
Papaloapan River.

The region can be subdivided into three
altitudinal and climatic zones (Ortiz Espejel,
1991): (i) the ‘cold zone’ over 1800 m above sea
level, where the vegetation is dominated by
pines and oaks; (ii) the ‘temperate zone' be-
tween 800 m and 1800 m above sea level that
includes most of the region’s cloud forest; and
(iii) the ‘warm zone’ under 800 m above sea
level, where most of the vegetation is middle- to
low-elevation tropical evergreen forest. This dif-
ferentiation in altitude and climates has chan-
nelled distinct histories of land uses and land
tenure. In each zone, the Nahua have developed
different techniques for the management and
use of the diverse wild species, and the cultivars
of domesticated species, suited to each microcli-
matic region.

Settlement History and
Livelihood Strategies

It is not known with certainty when the first
humans settled in SZ, but there is evidence of
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Fig. 4.1. Sierra de Zongolica location. Municipalities located in the cold zone: Tehuipango, Astacinga,

Tlaquilpa, Xoxocotla, Soledad Atzompa, Atlahuilco.
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zones: Mixtla de Altamirano Texhucan,Tequila, Los Reyes. Municipalities located in the temperate and
warm zones: Zongolica, San Andres Tenejapa, Tlilapan, Magdalena.

northern groups moving into the region and
trading with the Nahua inhabitants of the
nearby Tehuacan Valley around the time that
these Nahuas were domesticating maize, be-
tween 6000 and 10000 Bp (Morales Carbajal,
2014). During the Spanish Colony, the first
areas in SZ that were occupied and exploited by
the Spanish were in the warm zone. The cold
zone was not suitable for commercial and pro-
ductive purposes, was isolated by rugged terrain
and was difficult for transportation. In the warm
zone, Spaniards first introduced sugar cane and
cattle. Later, during the early 18th century, to-
bacco was grown in large haciendas using indi-
genous slave labour. The low areas of SZ became
the main tobacco supply for the Spanish Crown
until the production fell when the market be-
came saturated, and when commercial relations
were severed with independence from Spain
(Early, 1982; Rodriguez Lopez, 2003). (Mexican

independence was recognized in 1821, and slav-
ery formally ended in 1829.)

The Mexican Revolution and the Agrarian
Law of 1915 marked the beginning of the redis-
tribution of land back to the Nahua. Peasants
who had worked for the owners of the large ha-
ciendas in the warm zone organized into com-
munities (ejidos) that continued to work the
same land — which they now owned commu-
nally. Other peasants moved into and claimed
previously uninhabited areas. In the cold zone,
land was distributed in the form of private prop-
erty to Nahuas who had a legitimate claim of af-
filiation with the area (Aguirre Beltran, 1995;
Rodriguez Lopez, 2003). Later in the 20th cen-
tury there was no more land to distribute. With
plots transmitted from parents to children there
has been increasing fragmentation and smaller
average landholdings over time (Rodriguez Lopez,
2003). Today, in the warm zone municipality of
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Zongolica, 14 ejidos represent 88% of the total
area, while private land tenure dominates in the
cold zone.

Social and economic conditions changed
dramatically in the 1980s when new neoliberal
policies led to the restructuring of regional econ-
omies. The prices of traditional agricultural ex-
ports (coffee, sugar, cotton, banana) fell, and
government programmes began to promote new
agricultural products for export (vegetables and
flowers). The peasants in several regions of Mex-
ico, including SZ, were forced to diversify their
occupations, seeking jobs in urban areas and via
international migration. Many began grazing
small livestock, and manufacturing and distrib-
uting handicrafts and forest products such as
charcoal within the region and rustic wood fur-
niture at the national level.

Throughout history, the main form of
livelihood of families in SZ has been subsist-
ence agriculture. Milpa and backyard gardens
play an important role in food production for
both humans and domestic animals even when
the maize production is insufficient. The prac-
tice of milpa has persisted despite the introduc-
tion of commercial crops and despite more
recent lifestyle changes associated with urban-
ization processes. Milpa continues to be at the
centre of the productive and cultural life of al-
most all SZ households, especially in the cold
zone (Rodriguez Lopez, 2003, 2016; Martinez
Canales, 2013).

Milpa — Food Crop Biodiversity
and Farming Practices

Milpa (from Nahuatl ‘maize field’) is a Mesoa-
merican agroecosystem where maize, beans and
squash are the principal crops. In addition to
food, milpa provides fodder for animals, medi-
cinal products, dye ingredients, flowers/orna-
mentals and wood for agricultural tools. Milpa
integrates specialized knowledge of the require-
ments of the diverse managed plants, sophisti-
cated soil management and the development of
cultivation techniques that are effective at all
levels — from species to ecosystem. In SZ all of the
above facets come into play because of the high
environmental heterogeneity and the diverse
socio-economic conditions.

Milpa constitutes a biologically diverse habi-
tat, with native Mesoamerican species (some wide-
spread, others local/endemic) and introduced
species from around the world (some introduced
recently, others brought during the Spanish
conquest). In the milpa, domesticated plants
grow as well as incipient and semi-domesticated
plants, such as the traditional Mesoamerican
‘edible weeds’ known as quelites. Working in two
different SZ cold zone municipalities, Pérez
Pacheco (1992) and Navarro Pérez and Avendano
Reyes (2002) found that residents were making
use of 154 plant species in Astacinga and 197
plant species in Tlaquilpa. Larios et al. (2013)
found 281 species in Nahua home gardens in
Tehuacan Valley 50 km away.

Dzib Aguilar (1994) identified eight races,
one sub-race and a variant of maize in SZ and
found that their distribution varies with the type
of cultivation (if tilled, or slash-and-burn), the
type of terrain, the type of slope, the zone and
the cultivation period. Boege (2008) noted that
SZ is one of the indigenous areas where local
maize races have diminished. However, even
though government programmes have introduced
standard maize seeds, the peasants in some lo-
calities are, in effect, resisting this standardiza-
tion. As reported by Alvarez Morales (2013),
peasants keep their seeds, continue exchanging
seeds amongst themselves, and in some cases
are experimenting with hybrids of government
and local cultivars.

As for beans planted in the mountains,
Araujo and Baez (1994) identified four species in
three genera (with six varieties/subspecies): Pha-
seolus vulgaris L. (wild), P. vulgaris var. vulgaris,
P, coccineus L. subsp. coccineus, P. coccineus L. sub-
sp. darwinianus Hdez. X. and Miranda C., Cajanus
cajan (L.) Millsp. and Vigna umbellata. Among
other species growing as part of the milpa are
squash (Cucurbita moschata Duch ex Poir, C. mixta
Pang., C. ficifolia Bouché), fava bean (Vicia faba L.),
pea (Pisum sativum L.), barley (Hordeum vulgareL.),
oats (Avena sativa L.), potato (Solanum tubero-
sum L.) and manzano hot pepper (Capsicum pu-
bescensR. and P). In the warm and temperate zones,
there are also coffee plants (Coffea arabica L.,
C. canephora Pierre ex A. Foehner) and banana
(Musa spp.). The Nahua consume wild and
domesticated avocados (Persea spp.) and SZ is an
important area for preserving avocado ger-
mplasm diversity (Aguilar Gallegos et al., 2007).
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The two main maize cultivation techniques
are the swidden-fallow system (also known as
slash-and-burn fallow) and the tilling system.
The latter varies with regard to the tools used: a
plough or a hoe. The hoe is more common since
a plough can only work in level areas and less
rocky soils. Plot size and location often affect
how maize is cultivated. For example, burning is
not applied when a plot is very small or near vul-
nerable crops such as fruit trees or coffee. Own-
ers of 1 ha or less of land plant every year
without letting the land lay fallow, as they have
no other land to turn to. In contrast, those who
have more plots or a larger area utilize only one
part of their land while letting the other parts
lay fallow.

The swidden-fallow system is the most
common cultivation system in the rocky soils in
the cold zone. The cycle begins with the clearing
of the fallow land (acahuales) with a machete.
Useful felled timber is salvaged from the wood-
piles before burning and some tree saplings are
left alive and pruned. These thin tree stalks act as
supports for such crops as beans and squash and
kick-start growth when the field is returned to a
fallow condition. On sloping land, a burning
technique called contra fuego is performed where
flame fronts coming from the upper and lower
parts meet and die out in the middle (Alvarez
Morales, 2013). A digger is used to make the
holes to deposit the maize seeds.

Rotation (used here to mean cycling between
cultivation and fallow periods) compensates for
the many areas with poor soils in the mountains
(by returning nutrients, especially nitrogen).
Diversification (cultivating many plant species)
compensates for the limitations of the nutri-
tional properties of the principal crop, maize (by
including plants with a complementary balance
of nutrients, especially amino acids). By practis-
ing both rotation and diversification, the Nahua
of the SZ have ‘fed’ their soils and fed their fam-
ilies for thousands of years.

However, fallow periods have been decreas-
ing (Dzib Aguilar, 1994), often to as little as 2—4
years (Rodriguez Lopez and Alvarez Santiago,
1992). This can be ascribed to several factors: (i)
with each passing generation, fathers have been
dividing private plots amongst their sons, and
the average plot size has been getting steadily
smaller, with many plots only being capable of
sufficient production if constantly cultivated;

and (ii) greater demand has disincentivized let-
ting land lie fallow, particularly now that chem-
ical fertilizers can substitute for rotation.

Milpa — Socio-cultural Dimension

Milpa is not just an important source of food but,
as expressed by Rodriguez Lopez (2016, pp. 74—
75): ‘Cultivating a piece of land refers to more
than its objective representation in terms of sur-
vival and consumption. It also refers to its sym-
bolic and ritual dimension. While the land is
life-giving through the maize, sacred food is
offered to the same ground as a sign of thanks in
the different stages of the agricultural cycle.’ The
author continued by saying that even if the land
and the milpa have lost their original function as
the main source of resources for survival, for the
Nahua, possession of the land has a deep mean-
ing that is expressed in cultivating, harvesting
and consuming the bounty of the milpa.

According to Baez-Jorge (2000), the pre-
Hispanic cosmovision persists in the rituals dedi-
cated to land and these rituals are preserved by
the permanence of the practice of cultivating
maize in the milpa. Land and maize constitute a
unity in ritual terms and are part of a set of op-
erational and symbolic meanings. Present-day
Nahuas maintain a worldview where the moun-
tains, forests, springs, animals, plants and all liv-
ing forms are safeguarded by owners who work
in duality: Tlalokan Tata (the male deity) and
Tlalokan Nana (the female deity). The milpa, and
the land where it grows, is at the centre of this
Nahua cosmovision.

The relationship of human beings with
everything else, a relationship that is governed
by the two deities, is protected through request-
ing permission, apologizing and expressing
gratitude during the wxochitlalis. These rituals
consist of offering flowers on to the ground and
are carried out for agricultural purposes, such as
asking for forgiveness for hurting the earth and
asking for good harvests. These rituals weave
and reinforce the social fabric and affirm the
unity between the supernatural and earthly.

At the heart of the milpa and the Nahua
worldview is the concept of reciprocity which is
the hub that connects the relationships between
the individual, society and the environment.
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Reciprocity is a way to keep family ties and to
maintain networks within and between commu-
nities. It is observed on the symbolic level with
the organization of the wochitlalis and other
rituals, and materially in the daily life of the
Nahua. For example, as mentioned by Rodriguez
Lopez (2016), milpa enables families to partici-
pate in community festivals — preparing food and
offering ceremonial meals.

Even in an unprofitable milpa harvest, sal-
vaged seeds, fruit, cereals, flowers and medi-
cinal resources can be shared with relatives
and neighbours. This exchange may be more
highly valued than money, because some of
the products are not commercially available,
or are products that happen to be key to sur-
vival at that time, and because practicing milpa
and engaging in such exchanges serves to re-
assure the Nahua that they are maintaining a
close and collaborative relationship with their
neighbours.

Historical Background of Forest
and Tree Management

One of the more noticeable changes in recent
decades in the SZ landscape is a result of the in-
creasing interest of peasants in growing trees on
their land. According to our observations and
interviews in the field, this trend is mainly due
to: (i) the interest of the inhabitants of SZ to re-
gain control over their forest resources that had
been exploited clandestinely by external inter-
mediaries; (ii) the work done by regional organ-
izations to improve the lives of the inhabitants of
SZ by fostering economic alternatives, and by
incorporating natural resource management;
and (iii) national government programmes pro-
moting timber tree plantations.

Commercial logging began in SZ in the late
19th century with the arrival of external log-
ging businesses who supplied lumber and fuel-
wood to the nearby Cordoba—Orizaba industrial
corridor. All over Mexico commercial logging be-
came increasingly exploitative and in 1952 the
federal Ministry of Agriculture and Forestry De-
velopment declared an indefinite ban through-
out the country, which, in the state of Veracruz,
lasted until 1978. During the ban, 90% of the
forest areas in the state were declared closed, but

one of the few areas where it was not enforced
was SZ. This was a terrible time for the region.
Loggers often used violence to get their way, fre-
quently opening new roads and removing trees
without permission. The inhabitants were paid
little or nothing. These loggers followed a prac-
tice that removed the largest, most valuable trees
in the fastest, cheapest and most destructive
way. Tree removal tore up the soil and the re-
maining trees in a way that decreased forest re-
generation and increased erosion. The long-term
effects were not only the degradation of standing
forests and their ecosystems, but also outright
deforestation because the torn-up soil incentiv-
ized conversion to non-forest uses (Hidalgo
Ledesma, 2016).

Starting in the early 1980s, there were im-
portant improvements in the prospects for for-
estry. There was the start of a national logging
policy with new regulations and standards
aimed at increasing production, with more ac-
tive involvement of forest owners (Jardel, 1986).
In the 1990s, in order to stop the advance of de-
forestation and to secure and expand both envir-
onmental services and products from forests, the
largest part of governmental support was chan-
nelled to the establishment of tree plantations.
In this millennium, policies have begun to priori-
tize sustainable development with funds ear-
marked for reforestation and/or preservation,
especially in areas at risk, and of economic im-
portance, such as mountain areas and their
watershed headwaters (Merino Pérez, 2004).
Reforestation in SZ picked up pace after regional
forestry organizations began to promote the
benefits, and after federal support for reforest-
ation and timber tree plantation programmes
began to be channelled through municipal gov-
ernment institutions.

After three decades, the resulting extensive
reforestation is one of the more noticeable
changes in the region’s landscape.

It changed the hillsides, before we had to look at
bare rock and mudslides, and now it looks more
beautiful here in Tlaquilpa, it looks greener. We
already started timber and others have begun to
plant trees. Springs that were dry now have
water again and now we even have trout.
(Alejandro Salas Romero, Tlaquilpa
Municipality, 2012)

Within Mexico, Veracruz is the state that
has received the most support for the introduction
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of forest plantations, accounting for 20% of the
total planted area nationwide between 2000 and
2013 (CONAFOR, 2012) and SZ is considered a
priority region within the state. In 1994, 599 ha
were reforested in SZ; by 2010 this area had in-
creased to 3556 ha (INEGI, 1994, 2010). These
figures do not include the many hectares of trees
planted by Nahua families without government
support.

In the cold zone, most of the planted trees in
commercial plantations and reforestation areas
are a single species of pine known locally as ocote
(Pinus patula). In the temperate and warm zones,
the two main species are mahogany (Swietenia
macrophylla) and cedar (Cedrela odorata). In these
zones, apart from the species obtained through
the national forestry programmes, peasants are
experimenting with the introduction of native
timber species, especially white xochikuawitl
(Cordia alliodora) and black xochikuawitl (Cordia
megalantha), as shade trees in coffee plantations
(Elizondo Salas, 2015).

Changes and Continuity in the Use
and Management of Milpa and Trees

Trees are a prominent part of the landscape in
SZ, naturally growing or managed under re-
gimes of different intensity in a wide range of
land uses; Fig. 4.2 attempts to represent the wide
management practices related to trees. At the
left are the traditional land uses where diverse

Forests
Acahuales
Milpa

(High diversity of
tree species)

Subsistence - Commercial
production

Traditional - Innovative
management

tree species are growing as successional phases
of milpa/acahuales or as part of remnants of for-
est patches. At the right are the most recent
strategies for introducing timber trees, generally
a reduced number of species. The circle in the
middle represents combinations of management
practices (traditional and recent ones), where
different uses and goals combine or conflict.

The size and number of plots dedicated to
timber trees is decided by each family, accord-
ing to the number and size of parcels they own.
Labour is one of the most important factors
and this depends on the family composition and
the mosaic of activities carried out by the vari-
ous members. The household’s food require-
ments, and the production costs of the maize
and other crops, as well as the need among
some families to reserve spaces for grazing
sheep and other domestic animals, are also
taken into account.

Some timber tree plantations cover a large
area, and sometimes belong to a single owner.
Others are owned by consortia of peasants who
have organized sets of parcels to access govern-
ment support for introducing timber trees. How-
ever, as most of the inhabitants have plots
measuring an average of 1-2 ha, trees are more
often individually planted in the spaces that are
available to the household: home gardens, fal-
low fields, maize fields and edges. In these spaces,
the trees become an integral part of agricultural
and domestic uses. During their growth they
supply firewood. Thin trunks are used as poles in
huts and as props during building construction.

Forest plantations
Reforestation
Wind breaks

(Low diversity of
tree species)

Fig. 4.2. Forest and tree management in the Sierra de Zongolica.
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Along property boundaries they function as
fences, wind barriers, etc.

In more recent years in the cold zone, pines
(ocote) may be combined with maize. Usually the
two are interspersed and the maize is planted
among the pine trees only during the first 5
years of tree growth (while the trees are short
enough that they do not shade out the maize).
The latest strategy consists of planting pine rows
with more separation in such a way that after
the first 5 years of maize production, maize is re-
placed with pasture, with the trees preventing
freezing of the grass during winter, enabling
year-round grazing by the sheep.

I lend this field to my neighbors to plant maize
and at the same time I plant ocote. They clear
the maize field at the same time I clear the
ocotes, so everything grows faster and I save
labor. I can plant maize and ocote for 5 years for
as long as the young trees don’t overshadow the
maize. Also the ocote is very jealous; when it has
grown to the point where it has covered the
ground with needles nothing else can grow. For
me it is good because I can tend maize and ocote
together as little brothers. If T lend out a part of
my land where I have planted timber to another
peasant who plants maize in between my trees
he acts as a guard keeping an eye on my trees.
(Edgar Xocua Antonio, Tequila
Municipality, 2014)

In the warm zone, peasants are growing
tropical timber and other tree species as shade
trees within coffee plantations:

In the past, in order to plant milpa we cut down
trees without exploiting the felled trees. Then we
started to think about how we could work to get
more out of the earth, so we organized and
diversified production. So for five years we have
planted camedor palm trees, timber trees,
banana and coffee. The timber trees take the
longest to make a profit. Coffee and camedor
palm are medium term. The short term are the
bananas, which can take a year and we can eat
and sell as we harvest them.

(Jesus Garcia Choncoa, Zongolica

Municipality, 2013)

Conclusion

This chapter has explored the importance of mil-
pa as part of a traditional knowledge system, its
adaptation and innovation and its most recent
dynamics related to the introduction of timber

trees. Today Nahua diversified forestry and agri-
cultural production systems integrate a wide
range of traditional and recent management
practices to grow tree species at different man-
agement intensities (Fig. 4.2).

From a landscape history perspective, diver-
sified forestry and agroecological systems have
evolved as peasants responded to local needs and
external social and economic pressures. From
previous research and local narratives, we know,
for example, that present shaded coffee plant-
ations are located in areas that were devoted to
tobacco production in the 19th century (Dzib
Aguilar, 1994). Other coffee plantations are lo-
cated in parcels opened more recently to cultiva-
tion by slash-and-burn, especially the ones on
the slopes. Rodriguez Lopez and Alvarez San-
tiago (1992) and Dzib Aguilar (1994) observed
during the 1990s that patches of natural forest
used for charcoal production were often trans-
formed into milpa as the next step in their man-
agement. Other parcels are reverting to forest
cover after being abandoned due to migration
(Cordova Plaza, 2012). In other cases, parcels
owned by migrants are being planted with tim-
ber trees (Martinez Canales, 2013; Elizondo
Salas, 2015). As explained by some peasants
from the cold zone, some of the first areas where
timber trees were introduced about 20 years ago
are now used once again for milpa, while other
areas have a long history of continuous milpa
cultivation. This sequential utilization of useful
plant species, including trees, corroborates the
practical significance of local knowledge as a
mode of adaptive management (Berkes et al.,
2000). Peasants are exploiting both spatial and
temporal opportunities, taking advantage of the
large number of plant species and varieties that
will grow in a fragmented landscape with differ-
ent microclimates and soil types, and at different
stages of plant succession (Ellis, 1998). In this
way the management of milpa, in the cold zone
of SZ, has constituted the pivot point for agroe-
cological changes at the landscape level.

Forests and trees have always been a funda-
mental part of subsistence in SZ and are per-
ceived as an important part of Nahua life and
identity. Starting in the 1980s, new perceptions
of their importance have emerged. Given the
historical dispossession of their resources, culti-
vating trees became a strategy to regain and
maintain control over Nahua territory. In addition,
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peasants are more aware that timber trees can
be a commodity. Most of the Nahua have no cer-
tainty that they will eventually be able to sell the
timber but they consider that these trees are a
valuable asset for their children to inherit.

The interest in introducing trees is increas-
ing and is being carried out by Nahua peasants
with or without government support. We have
observed significant differences between govern-
ment programmes’ goals and local objectives
and expectations. Government programmes and
extension services measure success in terms of
the number of trees planted. On the other hand,
Nahua peasants introduce trees to maintain
vegetation cover, to control soil erosion and con-
serve water sources while obtaining different
uses from the trees such as firewood and build-
ing materials. The downside of the introduction
of timber trees can be lowering of biodiversity
and the displacement of milpa, especially in par-
cels where migrant owners leave SZ for long
periods and devote the land entirely to timber
tree plantations.

Preserving the practice of milpa in the cur-
rent context depends on many factors in a com-
plex local and global environment and will be
increasingly influenced by decisions regarding
the removal, maintenance or introduction of
vegetation cover. Micro and macro dynamics are
taking place forcing or promoting changes re-
garding tree management, including government
programmes that support the establishment of
environmental services, reforestation and con-
servation areas, especially at the origin of catch-
ment basins of high ecological and economic
importance.

A constant in SZ and throughout the Mexi-
can countryside is the multiplicity of activities
carried out by rural families for their daily sur-
vival. Through mutual support and networking,
households create a broad portfolio of activities
to generate income and produce various goods
and services. In today’s globalized economy,

peasants no longer depend on their land alone
but countless informal or extra-rural activities
ranging from migration to integration into
long-term employment or temporary commer-
cial activities in their own communities (Hecht
etal., 2012).

International migration has very different
effects in different households. In some cases,
cultivation of milpa continues uninterrupted in
the hands of women, or labourers paid with re-
mittances. But our experience suggests that mi-
gration is a threat to the persistence of the
knowledge and practices associated with milpa,
which depends on intergenerational transmis-
sion. The departure of migrant parents usually
occurs when children are young (Martinez Can-
ales, 2010; Cordova Plaza, 2012) and they grow
up with little or no experience accompanying
their parents in their agriculture—forestry activ-
ities. At the same time, current school pro-
grammes, which are designed at the national
level, are decontextualized from the students’
local social and natural environments. Within
this context, we continue working with Nahua
peasants, especially youth, as their enthusiasm
to learn their language and agroecological trad-
itional knowledge are key to preserving their ter-
ritory and biocultural inheritance.
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5 The Contested Space that Local
Knowledge Occupies: Understanding the
Veterinary Knowledges and Practices of

Livestock Farmers in the Eastern Cape
Province, South Africa

Andrew Ainslie*

When concepts such as ‘the knowledge economy’
and ‘intellectual property’ roll so easily off the
tongues of such diverse social actors as politi-
cians, bureaucrats, scientists, the legal fraternity
and the advocates and spokespersons for ‘indi-
genous’ rights around the world, it is clear that
the production and ‘management’ of knowledge
has moved centre stage. As innovations in infor-
mation technology continue their rapid evolu-
tion, there are now arguably more instances of
contestations over knowledge management, a
situation which points to the ever greater strategic
value of certain knowledges.

But a significant product of the ‘knowledge
economy’ is the uncertainty that arises because
of the surfeit of (often conflicting) information
available via the World Wide Web, radio, televi-
sion and print media (cf. Beck, 1999). Access to
such information allows us all to fundamentally
question scientific orthodoxies and accepted ‘ex-
pert’ knowledge systems and to weigh up evi-
dence for credibility, salience and legitimacy
(Cash et al., 2003). As a result, what is suddenly
more important than ever is the need for criteria
by which to evaluate, i.e. make value judge-
ments about information that comes to us ‘pack-
aged’ as knowledge (Sillitoe, 2010).

* E-mail: a.m.ainslie@reading.ac.uk

The concern in this chapter is that ever
increasing rates of technological innovation
may distract attention from the contested social
and political-economic contexts in which know-
ledge is produced, reformulated and dissemin-
ated (Shepherd, 2010). It is precisely these
contexts which shape or deliver the criteria for
the evaluation of what might be called the certi-
fication of knowledge. The case study presented
here demonstrates that both the political-economic
context and complex social relationships be-
tween bearers/users of different knowledges are
important to consider in this regard. This chapter
examines how livestock keepers come to hold diff-
erent registers of basic and specialist local know-
ledge in areas of their agricultural practice.
Attention is focused on the tensions that exist be-
tween local knowledge and scientific ideas whilst
recognizing that the knowledge that herders
have and use is a hybrid of these two idealized
forms. It is suggested that such tensions persist in
many, perhaps all, farming contexts worldwide.

The chapter examines the local knowledge
system implicated in the production and husband-
ing of livestock, and specifically in relation to the
management of tick-borne diseases (TBDs) of
cattle. The focus falls on the largely rural Ngqushwa
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Municipality (formerly ‘Peddie District’), which lies
on the eastern seaboard of South Africa and forms
part of the Eastern Cape Province (Ngqushwa IDP,
2002; Ainslie, 2005, 2013); see Fig. 5.1. This part
of the country is recognized as having a virulent
TBD challenge with respect to livestock. To shed
light on these issues, the chapter explores some
salient components of rural farmers’ existing
veterinary knowledge and indeed their assumed
‘ignorance’, which is the flipside of knowledge.
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To begin with, it is especially puzzling why,
after nearly a century of a very regular, govern-
ment-sanctioned and (in part at least) scientific-
ally endorsed dipping programme for all cattle,
most rural African farmers still fail to make an
explicit causal connection between the heavy
loads of ticks on their cattle and the prevalence of
TBDs like redwater, heartwater and gallsickness.
Rather, ticks are seen as a serious irritation in that
they attack the cattle, sucking their blood and
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robbing them of strength. Although this lack of
association between ticks and TBDs seems highly
unlikely after decade upon decade of an official
dipping programme, it is telling that the cattle
farmers interviewed did not see redwater or
heartwater as a problem, with many saying they
had not encountered it in their own herds. This is
surprising, since this area is part of the coastline
that is characterized by virulent heartwater and
redwater which kills cattle in significant numbers
every year.

This, it turns out, is not simply a transla-
tional issue that could be resolved through dia-
logue relating to causes and symptoms between
practitioners using different or hybrid know-
ledge systems. At its heart lies a fundamental
disconnect about what ticks can and cannot do
to a bovine animal. In this chapter, the consider-
able uncertainty around knowledge relating to
animal disease must be understood in relation
to: (i) the political context/legacy of South Africa,
which over the past century has not only shaped
the (communal) livestock health management
regimes and limited the agency of cattle farm-
ers, but also, as a system of knowledge, been
predicated on weak regimes of trust on the part
of farmers in relation to authoritative know-
ledge pronouncements; (ii) substantive (though
inadequately documented and shared) shifts in
the scientific understanding of tick-borne live-
stock disease — see below (Tice et al., 1998;
Brown and Gilfoyle, 2007); and finally (iii) the
dynamic, intrinsically social character of herd-
ers’ specific (natural and supernatural) chal-
lenges and thus practices for managing stock
diseases, ticks and TBDs.

What are Regarded as the Essential
Characteristics of Local Knowledge?

Anthropologists have long problematized re-
search on local (or ‘indigenous’, ‘customary’,
‘traditional’, etc.) knowledge (Marchand, 2010,
p. S3). More critical work has focused on the
hybridity or ‘admixtures’ of knowledge and cul-
tural practice (Agrawal, 1995, 2002). Indeed,
in constructing his model for the analysis of
knowledge, Barth (2002) avoided the increas-
ingly sterile dichotomy of scientific versus indi-
genous knowledge. Attention is now regularly

paid to the various ways in which both scientific
knowledge and folk knowledge come to be inte-
grated in people’s existing epistemologies and
knowledge pathways (Brown et al., 201 3). Sillitoe
(1998) made the important point that much of
this mixing and learning is non-verbal: people
‘transfer much knowledge between generations
by tradition learnt and communicated through
practical experience and are not familiar with try-
ing to express everything they know in words. ..
Knowledge is passed on by informed experience
and practical demonstration; more often shown
than articulated, it is as much skill as concept’
(Sillitoe, 1998, p. 229).

What is clear is that if knowledge is to
serve people in the ever changing circum-
stances of their daily lives, it must be constantly
reconfigured, updated and refreshed, whether
through tacit practice or more conscious, for-
mal learning. But what is it about the proven-
ance and method/media of transmission of
new knowledge, improvisations and technolo-
gies that allow some types/modes to be assimi-
lated into people’s existing knowledge ‘systems’
and their daily repertoires while others are re-
jected? In his influential paper, Barth (2002)
insightfully argued that knowledge consists of
three aspects.

Firstly, it exists as a ‘corpus of substan-
tive assertions and ideas about aspects of the
world that rests partly on valid inference, not-
ably through believing what the people we
trust tell us they know’ (Barth, 2002, p. 3).
He pointed out that in analysing knowledge
systems, we tend to focus on ‘generalisation,
consistency, and a logical coherence’ when in
reality, knowledge is quite rarely so system-
atic (Barth, 2002, p. 7). Indeed, other re-
search has shown that we all get by with a
surprisingly large degree of what social
psychologists and economists refer to as ‘cog-
nitive dissonance’ (see for instance, Akerlof
and Dickens, 1982).

Secondly, knowledge ‘must be instanti-
ated and communicated in one or several
media as a series of partial representations in
words, symbols, pointing gestures, actions’
(Barth, 2002, p. 3).

Thirdly and crucially, knowledge is ‘distrib-
uted, communicated, employed and transmitted
within a series of instituted social relations ... [o]f
trust and identification, and instituted authority
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positions of power and disempowerment’ (Barth,
2002, p. 3).

Barth further observed that people within a
single community may participate in different
ways and modes in multiple social knowledges.
In addition, he noted that ‘branches’ of know-
ledge are not evenly distributed across groups of
people (cf. Sillitoe, 1998, p. 232). Warren (1998,
p. 244) expanded helpfully on this notion of mul-
tiple social knowledges, by distinguishing be-
tween three types of knowledge for any domain:
‘basic core knowledge is possessed by virtually all
members of a community and provides the basis
for communication on a given topic; shared
knowledge that expands on the core knowledge
and allows persons occupying related occupa-
tional niches (like herders) to communicate
using a more nuanced vocabulary and con-
ceptual apparatus and specialised knowledge ex-
ists within an occupational niche that most
others in the community do not require’ (ital-
ics added). This is a useful differentiation of
knowledge types to which I shall return below
in relation to the practices of cattle herders in
rural South Africa.

For Barth, while the processes that underpin
these distributions of knowledge are of consider-
able interest, it is the agency of ‘the knowers —
the people who hold, learn, produce, and apply
knowledge in their various activities and lives’ —
that are central in his analysis (Barth, 2002, p. 3).
Critically, it is in the social contexts in which
people interpret and act in the world that the
all-important criteria of validity for the know-
ledge (i.e. the knowledge about knowledge) that
people hold are generated (cf. Sillitoe, 2010).
In some social settings, they have latitude for im-
provisation and innovation; in others, they have
virtually none.

Sillitoe (2010) usefully extended in several
ways Barth’s analysis of how knowledge is trans-
mitted through time and beyond a specific social
grouping. In particular, whereas Barth alludes to
the issue of trust in the acts of validating inferen-
tial knowledge, it is this aspect that is central to
Sillitoe’s argument. He showed that the Wola
people of Papua New Guinea, like other peoples
(such as the indigenous Australians and Quecha-
speakers in the Andes of Latin America), have
an abiding concern — and one that is embed-
ded in their complex language — for validating
and assessing the trustworthiness of any

communication. Given that they live in a state-
less polity, the Wola have no recourse to an au-
thority (such as that provided by state-endorsed
education systems), which can ‘standardise what
is known and can adjudicate when persons
disagree and settle who is right’ (Sillitoe, 2010,
p. 22; cf. Harris, 1997, pp. 113-114). Foreign as
it may seem to our sensibilities, a social context
and a lived reality in which there is no recognition
of experts and their claims to superior knowledge
is thus the context for a constant interrogation
of people’s knowledge statements. This forms an
integral and meaningful part of Wola everyday
speech. Is there a parallel in the context of the
rural Eastern Cape?

The Role of Ignorance — the Flipside
of Local Knowledge

In its crudest sense, ‘ignorance’ (Kirsch and
Dilley, 2015) of formal, rational, cause-and-effect
science on the part of the rural Xhosa-speaking
cattle herders in the Eastern Cape, as elsewhere
in rural South Africa, rests on the cruel legacy of
colonialism and apartheid’s racist, impoverished
‘Bantu Education’ system (Nasson and Samuel,
1990). Historically, few African people managed
to secure more than a primary education.
Those who did were exposed to the didacticism
of the few ‘Mission’ schools that dotted the
rural countryside. It is only in the past 30 years
that a significant minority have had the oppor-
tunity to attend universities and other tertiary
institutions, and even then the general state of
rural primary and secondary schooling has
remained abysmal: as recently as 2005, the
mean number of years of formal schooling for
adults in Ngqushwa Municipality was a mere
6 years. Functional literacy stood at a low 55%
across the board and a paltry 13% of rural
residents had 12 years of secondary schooling
or more.

So ‘ignorance’ (understood as being poorly
uneducated in the formal sense) exists here, as it
does in many of the impoverished areas of South
Africa. The migration to cities and towns of those
fortunate enough to complete post-secondary
education, leaving the bucolic rural life behind,
further reinforces the rural educational deficit.

An important consequence of this is that
those who have progressed through the formal
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higher education system — for our purposes in
the agricultural sciences — have consistently en-
countered a denigration of their cultural experi-
ences and their local practical knowledge of
agriculture in favour of a textbook-based ‘scien-
tific’ model (in, for instance, plant and animal
diseases and their control) of learning and
knowing. They have been force-fed via textbooks
and study materials an alienating emphasis on
economic efficiency, using the individual profit-
oriented cattle farmer as the model for what a
‘modern, commercial farmer’ should resemble.
This approach has undermined their confidence
in their ‘core’ local knowledge and, with it, their
agency and shared practical knowledge of bovine
management and disease control in a village
context. They have repeatedly been told that their
prior local knowledge was a form of ignorance
that lacked scientific certification and should be
wholly abandoned.

In addition, their new learning has driven a
wedge between the knowledge systems and prac-
tices of less educated men and the young men
with tertiary qualifications in agricultural sci-
ences. Many of these educated young men con-
tinue to keep cattle at their rural homes and a
sizeable number of them are employed in tech-
nical and extension positions in the Department
of Agriculture’s Animal Production and Animal
Health teams (Modisane, 2009; Beinart and
Brown, 2013; Brown et al., 2013).

There is a third layer of ‘ignorance’ in the
form of a significant de-skilling (Stone, 2007)
over time, which rests on other parameters: the
long years that most rural men spend working
as migrants, often down the mines or in indus-
try, in distant townships and cities, has a telling
impact on their lives and agency. Many of the
older men have spent decades away from their
home village, returning only in December or
sporadically when their employment contracts
expires or some family crisis require their pres-
ence in the rural village. Some have left small
herds of cattle in the care of wives, young sons
or elderly kinsmen, learning of the fortunes of
their cattle through letters from home or verbal
messages passed along by other migrants to the
city or mining compound.

Many of them have never lost their boy-
hood connection to, and basic knowledge of,
rural environments that they acquired as herd-
ers of cattle. In particular, they have valuable

local knowledge about where to drive their herds
of cattle in times of drought or when the range-
land is freshly burnt and grazing is low (Bennett
etal., 2010, 2013). They have also inherited, from
their fathers and grandfathers, long-standing re-
lationships with kinsmen in other parts of the
district with whom they can exchange animals
when the consecutive years of low rainfall
threaten their animals. But in their years of ab-
sence from the village and in their retirement,
their store of dynamic, adapting local knowledge,
in this case specifically their ability to deal with
bovine diseases, has tended to ossify over time.

A fourth perspective on the way ignorance
‘works’ as a key part of local knowledge that diff-
ers from a scientific causality relates to people’s
ways of inferential knowing and acting that spe-
cifically invoke the supernatural (Dilley, 2010;
Ainslie, 2014). In this category, beliefs in both
the positive supernatural power of ancestor
intercession and, to a lesser extent, clan totems,
and the negative supernatural power of witch-
craft, albeit both strongly intermeshed with
Christian beliefs in this area, inform and shape
many Xhosa-speaking people’s daily practice
and understandings of causality. This is the case
because cattle feature centrally in Xhosa ritual
practice, including slaughtering for the ances-
tors, and as a symbol of the homestead. Arriving
at explanations of both common livestock dis-
eases and extraordinary events, for instance
why a particular cow is struck by lightning, fre-
quently involves invoking the supernatural.
Moreover, the process of rationalizing between
the possible causes to arrive at a solitary explan-
ation for a particular event (such as the unex-
plained illness or death of a prized heifer) is
seldom final or unequivocal, certainly not in re-
lation to the observable causes. Rather, it re-
mains open to a protracted social dialogue and a
process of assessing the efficacy of the various
ritual actions to counter the misfortune.

Is Local Knowledge about Tick-Borne
Diseases a ‘Specialized’ Knowledge?

It is immediately clear that, in the villages of
Ngqushwa Municipality, animal health know-
ledge is not a ‘shared’ knowledge that all or even
most livestock owners possess in equal measure
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(Masika et al., 1997). While all these farmers
both ‘inject’ (with biomedical veterinary prod-
ucts) and ‘seza’ (treat with ‘traditional’ Xhosa
remedies using decoctions of indigenous plants)
their animals as part of a disease preventive re-
gime (Dold and Cocks, 2001; Moyo and Masika,
2009), they are often reluctant to share know-
ledge about specific medicines and remedies
with each other. Local cattle farmer, Dumisa,
mentioned his uncle Bilman who he said was a
‘cruel’ man. Bilman had good medicine: he
knew how to cure cattle using amayeza yesixhosa
(Xhosa medicine). Dumisa had tried to soften
him up, by doing favours for him and hoping Bil-
man would help him out with his cattle. But Bil-
man did not like to share his knowledge with
anyone. He treated his own cattle with a mixture
that he made himself and his cows were always
very fat and each cow produced a calf every year.
Dumisa explained, ‘When you ask him —even as a
close relative — to give you some of the same
medicine, he either refuses or does so reluctantly
and you are never sure if the stuff he gives you is
the full-strength medicine or just a watered
down version.” He went on to say that when he
used this medicine on his herd, it did not have
the same effect as it did on Bilman's own herd.

However, with his elderly female neighbour,
Ngenelwa, Dumisa enjoyed more success: inside
the entrance to Dumisa’s cattle byre he kept a
bottle of mayeza known as magonsana. It was
made with the root of a plant that Ngenelwa
knew where to find in the forest. He asked her for
it and she went to find some and gave it to him.
The problem he had was that one of his animals
was stabbed by another animal in the kraal (cat-
tle enclosure) after being pinned to the inside of
the kraal. Dumisa noticed that when it urinated,
the urine was red, i.e. was mixed with blood. He
was worried that it was also looking weak. He
grated the magonsana root and then boiled it in
water and decanted it into a 2 1 bottle. Dumisa
planned to administer it to the affected cow over
2 days in two 750 ml doses to effectively remedy
its problem. According to Dumisa, this mixture
would clean the animal’s blood and its internal
system and within a few days it should stop urin-
ating blood and be sturdy again.

Matshoba (a community animal health
worker) revealed that he knew certain amayeza
yesixhosa remedies that his father had taught
him, but these were his secret because if he gave

them to others for their sick animals and the ani-
mal died, they would ‘come back’ to him with
questions. He had shared some remedies with
his wife’s sister in a nearby village when her goats
needed medicine and it worked fine. He had also
helped some men in his own village, but he did
not like doing it. Also, he felt that you should not
mix ‘aneedle’ (purchased medicine) with ‘a bottle’
(amayeza), but his explanation of his own prac-
tice contradicted this. He used Xhosa mayeza for
the tick-borne disease known as ‘redwater’, but
when a cow was already sick, a needle with Hi-tet
was more effective, because it worked faster. Asked
to explain this, he said that amayeza were better for
prevention than for curing very sick animals. When
someone stabbed his young ox at night, it was
bleeding internally (isivubeko — an internal wound),
which he deduced because it was excreting
blood. He used a needle and injected it with
Hi-TET (Bayer) and also made a Xhosa medicine
called umhlavuthwa ‘to clean it out inside’.

One of Xolani's animals had an intambo (a
leather strop tied around its neck). He said it got
rid of the intsumpa (warts) on the head, and also
around the vagina and ribs of a cow. He could
not explain how it worked, but it had been ad-
vised to him long ago and it definitely worked. He
said that his neighbour’s ox had had huge
intsumpa all over its dewlap. Xolani had advised
him to use intambo, but the man also bought a
salt solution to rub on the intsumpa. The ox was
clean now, but it was not clear which thing did
the trick, in this case. Either one or both working
together could have worked, he said.

To treat contagious abortion, Nzaba gave
his cows amayeza that he got from a man called
Jovose in a nearby village. He did not provide any
further information about this medicine and,
typical of him and others, seemed to be uninter-
ested in it except for its efficacy. When Nzaba's
cattle were sick, he would ask Xolani for help
with providing the medicine and injections. He
mentioned getting Hi-tet (Bayer) from Xolani.
He also gave Xolani money to buy acaricide (Tri-
atix, CKL) for him in a nearby town and he used
Xolani’'s knapsack and pump to spray his cattle.

Xolani told me he lost six cattle in 2004—
2005. There was plenty of idakada (liverfluke) in
the village at that time. Other people were also
losing cattle, so it was reassuring not to be the
only person to lose so many cattle and he did not
suspect anything ‘bad’ directed at him personally.



Veterinary Knowledges and Practices of Livestock Farmers 57

Going to a traditional healer to ascertain the
supernatural cause was not an option for Xola-
ni, because ‘you don't know which of their
many stories to believe: they will tell you about
things that have happened and some things that
will [read ‘might’] happen to you. You are easily
confused by such nonsense’. When his six cattle
died, Xolani was away on police deployment. He
asked his uncle, Nqoyi, to come around to check
the cattle and to do post-mortems on the ani-
mals. His younger adult brother Zamuxolo was
still in the village, so he was relaxed as he knew
Zamuxolo would be part of this procedure.

For a difficult birth, Fakati, a man with
nearly 100 head of cattle, always tried to assist
with the birth himself, rather than call Mr Gobani,
the accepted expert in the village for dealing
with difficult births. In any case, he claimed that
Mr Gobani was ‘an old man now and can’t go
running all over the village to sort these things
out’. Actually, Fakati did not trust anyone other
than his four sons to help him with his especially
large herd that had caused some disquiet in a vil-
lage where only half the homesteads had any
cattle and average cattle holdings were around
five head.

Another herder, Themba, was 38 years old
and an agricultural science graduate from the
University of Fort Hare and had an MSc in
Rangeland Science from another highly rated
university. He held a senior management position
in a government agency in the large regional city
of East London. He was a very successful and
very keen ‘scientific’ cattle farmer in the often
trying communal environment that is the rural
Ngqushwa Municipality. By this, [ mean that his
herd management was underpinned by his aca-
demic training, sustained empirical observation
and science-based experimentation.

This background made Themba quick to
dismiss as ‘ignorance’ much of what constituted
the veterinary regimes of the other cattle farm-
ers around him. Interestingly, he was as quick to
dismiss scientific ‘textbook stuff’ as nonsense if
it did not square with his experience and local
knowledge of village husbandry conditions. While
he acknowledged the efficacy of local remedies
for some livestock ailments, he had sufficient
money to consistently buy veterinary medicines
for tick-borne and other serious livestock dis-
eases. Since he felt highly aggrieved when any of
his animals succumbed to disease, he maintained

a rigorous and thus expensive animal health re-
gime that was driven by a strict timetable from
which he hardly deviated. But this was only for
the benefit of his own substantial herd of 40 cat-
tle and did not benefit the cattle owned by others
in the village.

To maintain this regime, he visited his
home in rural Peddie every weekend to oversee,
inspect and personally dose his animals. Over re-
cent years, he had tried to impart some of his
knowledge to the other stock owners in the vil-
lage, particularly in respect of tick management,
which needs a collective effort if it is to have any
lasting impact. He had had very limited success
in sharing his formal agricultural knowledge
and, indeed, practical experience with the older
men of the village. He reasoned that they re-
sented his runaway success with expanding his
herd and were jealous of his successful career.
Interviews with the older men in the village sug-
gested that they did not like his independent-
minded nature, which they took to be highly
disrespectful of them and their seniority in terms
of age. They would also have valued a financial
contribution from him for the purchase of the
expensive acaricide treatments that were used
in the communal diptank. Despite frequent
sanctions against him for not acting in unison
with the rest of the livestock owners, Themba
had consistently not dipped his cattle with the
other villagers at the village diptank, because he
regarded this as ‘a waste of time’ as the facility
was poorly managed. Instead, for control of tick-
borne diseases he preferred to spray his cattle
himself.

Xolani (mentioned above) was an age-mate
of Themba and was employed as a policeman
outside the village. Although he had grown up
in the village and had his own store of bovine
knowledge, he said he had discussions with his
trusted friend Themba about how to get the best
from his herd of cattle. From Themba, Xolani
learnt that it was good to have a tick-load on
the animals so as to build up their natural im-
munities to tick-borne diseases. He admitted
that he did not quite understand how this
worked, but Themba convinced him that if you
dip and spray all the time, you do not allow the
animals to become strong on their own. So even
though the sight of ticks on the animals was
worrying, Xolani now tried to fight the urge to
keep them totally clean. When he sprayed his
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animals in the cattle enclosure, the ticks fell off
right there, but no sooner were the animals back
in the fields than they were covered with ticks
again. This was a stressful situation that called
for a strong nerve. Nevertheless, Xolani’s herd
was growing steadily, not least because he had
the wherewithal to purchase veterinary medi-
cines as and when required.

What this section has tried to demonstrate
is the complex and unevenly distributed hybrid
knowledge that exists in relation to bovine diseases
and their treatment. Trust and thus certification
of knowledge claims emerge as particularly
challenging for herders.

The Political Economy and
Contestations around
‘Local Knowledge’

So much for the endogenous parameters of peo-
ple’s local knowledge and its gaps. At the level of
political-economy, these rural African livestock
keepers have long had a generalized mistrust of
the ‘white’ (i.e. European) proponents of veterin-
ary science. This is historically linked to govern-
ment programmes to control livestock numbers
through culling and taxation that used the
cattle dipping and inoculation programmes as
the government’s main sources of contact with
African farmers (Bundy, 1987). In fact, their
scepticism extends to veterinarians, cattle specu-
lators, veterinary medicine retailers, ‘white’ farm-
ers selling cattle to them and indeed textbooks
and pamphlets on animal health that are aimed
at them. What this mistrust does is help to
underpin a Xhosa agropastoral identity and to
feed an intentional disregard (‘ignorance’) for the
official ‘scientific’ view of the causality of bovine
diseases. By largely discounting the husbandry
and veterinary advice from educated others
who are typically regarded as untrustworthy and
exploitative, most African cattle farmers in the
Eastern Cape constantly replay a script where
the critical ingredient in all successful knowledge
exchanges, i.e. trust, remains at a near-permanent
low level (Freire, 1970; Sillitoe, 2010).

It might well be asked if it really matters
what these livestock farmers know or do about
tick-borne animal diseases. In fact, what they
know is particularly important in present-day

South Africa, because African herders now hold
the country’s largest and still steadily increasing
proportion of the ‘national herds’ of livestock, i.e.
cattle, goats and sheep (Ainslie, 2002, 2013; Palmer
and Ainslie, 2007). In the Eastern Cape Province
alone, they are estimated to hold over 3 million
head of cattle (ECDA, 2005). Through state land
reform and private land purchase, African farm-
ers are slowly acquiring more land on which to
run their livestock (Beinart and Brown, 2013).

Ticks pose a particular challenge to success-
ful animal husbandry in these areas, not only
because they transmit debilitating bovine dis-
eases, but also because heavy tick-loads damage
the reproductive capacity of cows (by damaging
their urinary tracts, udders and teats) and bulls
(damaging their genitals) (Masika et al., 1997;
Ndhlovu et al., 2009). Animals infected by dis-
eases, whether overtly or sub-clinically, exhibit
greater morbidity, are listless and therefore both
less productive and less fertile (Tice et al., 1998;
Minjauw and McLeod, 2003). Farmers whose
objective is to grow the size of their individual
herds know full well that animals in poor health
are not fertile and they thus implement practices
to counter this situation (Hlatshwayo and Mbati,
2005).

For the reasons recited above, both the know-
ledge and practices of rural African livestock
farmers are characterized by high levels of un-
certainty (Ainslie, 2013). In essence, this uncer-
tainty is around who might be trusted to provide
local veterinary knowledge and, furthermore,
which (expensive) biomedical treatments actu-
ally work in the local context at the current
conjuncture (see below) to keep animals in rea-
sonable reproductive health.

Somewhat counter-intuitively, it is the case
that this uncertainty is more pronounced now
under a more benevolent African National Con-
gress government than in the past when the
apartheid state intervened more definitively in
this sector, but also carried most of the financial
and institutional burden of animal disease con-
trol, including the costly dipping programme to
control tick-borne diseases (Beinart, 2007;
Brown and Gilfoyle, 2007; Beinart and Brown,
2013). This is because the political transition
from apartheid to a democratic order in 1994
was followed by a period of fiscal belt-tightening.
In the process, the provincial administrations of
the nine new provinces (including the Eastern
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Cape Province) had to bear the financial and in-
stitutional costs of the provision of veterinary/
animal health services. When this system crum-
bled in the late 1990s, African livestock owners
themselves had to step into the breach and take
on far greater responsibility, both individually
and jointly for dealing with livestock diseases
than at any time in the past 100 years (Brown
etal.,, 2013).

What has happened in the past 20 years is
that farmers either practise very minimalist tick
control or are seemingly indifferent to this aspect
of bovine management and adopt a ‘do-nothing’
approach. However, because all their herds of
cattle run together on the common rangelands,
and are dipped with communally purchased
acaricides in common dipping facilities at village
level, all farmers ‘share’ the tick problem and
hence the constant burden of tick infestation. To
be effective, managing the ticks and the TBDs
must be tackled cooperatively, but cattle farmers
are individually and collectively uncertain about
control strategies and struggle to find adequate
and affordable solutions to the challenges that
ticks pose.

It is now well known that very limited sci-
entific research was conducted among cattle
herds in the reserve/bantustan regions over the
decades (Spickett et al., 2007; Beinart and
Brown, 2013). This is especially so for the latter
half of the 20th century and in relation to ani-
mal health. Nevertheless, scientific prescriptions
for state intervention in these areas have been
required in support of the financial outlay ne-
cessary to support the dipping programme.
These prescriptions have of course been subject
to revisions over time and such revisions have
come essentially from two sources: (i) scientific
advances and refinements that are driven by the
findings of new and innovative veterinary re-
search in the service of the nearby ‘white’ com-
mercial farming sector; and (ii) the application
and modification of scientific advice by farmers
in this same sector, in response to a range of exi-
gencies and changes in the nature of their farm-
ing enterprises. Scientific prescriptions for the
control of TBDs have become increasingly more
fluid and complex in the light of, among other
things, tick resistance to acaricides and chan-
ging tick distributions — in part driven by the in-
creased circulation of wild ungulates as nature
reserves were established in a number of sites

over the past 50 years —and thus of bovine disease
patterns in across the countryside (Allsopp, 2009).

Significantly, every revision/advance of
scientific knowledge and the related manage-
ment prescriptions filters imperfectly through to
rural African livestock farmers via a variety of
formal and informal channels. These include the
state veterinary service with its animal health
technicians and until the late 1990s when they
were retrenched, the dipping foremen at each
village diptank. The channels of information
also include the mostly ad hoc interactions Afri-
can livestock farmers have with commercial re-
tailers of veterinary products, through their
dealings with white farmers from whom they
buy heifers and young bullocks, and with cattle
buyers and speculators who visit the villages or
whom they encounter at the intermittent dis-
trict livestock sales. Each of these channels has
specific interests and tensions which adhere to it
on the part of the provider of information and
of the receiver.

The key point is that trust features cen-
trally in the practices of cattle farmers in rural
Peddie. Farmers are often reluctant to share
knowledge about specific medicines and remed-
ies with each other. A fear of bewitchment by
others features in at least some people’s animal
health routines. This is the realm of more spe-
cialist knowledge. When Makhulundaba was
asked whether he believes in securing supernat-
ural assistance to keep his cattle healthy, he re-
plied that, since like others here he believes in
his ancestors, he tells his ancestors about any
new animals that he put in the kraal. ‘The an-
cestors will look after them for us, because that
is what the amaXhosa believe,” he explained.

Tellingly, diagnosing the cause of an animal’s
death begins with (frequently vague) descriptions
of the animal’s behaviour in the lead up to the
decision to slaughter it. It continues during the
slaughter, with the close examination of various
organs, particularly the gall-bladder, spleen,
lungs, liver and heart. The most senior men pre-
sent must then reach a decision, based on experi-
ence, about what caused the death and whether it
is safe to consume the meat or not. In the case of
anthrax or bovine tuberculosis they might suggest
desisting, but this is not a certain outcome. In any
event, the diagnosis when performed so publicly
can never involve a full account of the suspected
causes of the animal’s demise.
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Conclusions

Relations between cattle farmers and the state
(and its various agents) have involved a dynamic
but essentially hostile interplay over more than a
century, manifest in the tensions and feigned in-
difference in relation to the trustworthiness and
efficacy of scientific and local knowledge. None
of these various knowledges in isolation holds the
‘answer’ to the problem of managing tick-borne
diseases. Both ‘sides’ face serious constraints.
Financially constrained African farmers experi-
menting with all manner of local remedies and
thinking through hybrid cultural notions of dis-
ease aetiology continue to mistrust state veterinary
officials and scientists, who make very occasional,
isolated and thus largely unsystematic forays
into rural areas to do sporadic surveys into these
complex questions.

Given the state’s fluctuating but still signifi-
cant financial outlay on dipping materials, ex-
pert veterinary input remains important to plot
just where Ngqushwa Municipality and neigh-
bouring areas lie along a gradient of tick resist-
ance to acaricides, in respect of ‘endemic stability’,
the longer-term prevalence/incidence of TBDs
and indeed the other major ailments of cattle (cf.
Orzech and Nichter, 2008). But it seems this will
only be possible after intensive and sustained
veterinary research in the area, which, given the
present resource constraints, seems unlikely to
happen.

Nor would ‘improving the science’ be a sim-
ple undertaking; the seasonal and inter-annual
variations in climate (and specifically rainfall)
are serious considerations when it comes to
understanding any changes in the condition of
cattle, which in turn influences their health sta-
tus and disease susceptibility (Allsopp, 2009).
Such variability, coupled with both upswings
and downturns in the economic cycle and the
on-again, off-again nature of the state’s animal

health programme has an impact on what as-
pects of animal health are (i) absolutely neces-
sary in an ‘objective’, practical sense and (ii)
affordable for the socio-economically differenti-
ated cattle owners in the villages of Ngqushwa
Municipality.

The decline of the state-sponsored dipping
programme has meant that for people who do
not have much disposable income and who, on
the whole, are getting poorer, the privatization
of animal health has been challenging. For the
moment, livestock keepers rely on what they
have learned from their fathers and elders, what
they can glean from their friends and kinsmen
and what they can learn from the suppliers of
veterinary medicines.

To conclude, local knowledge about animal
health and specifically tick-borne diseases is not
shared across the population of rural cattle
owners. People have asymmetrical access to this
knowledge and the nature of this asymmetry re-
lates directly to the social and political-economic
context in which cattle farmers are located. As
Sillitoe has identified in another context, trust
emerges as the key ingredient (and in this case,
deficit) permeating all the relationships related
to the management of animal health. In the ab-
sence of trust, the certification of knowledge
that is critical to learning, and thus to effective
action, remains undeveloped.
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6 Integrating Indigenous Knowledge
for Technology Adoption in Agriculture

Florencia G. Palis*

Technology adoption is a necessary foundation
to achieve impact in agricultural research. Agri-
cultural technologies as seen and practised on
the ground by farmers have always been a con-
cern as they remain less realized to this day. The
problem regarding the adoption of any technol-
ogy is its usual tie-up with economics as its key
driver. However, to ensure technology adoption
it is necessary to consider not only the profitabil-
ity of the technology but the social and cultural
dimensions as well (Vanclay, 2004; Palis et al.,
2007). This is because the act of adoption is a
deliberate decision made after considering a
wide range of issues, done within a social and
cultural context in which different individuals
with accumulated knowledge and experience
may interact and influence the decision. Hence,
the associated social and cultural complexities
need to be factored into the adoption process.

In the case of the Philippines and most
Asian countries, the 2008 food crisis has led
many of their political leaders to invest more in
rice agriculture programmes, including rice re-
search. This is because rice is the staple food of
Asia, a continent that accounts for more than
half of the world’s population, and its cultivation
a common source of livelihood of most Asian
farmers (GRiSP, 2013). Aside from the eco-
nomic, political and nutritional significance of
the rice crop in Asia, it has high significance in

* E-mail: florenciagpalis@gmail.com

the social and cultural lives of the people, deeply
woven into the fabric of Asian cultures and civil-
ization. This is reflected in their cosmology, lan-
guage, community structure, rituals, songs,
material culture, local knowledge and perception
of the landscape, among other aspects (Conklin
et al., 1980). Thus, since the 2008 food crisis,
the development and extension of agricultural
technologies to rice farmers have never been
more active. However, adoption of these tech-
nologies by rice farmers remains a challenge.
This chapter highlights the importance of
integrating indigenous knowledge of rice farmers
into the development and extension of agricul-
tural technologies to facilitate widespread farmer
adoption and achievement of multidimensional
impacts. It illustrates a few case studies where in-
digenous knowledge of rice farmers in Asia was
integrated with that of Western science, resulting
in technology adaptation and adoption and pol-
icy recommendations for technology adoption to
happen, including the aspect of farmer and com-
munity safety. This is more evident when we deal
with knowledge-intensive technologies — those in
the form of knowledge and information that are
made accessible to end users in a less tangible
form than physical products such as seed or ma-
chinery (Price and Balasubramanian, 1998).
The case studies presented here deal mostly
with the adoption of natural resource management
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technologies in rice production such as fertilizer
best management practices (FBMPs), integrated
pest management (IPM), rodent pest manage-
ment, pesticides and pesticide safety, and alternate
wetting and drying water-saving technology.
These are mostly knowledge-intensive technolo-
gies where indigenous knowledge had significantly
contributed to addressing complex technology
adoption issues. These issues revolve around app-
ropriate timing and amount of fertilizer and
pesticide application, water scarcity (especially
with climate change), right timing and need of
community action for rodent control, and the
need for personal protective equipment as part
of pesticide safety protocol.

In the discourse on innovation systems that
tackles evolving roles and existence of multiple
sources and utilization of knowledge, the know-
ledge possessed by farmers is widely acknow-
ledged (Lundy and Gottret, 2007). The integration
of indigenous knowledge in development should
therefore be encouraged, a shift from the cen-
tralized, technically oriented solutions of the
past decades that failed to alter life prospects for
a majority of the peasants and small farmers of
the world (Agrawal, 1995).

Indigenous knowledge in this chapter is
interchangeably referred to as farmer knowledge
or local knowledge. It is the knowledge that
people in a given community have developed over
time and continue to develop based on experience
and is adapted to the local culture and environ-
ment. It is embedded in community practices,
institutions, relationships and rituals, held by in-
dividuals or communities, dynamic and chan-
ging, and unique to each culture and society
(Flavier, 1995). It relates to the entire system of
concepts, beliefs and perceptions that people
hold about the world around them, including
the processes whereby knowledge is generated,
transmitted and shared within specific social and
agroecological contexts (IIRR, 1996; Warburton
and Martin, 1999).

Adoption of Best Management
Practices for Natural Resource
Management in Rice Production

In this section, the importance and utilization of
indigenous knowledge for the adoption of best

management practices for natural resource
management (NRM) in rice production is dis-
cussed. The NRM best practices considered here
are FBMPs, IPM and rodent pest management.

Building on farmer knowledge for FBMPs

The FBMP discussed here focuses on site-specific
nutrient management (SSNM), which is a plant-
based approach for optimally supplying rice with
essential nutrients (Dobermann and Witt, 2004;
Buresh, 2007; IRRI, 2007). It enables farmers
to adjust fertilizer use by supplying optimum
amounts of nutrients at critical times in the
crop’s growth cycle to produce high yield. It em-
phasizes the importance of applying the right
type of fertilizer at the right amount and at the
right time.

Farmers’ knowledge of nutrients is stored in
their minds, but this is also reflected in their per-
ceptions about fertilizers, which are embedded in
their nutrient management practices in the whole
rice production process. Filipino rice farmers nor-
mally apply fertilizers on schedule two to three
times in a season in accordance with the growth
stage of the rice crop (Palis et al., 2007). However,
fertilizer management practices are based on the
belief that human and plant healthcare are the
same, resulting in many overlaps in linguistic ter-
minologies employed for both humans and plants
(Palis et al., 2006).

The first application is done at the early stage
of the plant, within 15 days after transplanting
(DAT) (Palis et al., 2007). The plant is described as
ababy or a child, emphasizing the vulnerability of
both plants and humans to illnesses. Thus, at this
stage, farmers apply more fertilizer (Palis et al.,
2007), particularly nitrogen (N), to improve crop
growth and enhance plant vigour. In the same
way that a baby is given vitamins to make sure
that the child is well fed and has good growth and
good health, the bulk of the nutrients is applied to
the young rice crop.

The second application is, on average, at
about 38 DAT, which is near panicle initiation.
The third application is at about 55 DAT, when
the plant is at the reproductive stage. Farmers
normally consider their second and third appli-
cations as topdressing. On their second and third
applications, the amount of fertilizer is reduced
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because they view the plant as going towards
adulthood, implying that the nutritional require-
ments of the plant would be less, in the same way
that an adult person requires less care.

The science behind the SSNM approach is
very much in line with the farmers’ logic that
considers nutrient management in the context
of growth stages. However, SSNM differs in
terms of the amount of nutrients needed at spe-
cific growth stages. SSNM espouses that farmers
need to apply less N early, more N at critical
stages of active tillering and panicle initiation,
and less or none at all at the later reproductive
stages. In the context of human growth, a baby
actually needs very little food because it is grow-
ing slowly, a teenager needs the most food —
such as at active tillering and especially panicle
initiation — which is somewhat like adolescence
going towards pregnancy.

The way that farmers view fertilizer man-
agement practices could be useful in the further
refinement and extension of FBMPs such as
SSNM. One effective way is through the process
of engaging farmers in both research and exten-
sion projects called participative research and
extension (Percy, 2005) to effect experiential
learning by farmers with the use of FBMPs.
Here, the farmers are engaged in technology de-
velopment and validation processes that may
lead to local modifications of the technology
(Peng et al., 2006). A fusion of farmers’ local
knowledge and scientific knowledge is necessary
to modify any technology and make it more ap-
propriate for end users. Therefore, farmer know-
ledge, experience and experimental capacity
should be used in the design and validation of
technology. The challenge, however, is on what
and how to build on farmer knowledge in tech-
nology development and extension to effect
farmer adoption.

Building on farmer knowledge
for IPM-FFS

IPM is an ecological approach that builds on bio-
logical control as its ecological foundation and
the use of pesticides as a last resort. It has been
promoted since the 1970s but did not gain wide
adoption until the 1990s, when it was dissemin-
ated through farmer field schools (FFS) (Palis

et al., 1990; Navarro et al., 1998; Matteson,
2000). The FFS is essentially a non-formal
school educational approach to IPM extension
that is experiential and participatory in nature.
All learning activities take place in the field and
are based on farmers’ experiences through group
experimentation during the entire life cycle of
the crop.

As in the case of fertilizers, pesticide use is
also associated with a belief in the analogy of
human and plant healthcare (Palis et al., 2006).
To Filipino farmers, rice plants at the early stage
are more vulnerable to pest infestations than at
ripening stage, like a baby is more susceptible to
illnesses and diseases than an adult. This results
in farmers applying pesticides in the first 40 days
after transplanting, mostly against leaf-feeding
insects such as leaf-folders. However, scientific
evidence has shown that leaf-folder damage at
the vegetative stage could not affect crop yield,
because the plants could still recover at that
stage (Heong et al., 1994). Hence, a large pro-
portion of insecticide spraying may actually be
unnecessary. Farmers commonly remarked that
‘if the plants are still young, they have to be
taken care of’ to prevent pest infestation, ensure
good health and eventually good yield. In the
same way that a sick baby is given medicine,
a young rice crop needs pesticides to combat
sickness.

Over the decades, Asian rice farmers have
become dependent on agrochemicals to control
insect pests. Before IPM-FFS, farmers generally
believe that all insects are harmful, which is one
of the underlying causes behind the continuous
and indiscriminate use of insecticides (Bentley,
1989; Palis, 1998). They also believe that in-
sects will transfer to a neighbouring field when a
farm is sprayed. Farmers believe that insecticides
effectively control them, aside from being very
convenient to use, and they need to spray when
neighbouring farmers spray to prevent insects
from transferring to their farms. This is further
precipitated by the Asian farmers’ concept of
pesticides as medicine to plants (Heong and
Escalada, 1997; Palis et al., 2006). Filipino farm-
ers refer to pesticides as gamot (medicine) and
they are good for plants because they heal the
crop’s illness or disease. This blurry perception
about these helpful effects is reinforced when
chemical salespersons stress the ‘medicinal’ effects
of pesticides on plants.
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An important example of an effective inte-
gration of farmer knowledge in IPM-FFS was
through farmer group experimentation while
being involved in FFS, which resulted in IPM
adoption (Palis, 2006). Learning theorists have
observed that people learn in different ways.
Kolb (1984) stated that learning is a process
whereby knowledge is created through trans-
formation of experience. Farmer participants
used their concrete experiences to test ideas and
consequently change their pest management
practices through group experimentation. In this
context, farmers interpret observations, facts and
experiences both individually and as a group
and generate a consensus that is culturally en-
forced. The perceptions of Filipino rice farmers
that all insects are harmful changed through ex-
periential learning in the FFS (Palis, 1998, 2006).
The FFS participants learned that not all insects
harm rice plants through group insect-zoo ex-
perimentation where spiders and brown plant-
hoppers were placed in a cage with a rice plant in
it. They were able to see how the pests were en-
trapped with the spider’s web after some time.
The knowledge they gained from that experi-
ment gave them the courage to ignore insects
when they saw them on their respective farms,
as long as there were sufficient spiders around.

Building on farmer knowledge
for rodent pest management

Rodents are the most important pre-harvest
pests in Indonesia for irrigated rice crops and
among the three most important pests in Viet-
nam (Singleton, 2003). In Asia, pre-harvest rice
losses are typically 5-10%, with losses of > 20%
occurring in some years in some regions. Rodent
control is therefore vital to sustain food produc-
tion, especially for rice. In most Asian countries,
rodents are often perceived by farmers to be con-
sistently outsmarting humans — a belief that
needs to be overcome (Palis et al., 2011). Thus,
ecologically based rodent management (EBRM)
was introduced to rice farmers in Vietnam as a
possible solution to manage rodent populations
effectively, which in turn can help sustain food
security in Vietnam and Asia.

Farmers’ rodent control practices are gen-
erally reactive and rely essentially on chemical

and physical methods. EBRM was developed in
the late 1990s to manage rodents in rice-based
farming systems in Vietnam and other parts of
South-east Asia. It combines both cultural and
physical rodent management practices such as
synchrony of cropping, short 2-week rat cam-
paigns at key periods in key habitats, increas-
ing general hygiene around villages, and use
of a community trap-barrier system (Singleton
etal., 1999). Although EBRM has been reported
to be economically profitable, the successful
adoption of this set of technologies requires
community participation. Hence, the adoption
of EBRM presents a challenge because it is
a knowledge-intensive technology. It requires
both a solid understanding of the biology of
rats and collective action among community
members.

The introduction of EBRM in Vietnam was
done using a participatory approach through
community action. It enabled the farmers to be
actively engaged in the technology development
and validation process, which promoted the use
of indigenous rodent control practices of farm-
ers, especially the digging of burrows and hunt-
ing with dogs, and the use of local rat traps. The
EBRM did not replace what the farmers were
doing, but rather built on their practices and in-
corporated a scientific basis by encouraging
farmers to work together at key times based on
knowledge of the dynamics of habitat use and
breeding of rodents (Brown et al., 2006). The
common practices of digging and hunting, ei-
ther as a small group or individually, at arbi-
trary times was consequently transformed into
the community working together at key times
before rodent damage occurred in their crops.
This elucidates the importance of the fusion of
local knowledge with scientific knowledge
brought about by experiential learning to
achieve farmer adaptation and adoption (Palis
etal., 2011).

Collective action is not a novel concept in
Vietnam. Coordinated community action is the
norm that emanated from their history and cul-
ture of collective farming in the past and the
Chinese influence of Confucianism. Confucianism
is viewed as both a philosophy of life and a religion,
which emphasizes the importance of loyalty,
respect for authority and peacefulness (Quang,
2003). Respect for social hierarchies is there-
fore basic to Vietnamese families and society.
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By far the most important of these values are
those associated with family and community,
where individual interest is subordinate, if not
irrelevant, to the welfare of the whole group
(Muoi, 2002). Thus, in the implementation of
EBRM, the free-rider problem, which can con-
strain collective action for rodent management
(Palis et al., 2004a), was less of a problem be-
cause of the embedded trust among community
members, especially among members of the
agricultural cooperatives. The norm of working
in small groups intermittently for rodent man-
agement was easily transformed into commu-
nity action at key times of the rice growth stage,
particularly in the first 2 weeks of transplanting
until maximum tillering, which is around
30-40 DAT.

Pesticide Safety

Although pesticides have played a major role in
food production since the Green Revolution in
the 1970s, they also caused adverse health eff-
ects. An estimated 1.3 billion workers are active
in agricultural production worldwide and 80%
of these are found in Asia (Rice, 2000). Accord-
ing to the International Labour Organization
(ILO, 2014), from more than 2.3 million fatal-
ities that take place annually, over 2 million are
caused by work-related diseases. In the Philippines,
studies had shown that human health, espe-
cially of the farmers, is at risk due to pesticide
exposure (Pingali et al., 1994; Kedia and Palis,
2008; Lu et al., 2010). Poisoning cases were at-
tributed to lack of protective equipment and use
of defective equipment (Jeyaratnam, 1995;
Andreatta, 1998).

Personal protective equipment, in the form
of gloves and masks, was promoted among 162
Filipino farmers and pesticide applicators to
minimize the adverse health effects of pesticides
(Palis et al., 2006). Around 70% of the farmers
and labourers were not willing to pay for the
PPE, particularly the gloves, for the following
reasons: gloves were too stifling, uncomfortable,
and can cause a condition called pasma, which
literally means ‘spasm’ or ‘exposure illness’. This
concept of pasma is generally believed to be
caused by hot/cold syndrome and is character-
ized by weakness or trembling muscles, as in

symptoms seen in arthritis, numbness and par-
alysis (Hart, 1969). The effects of pasma, like the
effects of overheating when wearing gloves or
taking a cold shower right after spraying, are
thought, by Filipino farmers, to be worse than
the effects of pesticides (Palis et al., 2006).

The inadequate protection of rice farmers
from pesticide hazards can also be gleaned from
their perceptions and beliefs about illness and
pesticides. The farmers perceive illness in terms
of inability to function. They think that pesti-
cides may not be a threat because they are im-
mune to them and because these are regarded as
medicine that is needed by the plants. They as-
sume that exposure is only through inhalation
and ingestion and not through dermal contact
(Palis et al., 2006).

Immunity or non-susceptibility to pesti-
cides was seen as inherent to a person and not as
the result of precautions taken. Inherent im-
munity to pesticides is associated with ‘strong
blood’ or malakas na dugo (good health and
youth), thus explaining the farmers’ notion that
pesticides only harm certain types of people (i.e.
the old and the weak). This belief has led to
farmers employing their sons or hiring young
people as pesticide applicators, as soon as they
are old enough to spray, in the belief that young
men are less susceptible to pesticide poisoning
because they are younger and stronger or kaya
ng dugo.

The dual concept of pesticides —as poison to
pests and as medicine to plants — has led to diver-
gent views about their health effects on humans,
that pesticides are either harmless or harmful
(Palis et al., 2006). According to farmers, pesti-
cides are harmful because they Kkill not only the
pests, but also people and animals. This is evi-
dent in their re-interpretation of the pesticide di-
chotomy that, if pesticides were people, they are
viewed as insincere people because they show
good but have bad intentions, politicians who
hide their true identity but do something differ-
ent from what they say, and usurers who give
money but charge high interest. Pesticides, to
farmers, come in as both good and bad in the
same package. There is the belief that pesticides
help in killing insects but other lives are sacri-
ficed in return.

The implication here is that health educa-
tion programmes should tap the farmers’ belief
system and cognitive categories when stressing
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the need for precaution in using pesticides.
These programmes should likewise stress the
poison angle of pesticides, as the proper choice
of words is critical in educational campaigns for
safety practices in pesticide use. Furthermore,
the practice of IPM that discourages the use of
pesticides should be widely and continuously
promoted.

Water-Saving Technologies

Water plays a critical role in rice production, es-
pecially in the irrigated ecosystem wherein 75%
of global rice is produced (GRiSP, 201 3). It takes
some 3000-5000 I of water to produce 1 kg of
irrigated rice (IRRI, 1995). An inadequate sup-
ply of water during crop establishment and at
vegetative and reproductive stages of the crop
would mean a significant yield reduction, while
an oversupply of water is an avoidable waste.
But water is becoming scarce because of the in-
crease in multiple competing demands, i.e. in-
dustrial, domestic and safe drinking water, and
sanitation. This is further exacerbated by the in-
creasing adverse effects of global climate change
such as the El Nifo phenomenon, where rising
temperatures translate into increased crop water
demand (FAO, 2011). This continuous wasteful
reduction in water supply threatens food secur-
ity in Asia and increases the cost of irrigation
development as well as any kind of water use in
general.

Water-saving technologies are important
to safeguard food security, economic security
and water supply for multiple uses of Asian
farmers and the Asian population in general.
One such water-saving technology is alternate
wetting and drying (AWD), which was devel-
oped by the International Rice Research Insti-
tute (IRRI) to reduce water consumption in
irrigated rice and at the same time produce
more rice with the same amount or less water
(Bouman et al., 2007). It entails an irrigation
schedule where water is applied to the field a
number of days after the disappearance of
ponded water, in contrast to the common prac-
tice of continuous flooding. Although there is
no standing water in the field, under AWD, rice
plants may not be under stress because roots
are adequately supplied with water. With AWD,

it is estimated that at least 25-30% water re-
duction can be achieved in irrigated rice
production, including those with pump irriga-
tion systems (Palis et al., 2004).

The AWD was validated and promoted
among farmers in the Philippines, Vietnam and
Bangladesh through farmer participatory action-
research using a multi-stakeholder partnership
platform. There were some variations though,
depending on the socio-political organization
and culture of respective societies.

Philippines

The AWD was introduced and promoted in a
deep-well pump rice cultivation system among
farmers who were members of an irrigation ser-
vice cooperative in Tarlac, Philippines. Two
dry-season experiments were conducted by 12—
15 farmers. Each farmer had two plots with
500-1000 m? one plot for farmers’ practice
(FP) and the other one for AWD or controlled ir-
rigation (Palis et al., 2004). The selection of
farmers was based on motivation and willing-
ness to participate in the field trials and on on-
site criteria such as accessibility to the farm,
spread of farmers across the site, position in the
toposequence and nearness to the pump. The
farmer participatory experiment was done in
partnership with rice farmers, scientists, exten-
sion agents, irrigation engineers and staff of the
National Irrigation Administration (NIA) (the
government agency responsible for the irriga-
tion systems in the country), Bureau of Soils and
Water Management (BSWM), the Philippine
Rice Research Institute (PhilRice) and local
government units.

The AWD approach uses a tool, a perched
plastic tube inserted into the soil, to monitor the
water table in the field. Serving as a decision
tool, it tells one when to irrigate the farm. Thus,
during the 2002 experiment in the dry (DS) and
wet seasons (WS), farmers used this tube to
monitor the water level below the surface to de-
termine if irrigation was needed. When water is
15 cm below the surface during DS and 20 cm
during WS, the farmer needs to irrigate the AWD
plot. It also requires a 3—5 cm depth only, in con-
trast to the common practice of gauging 10-12
cm depths when farmers irrigate their rice fields.
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After the experiment with 12-15 farmers,
scientists and other partner stakeholders, AWD
was implemented in the P-38 deep-well system
level with 63 farmers. After a season-long
implementation, farmers did not use the setup
any more. Instead, farmers replaced these with a
perched bamboo tube and a meter stick (Fig. 6.1).

At the same time, instead of monitoring
the irrigation water and measuring the 5 cm
water depth, which is required for AWD, they
just maintained a 5 cm water depth by reducing
a certain portion of the paddy bunds (Fig. 6.2).
So, they do not need to actually measure water
in their respective farms, because the water
automatically flows to the next paddy until the
farm is fully irrigated. After 1 year of implemen-
tation, farmers no longer used the tube; they
just stomped on the soil to see if irrigation was
needed.

AWD indeed saved water significantly, by
21% and 26% in the 2002 and 2003 DS, respect-
ively, with a maximum saving of 33%. Likewise,
irrigation cost was reduced by 25% in the 2002
DS and by 20% in the 2003 DS. Furthermore,
there was no significant yield difference between
AWD and FP plots in both years (Palis et al.,
2004b). In like manner, profitability of AWD was

significantly higher in the 2002 DS, but it was
not significant in the 2003 DS. This indicates
that the profitability of AWD may be higher than
or similar to that of FP. But if water savings are
considered as an added benefit that FP cannot
provide, AWD proved to be the better alternative
irrigation scheme.

Farmers were also partners in the dissemin-
ation of AWD. Farmer participatory extension
was done through field days attended by farmers
from several places, especially from nearby towns
and provinces, in the country. The farmers do the
talking and the scientists and local partners
do the facilitation. Through this arrangement,
understanding between fellow farmers is achieved
and local knowledge is brought to the forefront,
enhancing farmer acceptance and adoption of
AWD technology.

From this pilot farmer participatory experi-
ment on AWD, where farmer knowledge was eff-
iciently integrated, a policy emerged through
Administrative Order 25 on 11 September, 2009,
which stipulated that AWD should be the main
water-saving technology (Sibayan et al., 2010).
Through this policy, funds were made available
for massive dissemination by NIA, BSWM and
PhilRice. Since then, AWD has been used as the

Fig. 6.1. Bamboo perched tube and a metre stick (photo: IRRI).
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Fig. 6.2. Maintaining the water depth through bund reduction (photo: IRRI).

banner programme of NIA for nationwide im-
plementation through the active participation
of irrigator associations (IAs). Likewise, the
BSWM implemented AWD on pump-irrigated
rice production areas largely through irrigated
service cooperatives.

Bangladesh

It was in 2004 that AWD was introduced in
Bangladesh by IRRI to the national agricultural
research and extension system (NARES) of the
country, starting with the key partner: the
Bangladesh Rice Research Institute (BRRI)
(Palis et al., 2016). AWD was presented to farm-
ers through a simple tool — a perforated water
tube, now widely known as pani pipe (pani means
water in Bangla, the national language of
Bangladesh). The same principle was followed
for AWD practice.

Farmer participatory research was also done
through demonstration plots in farmers’ fields. It
focused on a process of sequential reflection
and action by farmers where local knowledge is

appreciated and utilized for research planning
(Cornwall and Jewkes, 1995). Farmer field days
were likewise organized to showcase the AWD
technology to a larger audience for out-scaling.

Demonstrations were coursed through many
channels: individual pump owners, farmer field
schools, and by group or block. Through demon-
stration plots, farmers were able to have prac-
tical experience with the technology, while other
farmers had the opportunity to observe the per-
formance of the standing crops. In the begin-
ning, farmers used the perforated perched tube
or pani pipe to determine the appropriate time to
irrigate their respective rice fields. However, after
the first-hand experience with AWD technology,
farmers started using locally available materials
to substitute for the pani pipes, particularly the
cola bottles; farmers cut the upper portion of
the cola bottles (Fig. 6.3). At harvest time farmer
field days were organized in key demonstration
trials/sites. Invited to these events were farmers
within and among the neighbouring villages, as
well as private and public organizations and the
mass media.

Farmer participatory training on AWD
provided to farmers played a key role in the
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Fig. 6.3. Plastic cola bottles used to monitor water level (photo: IRRI).

successful dissemination of AWD (Kiirschner
et al., 2010). The active participation of farmers
in the validation and demonstration trials in-
duced farmer-to-farmer learning and sharing.
From the 121 farmers surveyed, around 21% of
those who did not adopt said that they did not
receive adequate training or did not understand
AWD. The timing in the conduct of AWD train-
ing, however, is important; it should be given
during the early part of the DS.

A number of perceived advantages and
risks with AWD were reported by farmers and
pump owners (Kiirschner et al., 2010; Palis
et al., 2016). Some of the advantages are that
AWD saves water, fuel and electricity for irriga-
tion, thereby resulting in less irrigation costs,
and it increases yield as well. Regardless of the
perceived advantages reported by farmers and
pump owners, AWD adoption can still be con-
sidered low. The key factors that were identified
to influence AWD adoption by farmers included
unreliable water and energy supply, farmer or-
ganization and collective action, type of irriga-
tion system, incentives for pump operators (deep
tube wells) and pump owners (shallow tube
wells), and the payment arrangement for irrigation

services (Kiirschner et al., 2010; Rahman and
Angelsen, 2011; Palis et al., 2016).

Conclusion

From much of the work presented, it is clear that
indigenous knowledge is central to the adapta-
tion and adoption of best practices for natural
resource management in rice production. In
turn, the adoption of these best practices for nat-
ural resource management (such as AWD and
IPM-FFS) has paved the way to higher yield and
income, which implies increasing food produc-
tion and improving farmers’ income.

The way local knowledge was elicited and in-
tegrated with Western knowledge could serve as
impetus in fostering the utilization of indigenous
knowledge for technology extension and adop-
tion. Its use in this area should therefore be en-
couraged to realize multiple impacts on farmers’
lives, be they economic, social, cultural, political,
or environmental. This blending of local and sci-
entific knowledge would significantly contribute
to the goal of reducing hunger, alleviating pov-
erty and securing environmental integrity.
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4 Seeds of the Devil Weed:
Local Knowledge and Learning
from Videos in Mali

Jeffery Bentley,* Paul Van Mele, Sidi Touré, Tom Van Mourik,
Samuel Guindo and Gérard Zoundji

Since 2006, the International Crops Research
Institute for the Semi-Arid Tropics (Icrisat) and
partners have conducted farmer field schools
(FFS) to experiment with options to control striga,
a weed so difficult that some call it the ‘devil weed'.
As a result, practical and profitable integrated
striga and soil fertility management practices
have been developed for pearl millet and sorghum.
The farmer field school experiences provided the
key building stones for a number of videos related
to ISSFM. In 2011, Icrisar approached Agro-
Insight to have their staff and their partners in
Niger, Nigeria, Ghana and Mali trained in the pro-
duction of farmer-to-farmer training videos. When
the teams went back to the farmer field schools
to film the videos, and the farmers began talking
about how they managed striga, Icrisar realized
how much the farmers had learned in the FFS.
The ten ‘Fighting Striga’ videos comprise a set
that gives the background biology and ecology to
help the farmers understand how control options
work and also gives them clues to adapt those op-
tions to their local circumstances. The videos use
an animation (a technical cartoon) to show how
striga seeds germinate and attach themselves to
the roots of a cereal crop (or die, if germination is
stimulated by a legume, cotton or tobacco crop).
In 2012, the series of farmer training vid-
eos was translated into French, English and six

* Corresponding author; e-mail: jeff@agroinsight.com

major West African languages (Bambara, Bomu,
Hausa, Mooré, Peulh and Zarma). In 2013, the
videos became more widely known and popular.
The 8-12-minute videos were put on to a single
DVD under the title ‘Fighting Striga’. On the
opening page, people could select any of the
eight languages. The videos could be watched in
any order and each one was standalone. An
overview and short description of each video is
given in Box 7.1. To make sure the videos got
into the hands of service providers and farmers,
in Mali Icrisar distributed some 10,000 copies of
the ‘Fighting Striga’ DVDs to many organiza-
tions and individuals.

With the involvement of 173 extension
agents, more than 12,000 farmers watched the
‘Fighting Striga’ videos through public screen-
ings (Table 7.1). Some of the 13 villages visited
in 2014 had FFS and the videos; others had only
watched the videos. Most of the villages saw the
videos in 2012, soon after they were released,
except for two villages that saw them later.

Farmers Learn from Videos

From 10-21 November 2013, we visited 11
groups of farmers in ten villages in three regions
in Mali: Sikasso, Koulikoro and Ségou to learn

© CAB International 2017. Indigenous Knowledge: Enhancing its Contribution to
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Box 7.1. Description of the ten farmer-to-farmer training videos under the ‘Fighting Striga’ series.

1. Striga biology

How the weed develops from tiny seeds, not from the roots, as many people think. Striga is a true para-
site which attaches itself to the host’s root, then remains hidden underground for weeks, so it is the last
weed to emerge, and escapes the early season weeding.
http://www.accessagriculture.org/node/241/en

2. Integrated approach against striga

Fertilize the soil with composted manure, because striga damage is worse in poor soils. Add small
doses of mineral fertilizer to the base of the plants and intercrop with legumes which kill striga. Hand
pull remaining striga plants before they bear seed.

http://www.accessagriculture.org/node/243/en
3. Succeed with seeds

real conditions.
http://www.accessagriculture.org/node/245/en
4. Composting to beat striga

http://www.accessagriculture.org/node/247/en

5. Micro-dosing

http://www.accessagriculture.org/node/249/en
6. Animals and trees for a better crop

http://www.accessagriculture.org/node/251/en
7. Storing cowpea seed
enough seed to intercrop cowpea with cereals.

http://www.accessagriculture.org/node/253/en
8. Grow row by row

http://www.accessagriculture.org/node/255/en
9. Joining hands against striga
http://www.accessagriculture.org/node/258/en
10. Let’s talk money

http://www.accessagriculture.org/node/260/en

How to test crop varieties to find the ones that are the most resistant to striga and adapted to farmers

Tips on making compost from manure and crop residues, especially in an arid climate.

Less is more; apply smaller amounts of fertilizer to the base of the plant, instead of spreading it over the
whole field. This improves yields and saves money.

Livestock can eat the leaves and seed pods of some trees, leaving manure to fertilize crops, especially
if farmers establish friendly relationships with herders.

Simple ways to keep insect pests out and keep cowpea seed healthy and viable, so the household has

Cowpeas and other legumes are trap crops which stimulate striga to germinate, but not to attach to the
host’s roots. Intercropping and rotating with legumes Kills the striga seed in the soil.

Weeding is pretty boring and tedious work, but farmers can beat the drudgery by working together.

A brief view of costs and benefits under farmer practice and integrated striga and soil fertility management.
Managing striga costs more, but the bigger yields are worth it.

)

about technical innovations and agricultural ex-
periments farmers had undertaken after watch-
ing the training videos. We used a simple ques-
tionnaire and did follow-up phone interviews in
some cases. These interviews were designed to
build on quantitative data which Icrisar is col-
lecting. In 2014 we interviewed farmers in 13
villages (mixed groups of women and men)
about social innovations they had tried after
watching the videos.

Some technical innovations can be adopted by
individuals; for example, a single person, working

alone, can change the sowing density of the peas,
without worrying about what the neighbours are
doing. Other technical innovations are obligator-
ily social. For example, adopting the cell phone in
isolation makes little sense; the experience is
greatly enhanced if one’s friends and contacts
also get phones and exchange numbers.

In this study we wanted to see what sorts of
social innovations the villagers were trying in
order to facilitate technical innovations; for ex-
ample, women in Benin joined together in groups
to parboil rice (Zossou et al., 2010). We were also
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Table 7.1. Screenings of ‘Fighting Striga’ videos in Mali, 2013 (table compiled by the authors with data

provided by IcrisaT).

Number of village

screenings Men Women

Children Audience size

156 5309 3423

3490 12,241

looking for socio-structural change not neatly re-
lated to technology (new savings and loan groups
might qualify as an example). Watching videos is
an example of didactic learning, which allows
farmers to incorporate outside ideas into local
knowledge (Stone, 2016).

The seed growers (village of Siby)

In Siby we met a few men from a seed producers’
group CooproSem (Coopérative pour la Promo-
tion de la Filiere Semence de Mandé). Cooprosem
was started in Siby in 2006 with nine farmers
who had previously helped Icrisat with partici-
patory selection of sorghum varieties (for Striga
resistance and other traits). Later the farmers
asked Icrisat for seeds from the selected varieties,
but were told that Icrisat only had foundation
seed (i.e. used to produce certified seed). So the
farmers organized the cooperative to produce
certified sorghum seed, by planting foundation
seed from Icrisat. By 2009 CooproSem was pro-
ducing certified sorghum seed on five ha, and
selling it to seed companies, projects and other
farmers (Dalohoun et al., 2011). This example
shows that contact with research organisations
can lead smallholders to make institutional in-
novations. As we will see later in this chapter,
videos can also induce social innovations. The
group recalled the content and how the part
about striga biology impressed them, to know
how the seeds spread and that animals could
even be a vector for the striga seeds. They had
also innovated. One farmer described a kind of
intercropping he had innovated. He put two
cowpea seeds and three or four sorghum seeds in
one hole. In the next he only put sorghum. The
cowpea covered the soil, and he put small doses
of nitrogen fertilizer into the soil. They also
waited until the ground was soft to hand pull the
striga, so as not to break it off at the roots, a
technique shown in the ‘Joining hands against
striga’ video. One farmer also covered the crop

deeper at the time of ridging, to keep the striga
from coming back up.

Innovating with seed storage
(village of Sanambelé)

In Sanambelé, Karim Coulibaly (a mature man),
Maimouna Coulibaly (peanut farmer and infor-
mation secretary for a woman's group) and Sou-
leyman Sacko (youth) had adopted some ideas,
mainly the use of chilli and native plants to store
cowpea seed. Karim used a plant called benefi
which he saw on the video. After threshing the
cowpea, he winnowed the seed and put it in
the granary with the benefi, one layer at a time.
Maimouna used chilli powder to conserve her
groundnut seeds. She put in layers of chilliin the
groundnut seed, as shown in the cowpea seed
storage video, and the insects did not attack. She
also used the leaves of the chilli plant, which is
an innovation not shown on the video.

Cropping patterns
(village of Yorobougoula)

The village had a farmer-trainer from the NGO
Mobiom, Bakary Diallo, who showed the videos
in the village. The farmers recalled a lot, such as
how the video showed working together as a
community to control striga. The people put
many ideas into practice. For example, Bakary
Diallo started making compost out of manure
after watching the video, but he made it on top of
the ground, instead of in a pit. This innovation
saved him the work of digging a pit. He had tried
micro-doses of fertilizer in sorghum, as discussed
in the video, but also in cotton, which was his
own innovation. Sira Diakité, a farmer and small-
scale merchant, tried intercropping cowpea with
sorghum, but she put in three lines of cowpea for
each one of sorghum, because she wanted more
fodder for her animals. People adapted the ideas
for their own needs, specifically the intercropping
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technique. Fanta Diallo remembered inter-planting
sorghum and millet with groundnut and cow-
pea, which is a good point, since the video only
mentions groundnut in passing, while stressing
cowpea, so she was paying attention. She had
experimented with a new way of intercropping
millet with cowpea, and sorghum with cowpea,
and had seen that the cowpea kept the soil
humid. Intercropping allowed her to earn more,
because besides her cereal harvest, she got the
cowpea crop residues to feed to her livestock. She
also remembered the integration of livestock and
agriculture. They had practised that for a long
time here, but now people understood that the
two really were compatible and people were im-
proving their arrangements between pastoralists
and farmers. Now farmers had more crop res-
idues and so they could give some to people who
had animals.

Video and Farmer Field School

Representatives from FFS groups in Makandi-
ana, near Siby, said that:

e the videos allowed them to see how the stri-
ga seeds spread, which can be in an ani-
mal’s dung, making livestock a vector for
striga; and

e  Dbefore, they used to leave striga in the field
after weeding it, but now they see that it is ne-
cessary to take it out of the field and burn it.

When we asked what they wanted for future
videos, local farmer Bamory Camara had in-
vented a new way of intercropping sorghum and
cowpea, by planting the cowpea 15 days after the
sorghum. He said he wanted to make one on the
intercropping style he had invented. That shows
a lot of self-confidence and that they know that
the farmers in the videos are real, not a sham.

In Gnamana village near San, the FFS
farmer-facilitators sat waiting in the shade of a
millet storage platform. They were dignified elder
men who all had a notebook or a sheaf of pa-
pers. They had led an intensive cluster of five FFS
for their neighbours. The first year was a con-
ventional FFS on integrated striga management,
sponsored by International NGO World Vision
and supported technically by Icrisar. By the
second year they had received the striga videos
and showed them all.

In Gnamana village, a farmer called Mama
Fabe said that he had not realized that striga came
from seeds until he saw the videos. Not to have
noticed this key bit of bio-ecological background
was quite an admission for a person who had al-
ready received training and then led an FFS on
striga, but not everything can be observed with
the naked eye in a field of sorghum. Scientists
have the time and use the tools to observe these
difficult-to-observe truths. Striga seeds are so
small that they look like powder. They easily
escape notice. Through the videos, scientists can
explain this fact to a large audience.

The videos had also helped the expert farmers,
because they all did experiments. In Gnamana
village, one farmer named Bouba Tangara tried
micro-doses of 6 g of mineral fertilizer per millet
hill. He measured the 6 g by taking three pinches
with three fingers. Another farmer called Mama
Fabe intercropped two lines of millet with three
of cowpea, leaving no space for striga and ob-
taining a good production. He also intercropped
his maize with cowpea. Local farmer Brama
Tangara mixed urea and mineral fertilizer in a
micro-dose with cowpea seed. At only 7 kg per
0.25 ha, he was surprised at how much the yield
improved. He mixed the seed with the fertilizer in
a small container and planted them together.

Gnagalé Camara, the leader of a women'’s
group called Gneléni (which means ‘light’), watched
all ten videos at home, twice, by borrowing her
brother’s laptop. She used a lot of hand pulling, and
she had innovated by using a short-handled hoe in
herright hand to get under the roots, as she plucked
up the plant with her left hand. It is a clever adapta-
tion not shown on the videos. This would help in
developing future videos.

Table 7.2 summarizes farmer experiments
with new ideas, after watching the videos.

Institutional Change in Villages

Several of the villages had groups of women and
youths that did wage labour, and they added hand
pulling of striga to the roster of services they offer.
Table 7.3 gives a list of institutional changes. The
cooperatives in the village of Sirakelé added hand
pulling of striga as a reciprocal service between
members. Someone reports striga and the others
go to the field to help pull up the weeds, which is a
kind of early-warning striga control. In the village



Table 7.2. Farmer experiments after watching ‘Fighting Striga’ videos.

Village and farmer group Compost

Micro-dosing

Hand pulling

Intercropping

Storing cowpea seed

Varietal testing

Siby
Seed producers, Making good
Cooprosem compost in a pile
on top of the
ground
Siby
Gneléné women’s
group
Makanjana
Representatives from Making compost,
several FFS®@ but applying it to
tomatoes
Sanambelé
Villagers (not
organized)

Yorobougoula
Some people linked  Making compost
to Mobiom and pit. Also making
other neighbours compost on top
of the ground
Nampossela
FFS2 group (they Good compost

learned these controlled striga
ideas in the FFS; and raised yields.
only one of them Less striga

saw the video) germinates

Micro-doses of
organic fertilizer
on sorghum and
cotton

After hand pulling
place soil over the
base of crop to
keep striga plants
from emerging

Lots of hand pulling.
Uses hoe to avoid
breaking striga

Many use hand
pulling and it does
control striga

Several sorghum with
cowpea mixes,
with nitrogen.
Maize with cowpea
and with groundnut

Experiments with
sorghum with
cowpea

Experiments with
millet and sorghum
with cowpea

Cowpea with
sorghum and with
maize lowered the
germination of
striga

Stored cowpea seed with
repellent plant. Mixed
chilli powder with
groundnut seed in
storage to discourage
insects

Triple sack to store
cowpea seed

Continued

IlelN Ul SoapiA woly Buiuies pue abpamouy| 8007 (pE8MA [IA8( 8Yl JO Spaes

6.



Table 7.2. Continued.

Village and farmer group

Compost

Micro-dosing

Hand pulling

Intercropping

Storing cowpea seed

Varietal testing

Sirakelé
Women’s group and
other groups

Yorosso
Ben Kadi

Souara
Farmers who helped
make video on
compost

Gnamana
FFS? farmer
facilitators

Wakoro
People from two
FFS? and some
variety testers

Four people

have made
compost pits

Good compost

stops striga from
germinating

Many make

compost pits.
They know
compost helps
control striga

They learned about

compost in the
video

Several made

compost, but
because of a lack
of water some
made it once
instead of twice
during the year

Micro-doses of

compost

Micro-doses of

compost

Micro-dose of

mineral fertilizer
and urea

Micro-dose of

urea, and
planting seed
closer together.
Micro-dose of
mineral fertilizer
mixed with seed

The community

organizes to hand

pull striga

Hand pulling striga

The village does
hand pulling

Uses hand pulling
with micro-dose

Sorghum with
cowpea and with
groundnut

Millet with cowpea
prevents striga
from growing

Sorghum with
cowpea

Testing new

sorghum
varieties.

Watched video to

help select
seed. In an
FFS? they
chose six
varieties. After
the film they
selected
varieties based
on yield,
resistance to
striga and ease
of drying

@FFS, farmer field school
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Table 7.3. Institutional change in the villages after watching the videos.

Region and village  Change Notes
Mopti
Promani Strengthened They formed groups during the FFS®, with AKF®), but after watching the videos they made special women’s groups;
groups 20 new men and 25 additional women joined the groups. These changes were probably stimulated by AKF
Madiama Strengthened After the videos their groups were strengthened and they started a large cooperative. Probably due more to the
groups organizational efforts of AKF® than to watching the videos. Women’s group tends a collective field using striga
control and puts the money from the harvest in their caisse
Kouna Video committee After the first screening, village leaders organized a video committee, which played the videos every night for 2
weeks, and took them to outlying hamlets, so that everyone saw the videos
Torokoro None
Orgnon Women’s savings They claim to have started small groups for women after the videos. The women claim that they organized a savings
and loan and loan group as a result of watching the video. The president of the women’s association recalled the video
‘Let’s Talk Money’ and claimed that it helped them
Ségou
Dobo Hand pulling striga  The groups already existed. Some were organized spontaneously and some with outside help. After the videos, each
(from FFS) one also organized to hand pull striga, which is now institutionalized in the village, but the villagers attribute it more
to the FFS® than to the videos
Hasso Hand pulling striga  The groups already existed but were strengthened, e.g. adding tasks like hand pulling striga and making compost
and compost which are difficult to do alone. Groups that already did tasks like weeding fonio and harvesting groundnut began to
cooperate to dig compost pits and transport manure
Daga Hand pulling striga  Groups of women and youth that already existed to do farm work for pay. After watching the videos, these groups
added hand pulling of striga to the list of services they offer, and farmers hired them to do it. They are not always
able to meet the demand from farmers (Guindo, 2016)
Togo Hand pulling striga  No new groups were formed, but existing ones were strengthened. Groups of women who did farm work for wages
added hand pulling as one of their services. It is now much in demand
Sikasso
Nampossela Slight The groups that already existed grew crops to sell, bought and sold cereals, or did farm work for cash
Zantiela None
N’'Tonasso New women’s Groups started by AMEDD® because of their experience with FFS and filming the videos
groups formed
Sirakélé Hand-pulling Both cooperatives now pull striga. If a member reports striga, the others help to pull it up. One of the women’s groups
striga and piles striga and burns it. The women say that the ‘Let’s talk money’ video has helped them to analyse their

counting money

accounts and tell if they have made money or not

@FFS, farmer field school
®AKF, Aga Khan Foundation
©AMEDD, Association Malienne d’Eveil au Développement Durable
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of Togo, about 80% of the people in the village
had seen the videos. The groups of women who
were already organized to work for wages (e.g.
doing weeding and harvesting) added pulling up
striga to their repertoire. Some people worked in
groups to make compost, or to haul it.

Small groups and a long-running field
school (village of Promani)

The president of the cooperative (Fig. 7.1) and
the president of the FFS and three of the FFS
trainers said that, in the videos, they saw that
some women were organized into women'’s
groups, so they decided that they could do that
too. After creating a special group for women it
grew from just the five trainers to include a total
of 30 women in 2014. The cooperative grew from
30 to 50 people. That is one of the institutional
changes which the villagers themselves at-
tributed expressly to the video. As we have seen
in Benin, just seeing people do certain things

together may be enough to stimulate thoughts
of emulating them (see Zossou et al., 2010).

The FFS graduates are still doing experi-
ments. The head of the cooperative, Bakar Couli-
baly, showed us one of his. This millet field had
been split into plots. The thriving millet on the
right side was fertilized with micro-doses of com-
post, while on the left side the millet was inter-
cropped with cowpea, but not fertilized (farmer
experiments often test two variables at once).
(Fig. 7.2). People were still experimenting, years
after first learning to manage striga. Gorou Traoré,
president of the local farmer field school, said that
striga was their worst problem, except for rain,
and no one could control the rain. Koumba Daou
showed us her field of millet and cowpea: one row
of cowpea and two of millet, with some goat ma-
nure, so the videos really had inspired technical
change. She said she no longer had striga prob-
lems. The videos were actually designed to include
women-friendly technologies. When the video
makers showed the rough edit of the livestock
video in northern Ghana, women suggested
adding footage of small livestock like goats,

Fig. 7.1. Farmers like field schools and, if given the chance, may participate for years, adding new, creative
experiments along the way.
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Fig. 7.2. A farmer experimental field, with millet fertilized with a micro dose of compost on the right, and

unfertilized millet intercropped with cowpea on the left.

otherwise the film might have inadvertently
implied that soil fertility can only be improved
with cow manure, which is men’s property.

Gorou Traoré showed us his plot. He put 2 kg
of mineral fertilizer on a 300 m? plot; another
field had two rows of millet and one of cowpea
(Figs 7.3 and 7.4). The Aga Khan Foundation
(AKF) extension agent came about once a month
to advise them on their experiments. Gouro was
testing the millet varieties Toroniou and Guéfoué
16, with the cowpea variety Dunafana.

Koumba Daou was intercropping two rows
of millet with one of cowpea, fertilized with goat
manure. It was the fourth time she had done it
and the two techniques had reduced the striga in-
festation. The women had to go through men to
get a field. One year they may get a field and man-
age the striga and then the next year they may get
a different field full of striga. Land tenure is key.

The video committee (village of Kouna)

In the village of Kouna they did not have FFS.
But when an extensionist brought the striga
videos in 2012, the village leaders watched

them, and although they invited 40 people,
more than 40 came. They liked the videos so
much that they decided to show them to every-
one; they set up a special video committee and
screened them in the place publique for 2 weeks,
until everyone in this large village had seen
them. They got 11 copies of the DVD. People from
the nearby hamlets came to watch the videos
in the village centre, and people took the DVDs to
watch in the further hamlets.

Strengthening cooperatives and groups
(village of Sirakelé)

This village organized a large screening of 500
people, attended by Icrisatr, AMEDD (Association
Malienne d’Eveil au Développement Durable) and
Amassa (Agence Malienne pour la Sécurité et Sou-
veraineté Alimentaire). Then they watched the
videos three times in small groups of 30. They
remembered the video contents well. They were
organized into cooperatives. One had 26 men
who sold grains to the World Food Programme
(WFP) and produced millet seed to sell to farm-
ers. A women's cooperative worked a collective
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Fig. 7.4. In another plot, Koumba Daou intercropped two rows of millet with one of cowpea, fertilized with
goat manure.
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field, and they harvested for other farmers for
wages. It was an old group and there were also
older groups of women. The cooperatives have
had a lot of input from the non-governmental
organizations (NGOs). If a member reported
striga, the men’s group went to his field and
pulled it up, because it was tedious to do alone.
And they wanted to pull it up before it went to
seed. Knowing about striga seed may be the key
drive to act speedily, stimulating people to act in
groups rather than alone. In two villages (Or-
gnon and Sirakelé), young women said that
they had paid more attention to their account-
ing after watching the video ‘Let’s Talk Money'.
It helped them to do their own analysis of costs
and benefits when selling food to the WFP.

Farmers continued to experiment with the
techniques they learned in the videos and FFS.
Many were trying hand pulling, intercropping,
micro-dose and crop rotation. The farmers al-
ready knew that composted manure enriched
the soil, but they rarely had enough compost.
From the videos, people learned that they could
add vegetal waste, especially cereal stalks, to the
compost and they were pleased that they could
now make more organic fertilizer.

Conclusion

In village after village, even if people had only
watched the videos once, they always had some-
thing intelligent to say about the contents, even 2
years after the screening. In each of the villages
visited, farmers tried out new ideas they had
learned from the videos. Farmers were not passive
observers and were sensitive to observe social
dynamics presented in videos. Farmers also made

social innovations, even though the videos were
not intended to trigger social change. In a previous
study, women in Benin watched a video on par-
boiling rice, which showed a small group of
women doing the job together. This had a great
impact on women in the audience, who decided
that they would no longer process the rice indi-
vidually but rather in a group (Zossou et al., 2010).
In this study in Mali, farmers were quick to notice
that striga weeding can be effectively done in
groups and started organizing themselves to do so.
There are several accounts from Niger where the
‘Joining hands against striga’ video sparked simi-
lar dynamics to the extent that even special village
days were organized to hand pull striga. All farm-
ers learned from the videos that the battle against
striga can only be won when they join forces and
apply many technologies together.

All of the villages were changed in some
ways, either by solving their striga problems, or
by changing their organizations, or both. Like
FFS, the videos do more than just explain tech-
nology. Farmers learn background biological
and ecological information, and then use that to
conduct their own changes.

The main technical changes included: hand
pulling of striga; making compost; micro-dosing
fertilizer and intercropping with legumes. Or-
ganizational changes included: strengthening
women'’s groups; groups adding striga pulling to
their repertoire of services and organizing to
watch videos.
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8 ‘1 will Continue to Fight Them’:
Local Knowledge, Everyday Resistance
and Adaptation to Climate Change
in Semi-Arid Tanzania

Lars Otto Naess*

Local knowledge! (LK) has over recent years
gained a prominent place in research, policy
and practice on adaptation to climate change.
A growing body of literature has demonstrated
the merits of local knowledge, both for instrumen-
tal or social justice reasons, to support adapta-
tion (Crate and Nutall, 2009; Reid et al., 2009;
Eriksen et al., 2011; Castro et al., 2012). On the
policy side, the reference to traditional know-
ledge in the Paris Agreement? to the United Na-
tions Framework Convention on Climate Change
(UNFCCQC) is significant, if long overdue.

Yet, this near-universal endorsement of
local place-based knowledge in adaptation lit-
erature hides a level of ambivalence over its role
and value, and a number of tensions remain.
Some of these tensions are well known, and ar-
guments well-rehearsed also in the broader lit-
erature on local knowledge and development.
These include the concern and critique over
documenting and ‘packaging’ of context-specific
information (Ellen et al., 2000) and the epistemo-
logical debates over science and local knowledge
(Pepin, 1996; Berkes, 2002). Another related
concern is that local knowledge, as embedded
in worldviews and cultures, may restrict options
available to people and hence increase rather
than reduce vulnerability to climate change

* E-mail: naess@ids.ac.uk

(Patt and Schroeter, 2008). Yet others relate to
the fact that some local and traditional practices,
in a modern cultural context and in the face of
climate change, may support short-term coping,
but will be maladaptive in the long run (Ford
et al., 2013). Thus, what prevails is often what
may be seen as a cautionary approach to local
knowledge, illustrated in the Paris Agreement’s
formulation that adaptation action should
be guided by ‘the best available science and,
as appropriate, traditional knowledge.” (Ford,
2013, p. 25).

Arguably, the tensions over the role of local
knowledge in part reflect the fact that much of
mainstream adaptation literature has a focus on
technology-driven incremental adjustments to
climate scenarios and climate impacts, amidst a
still emerging focus on root causes — social, polit-
ical, economic — of vulnerability and, with it, cri-
tiques of mainstream interventions of resilience
and adaptation (Brown, 2015; Watts, 2015).
However, in this chapter it will be argued that
the tensions also represent a bigger challenge,
namely that while studies of local knowledge
and adaptation have been good at bringing out
what can potentially be achieved by integration
of local knowledge, there has been less focus and
attention in the adaptation literature on how

© CAB International 2017. Indigenous Knowledge: Enhancing its Contribution to
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local knowledge is situated within the everyday
lives of people who tackle climate change amidst
arange of other livelihood shocks and stressors.

Illustrated by a case study in semi-arid Tan-
zania, this chapter shows how individuals and
households use LK and science, intermixing and
also circumventing rules and regulations, much
of which has the nature of everyday resistance —
challenging of internal and external norms, and
using scripts from local knowledge to justify
their actions that (as they are often aware) are
not sustainable, nor likely to help them in the
long run. The chapter explores how farmers,
faced with what people perceived as declining
and more unpredictable rainfall, little or no ex-
ternal support and less access to land, are able to
mobilize resources to navigate droughts. In turn,
what do the strategies tell us about the role and
importance of local knowledge for adaptation? It
will be argued that a focus on everyday resist-
ance is useful in that it helps to explain the per-
sistence of local knowledge-based practices and,
secondly, it helps to reflect on the often-repeated
call to integrate and promote local knowledge
for adaptation.

Local Knowledge, Everyday
Resistance and Adaptation

The contributions of local knowledge to climate
change adaptation have been well articulated
and documented over the past 10-15 years (e.g.
Riedlinger and Berkes, 2001; ACIA, 2004; Byg
and Salick, 2009; Petheram et al., 2010; Lebel,
2013; Leonard et al., 2013). However, climate-
related shocks and stressors have been central
in much of the work on local, indigenous and
traditional knowledge, which goes back many
decades (Brokensha et al., 1980; Chambers,
1983; Richards, 1985; Thrupp, 1989; Scoones
and Thompson, 1994; Warren et al., 1995;
Sillitoe, 1998). Local knowledge was central to
the argument about social responses to the
droughts and famines of the 1960s and 1970s,
for example. In this context, adaptation has had
a chequered history. Originally an ecological term,
the concept of adaptation first rose to promin-
ence — and contestation — during the 1970s.
Over the 1970s and 1980s, it became increas-
ingly associated with the notion of individuals

choosing to adapt (or not) to hazards (Burton
etal., 1978), increasingly challenged by work fo-
cusing on unequal power relationships and
structures that underpin vulnerability (Torry,
1978; Hewitt, 1983; Watts, 1983). Adaptation
re-emerged in the context of climate change
with the establishment of the Intergovernmen-
tal Panel on Climate Change in 1988 and the
UN Framework Convention on Climate Change
(UNFCCC) in 1992. Since then, the field of adap-
tation has spanned a range of disciplines and ap-
proaches, from a focus on responses to discrete
projected climate changes (‘impacts’ focus) on
the one hand, to a focus on adaptation as a
socio-political process (‘vulnerability’ focus) on
the other (O'Brien et al., 2007).

Following Friksen et al. (2015), adaptation
to climate change is considered here as a funda-
mentally socio-political process. Adaptation deci-
sions and actions are outcomes of complex pro-
cesses, steered by historical trajectories of power
that guide how changes are understood and
acted upon, and the range of options available.
This does not mean ignoring or downplaying the
physical manifestations of climate change as
adding and changing climate-related shocks and
stressors, but rather the view that those mani-
festations are determined by the hazards as they
converge with multiple interrelated historical so-
cial, political and economic processes. And this is
where local knowledge comes in as a central con-
cern. As Watts (1983) demonstrated, people’s re-
sponses are conditioned by the coming together
of historical processes of domination and mar-
ginalization with the cultural frames through
which people see and act on changes. Based on
Brown (2015), the focus here will be in particu-
lar on the role of local knowledge as affecting,
and reflecting, rootedness and resourcefulness,
but notably also everyday forms of resistance, the
latter based on Scott (1985).

Eriksen et al. (2015) usefully distinguished
three aspects of adaptation to climate change as
a socio-political process: authorities, know-
ledges and subjectivities. Authorities reflect the
way adaptation is framed, and by whom; know-
ledges relate to how discourses come into being;
and subjectivities to how people place them-
selves within this. In each, it is thus about how
adaptation is being promoted, but also how it is
being opposed. The concept of resistance, and
in particular everyday resistance (Scott, 1985),
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is useful here, as it cuts across all three aspects,
i.e. why and how authorities, knowledges and
subjectivities encompass resistance — to formal
adaptation interventions, to what types of
knowledge count and do not count, and from
whose perspective adaptation is conceived and
implemented. As Katrina Brown argued in her
recent book (Brown, 2015), adaptation (or re-
silience building) is ultimately about how people
make sense of and respond to climate change.
Brown (2015) focused on resistance — as in
everyday resistance (Scott, 1985) — along with
rootedness and resourcefulness.

Arguably, the literature on local knowledge
and adaptation to climate change has no short-
age of focus on resourcefulness, nor rootedness:
this is the core of the argument, namely that
while it is context specific, it demonstrates just
how resourceful people are, the knowledge they
have and how adaptation work can only ad-
vance, indeed succeed, if local knowledge is con-
sidered and duly integrated. There have been sig-
nificant advances over recent years in creating
dialogues and ‘level playing fields’ between sci-
entists and local people (e.g. Guthiga and News-
ham, 2011). However, there has been less focus
on how certain strategies are rejected or op-
posed. The starting point here is that a focus on
everyday resistance may help better formulate
the role of local knowledge in resolving some of
the tensions outlined above. As Kalland (2000)
argued, resistance may be to formal rules but
also to informal, culturally embedded rules:
people do not necessarily adhere to traditional
rules, especially in situations where knowledge,
values and worldviews are increasingly ‘hybrid-
ized’. We also know that local knowledge and
the norms and values they express reflect local
power structures and gender inequalities, but
like other aspects of local knowledge, these are
dynamic and changeable. Thus while local know-
ledge has, rightfully, been seen as crucial for under-
standing and opposing long-standing marginal-
ization and exclusion of local perspectives, views
and capacities (most visibly in relation to indi-
genous peoples and climate change, e.g. in small
island developing states (SIDS) and the Arctic?),
actions taken to support local knowledge may
also affect pathways for adaptation, for example
through intersecting with power relations. This
chapter will argue that attention to resistance
may help to contribute to uncovering nuances in

the role of local knowledge for adaptation,
which in turn may help towards understanding
why and how some interventions aimed at help-
ing individuals and households work while
others fail.

Everyday Resistance and Coping with
Drought in Semi-Arid Tanzania

Background

Central semi-arid parts of Tanzania, as other
dryland areas of Africa, have a long history of
droughts and famines and people have developed
arange of skills, practices, management systems
and institutions to tackle drought-related shocks
and stresses (Brooke, 1967; Rigby, 1969; Mad-
dox, 1988). This section will attempt to show
how many of the actions to cope with drought
may be considered as acts of everyday resistance
to authority, mobilizing resources in the face of
what is perceived as an increasingly challenging
social and environmental context.

Authority here comes in two main forms:
internal authority as reflected in traditional
norms and values; and external norms as ex-
pressed through policies and regulations on re-
source use. This section is based on ethnographic
research carried out by the author in 2006 in
two villages in Dodoma Region, central Tan-
zania. Data comprised 140 survey interviewees,
80 semi-structured interviews and eight focus
groups, along with transect walks and a range
of informal conversations with villagers. Key in-
formant interviews were conducted at district,
regional and national levels. 2006 was a
drought year in the study area and while inter-
viewees and discussions were based on recall of
historical (mainly) drought-related shocks and
stressors, they were also related to perceptions
of change and actions taken during the time of
fieldwork.

Dodoma Region is located in the semi-arid
areas of central Tanzania. The rural areas
around the municipality of Dodoma broadly
coincide with the historical area of Ugogo,
named after the dominant ethnic group in the
area, the Gogo. Rural parts of Dodoma are
among the poorest and most food-insecure parts
of Tanzania. The Gogo are described as agropas-
toralists or ‘cultivating pastoralists’ (Rigby, 1969).
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Cattle are historically a core part of their cul-
ture, but sedentary agriculture has become an
increasingly important part of Gogo livelihoods
over recent decades.

The area has a low and erratic rainfall pat-
tern, with a long record of devastating famines
(Rigby, 1969; Maddox, 1988) which are linked
to, albeit often not caused by, droughts. For ex-
ample, it is no coincidence that the worst famine
in oral history happened after the First World
War, during which colonial powers confiscated
food and required labour to support the war ef-
fort, leaving fields uncultivated (Maddox, 1988).
The following quote typifies the Gogo people
(Wagogo in Swahili) and their relationship with
the environment: ‘It is a way of life that has de-
fined Ugogo and the Wagogo; one that ensured
the survival of the society as a whole, if not all its
members, in an environment with little water
and uncertain grain supplies’ (Maddox, 1988,
p. 4). The quote embodies the ability of the Gogo
to adapt in a harsh and unpredictable natural
environment, in many cases using collective in-
stitutions, but also that these processes produce
winners and losers.

There was a strong perception in the study
area that the weather (used interchangeably
with the concept of climate) was changing. Of
particular concern were what people saw as less
overall rainfall, less reliable rainfall and warmer
temperatures, which all affected crops nega-
tively. A wide range of responses was documented.
Local knowledge played an important role in
identifying drought signals and their causes, as
well as responses to these. Examples include the
use of traditional signs to monitor rainfall (such
as trees, animals and rainstone rituals), oral his-
tory of past famines and their significance in re-
lation to the recent famine, perceptions of cycles
of rainfall and causes of these changes, and ob-
servations of the effects of changes on resources
that support livelihoods. There was concern in
the two study villages about what they saw as re-
duced rainfall overall and changing rainfall pat-
terns. There was no marked difference among
social groups with regard to observations, and
only two respondents in each village (who had
returned from living in the urban centre of Do-
doma and Dar es Salaam, respectively) linked
their observations of change to human-induced
emissions. Secondly, farmers had made, or
were in the process of making, a number of

changes to their livelihood strategies in response
to what they saw as a reduction in rainfall, over-
all and at crucial times during the year. The
main ways in which they were tackling droughts
in the short term included: (i) local resource use;
(ii) drawing on social networks and informal
structures; and (iii) (but limited) formalized
structures, notably distribution of emergency
seeds and food aid. A number of people had mi-
grated, many temporarily, to either Dodoma or
Dar es Salaam, to look for work. Despite this, re-
mittances played only a minor role in people’s
incomes. On the contrary, a common complaint
was that able-bodied men ‘came back to eat’
after harvest, contributing little to the house-
hold labour or incomes.

The following will focus on resistance to au-
thority in relation to two key livelihood re-
sources: regulation of access to natural forests;
and crop regulations, including emergency seed
support. As will be seen, both of these were sub-
ject to everyday resistance, but in different ways
and with different outcomes.

Forests: regulations and resistance

Forest reserves adjacent to the study villages
(Chigongwe and Chinyami forest reserves,* re-
spectively) were monitored by a forest officer at
the Division level, each reporting to the District
Office in Dodoma. Charcoal making and cultiva-
tion were major challenges in both areas, but
more so for Chigongwe than Chinyami. Many
farmers in both villages supported protection of
forest and trees. Much of this support was con-
nected to a widely held perception that trees
‘held’ rain and hence secured local rainfall. Loss
of large trees was seen as a major reason for the
recent drought and the perceived reduction in
rainfall over recent years. The awareness of this
was more widespread in Nzali than in Kigwe. In
Nzali, protection of large trees of particular spe-
cies were sanctioned in informal rules set and
enforced by the traditional leader (mtemi). Trad-
itionally, if villagers were caught while cutting a
protected tree, they were required to give a black
sheep to the mtemi to be slaughtered at the site
where the tree was cut, and the person would
have to confess in front of the mtemi. Informants
said this rule was still enforced, and had last
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happened only a few years ago. In contrast,
while respondents in Kigwe also referred to
drought as linked to forest loss, references to pro-
tected trees were fewer, and many were unaware
of any traditional restrictions on tree cutting.®

While respondents were aware of forest pro-
tection, and many expressed their support for it,
many were also clear that if they had the chance
and were able to, they would clear the forest to
cultivate or to make charcoal. Justifications for
people’s contravention of forest regulations fell
in two main groups of responses. One was that
the forest was their only option locally to secure
incomes and food during droughts, such as the
one they were experiencing at the time of field-
work. The rains were perceived as starting in the
forest areas and they could hence be sure to get a
harvest in the forest, unlike in the village, also be-
cause of better soil fertility, and less problem with
weeds. Charcoal and sesame were both secure
sources of income for those able to produce them.
The other main group of responses was that the
current government regime was unfair to those
who had lost land or were barred from using the
forest. Several respondents in Nzali had been
evicted from the forest reserve and had had to
move to other areas in the village with lower soil
quality and less secure rainfall. In Kigwe it was
the forest officer who caught people illegally
making charcoal or cutting down trees in the for-
est reserve, also taking action if forest products
were being sold in the market. Perhaps because
of his prominent role in forest management (the
forest officer in Nzali was further away and so not
able to visit Nzali very often), respondents saw
the forest in Kigwe as ‘belonging’ to the forest of-
ficer. A quote from a male farmer in Kigwe illus-
trates this: ‘... the whole forest belongs to him. ...
If you have cut trees from Chigongwe and he
finds you, you are going to pay for everything you
take from the forest.’

Further explanations can be found in trad-
itional rules. Aside from large trees, there had trad-
itionally been few restrictions on the clearing of
land for cultivation in the forests, which was gen-
erally allowed as long as they kept the protected
trees. In Nzali, some areas were protected for
their ritual importance. Particular hilltop areas
were used in relation to rainstone rituals and sac-
rifices. Some elders said that in the past they
were allowed to do farming in the valleys, and
one informant noted that he could remember the

traditional leader telling them that they were al-
lowed to cultivate in the forest as long as it was
not ‘in his face’, meaning that they should hide
the areas they cleared from his view.® Only a few
respondents in Kigwe knew of any protected for-
est areas in the past, and if mentioned it was re-
lated to hilltops and in connection with forest
protection rules by the colonial authorities.
Responses also revealed differences in how
people respected traditional rules. An internal
conflict between those cultivating in the forests
and producing charcoal and other villagers was
illustrated by many (especially elderly) villagers’
references to the youth having lost respect for
traditions, being ‘thieves’ and ‘stealing’. By
clearing not only land but also large trees, they
brought drought on everybody. Respondents
also had little faith in the protection systems,
seeing them as inefficient and prone to misuse.
In Nzali, farmers who were themselves barred
from going to the forest had seen other villagers
who were able to clear forest get high yields and
earn large incomes. They could observe the
same people now building bigger houses roofed
with corrugated iron sheets, which were worth
much more than the traditional Gogo houses
and could, for example, be used as collateral.”
Some pointed out that the increasingly strict
formal enforcement of forest conservation meant
that some farmers who earlier had farms in the
forest were now moving to the village, resulting
in higher prices and increased land shortages.
While neither charcoal nor sesame were new in-
come sources in the area, the production of both
was considered to have increased rapidly over
the past 5-10 years due to better market condi-
tions. Responses suggested that it was possible to
pay a fine to some of the guards in order to con-
tinue farming in the forest. One male informant
in Nzali claimed that, after paying the fine, he
could continue working in the forest: ‘The gov-
ernment cannot send the guards there because I
have already paid the fine." He said he had paid
50,000 Tanzania shillings (TSh) (about £20) to
the guards to be able to continue farming.
Younger generations justified their actions
by saying there was little or no land available in
the village, in effect forcing them to make a
choice of whether or not to remain farmers.
Those who could take advantage of the situation
had high incomes, but for the majority of in-
formants the strict forest regulations meant less
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access to resources. The forest regulation called
HADO (after the government’s Hifadhi Ardhi
Doroma soil conservation project under which
reserves had been managed) was seen as the or-
ganization taking ‘their’ forest away from villa-
gers (Nzali).® Along with farmers’ stated views
that forest clearing and tree felling bring
drought, they generally support measures for
stricter enforcement of regulations, but with an
ambivalent attitude. Some add that they ‘should
set aside some areas for cultivation’. Perhaps the
clearest illustration of this ambivalence is the
following statement from a Kigwe farmer (male,
30-39 years old): ‘If there is a proper guarding
system maybe the cutting down of trees will be
reduced ... but because I am a charcoal maker, I
will continue to fight [the guards].’

‘They are confusing us Gogo’:
crop advice and regulations

Other key government regulations in Kigwe and
Nzali related to crop varieties and distribution of
drought-tolerant emergency seeds, supplied to
the government by the UN’s Food and Agricul-
ture Organization. For many years, the govern-
ment had discouraged farmers from growing
traditional sorghum and maize varieties,
and encouraged the replacement of them with
improved drought-resistant varieties. Drought-
resistant varieties had long been a key part of
government strategies to increase farmers’
ability to cope with drought in Tanzania, and
the need to teach farmers to plant drought-
resistant crops featured in government policy
documents, such as the government’s disaster
reduction strategy (URT, 2003). It was also cen-
tral to government thinking on climate change
adaptation as set out in the National Adaptation
Programme of Action, as a way to combat
drought and hunger (URT, 2007). The serious-
ness with which the government regarded this
goal is illustrated by the fact that agricultural of-
ficials had at times in the past gone to farmers’
fields and cut their traditional crop plants.’
In recent years the official line had become
less confrontational. At the time of fieldwork,
the Regional Commissioner for Dodoma had is-
sued a directive saying that farmers should set
aside 2 acres for drought-resistant varieties,

but that beyond this they could plant the var-
ieties they wanted.'®

Farmers in both villages traditionally grow
a number of local sorghum varieties, often re-
ferred to as lugugu.'' The local varieties were pre-
ferred for many reasons, echoing findings else-
where in Africa (e.g. Friis-Hansen, 1999): their
resistance or attractiveness to pests (birds, wild
boars), their taste and suitability for cooking as
well as their higher tolerance to variable rain
patterns. Village leaders and agriculture officials,
however, made little secret of their negative view
of local crop varieties, along with other trad-
itional agricultural practices, because in their
view they were unsuitable in a drying climate.
One elected village leader called the cultivation
of local crop varieties ‘encouraging the enemy
hunger’. Many considered a main obstacle to be
that farmers were not willing to accept or be re-
sponsive to new knowledge, such as taking up
improved varieties, because they were ‘ignor-
ant’, ‘slow to take up new knowledge’ or because
of cultural and social barriers.

The implementation of the ban on local
varieties differed in the two villages, however. In
Nzali, the local agricultural officer (Bwana
shamba) was of the opinion that, to prevent hun-
ger, there was a need to be strict and not allow
them to be grown even in areas with good access
to water during drought: ‘We cannot start let-
ting them [grow these varieties], therefore we
ban them all.” He stressed that actions would be
taken especially against those growing maize
and the most common local sorghum variety
lugugu, because ‘they are the big enemy’. In Kigwe,
there was a strong recommendation from the
village leadership not to grow maize or the local
sorghum varieties, but the directive was less
strictly enforced by the leadership than in Nzali.

Interviews with farmers revealed a more
complex picture. While farmers valued their
local varieties and expressed a strong desire to
continue growing them, many had also stopped
growing lugugu and other local sorghum var-
ieties, or only grew them in a small part of their
farm. The overall pattern was a move away from
maize and the tall local sorghum varieties, not-
ably Iugugu, and towards more millet of the local
variety as well as improved sorghum varieties.
The main reason given was decline in rainfall.
Many said that lugugu takes too long to mature
(6 months) and that they no longer give enough
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food because of the low rainfall. It was further
held that rains today were so short in duration
that farmers needed crops that matured quickly.
Seeing that local varieties did not give good yields
any longer, they grew the largest area with im-
proved varieties. A typical quote, from an elderly
farmer (> 60 years, poor category) in Kigwe, in-
cluded: ‘We really like [lugugu], but these days
the rain has been reduced, we are afraid of grow-
ing [it].’ The local variety of millet was one of the
few that could be counted on with the changes:
‘We trust uwele, that’s why we grow it.” Similarly,
fruit trees produced lower yields because of low
rainfall, and water wells that used to last until
December now dried up much earlier.

The government’s alternative was to en-
courage the use of improved drought-resistant
seeds. Because of the ongoing drought, emer-
gency seeds were being distributed in both vil-
lages. The seed distribution was observed at close
hand during the time of fieldwork in Nzali. A vil-
lage official, through orders from the District
Commissioner, announced the distribution of
seeds during a group discussion meeting held
with all sub-village leaders in Nzali.'? The official
announced that nobody was allowed to start
planting before 15 November,!* otherwise they
would be punished.'* The criteria for receiving
seeds were as follows: first, the farmers would
have to plough their fields, and they would have
to apply manure. Then, the seeds had to be
planted in straight rows, and a rope was to be
used for that purpose. Each household was given
2.5 kg. Those receiving seeds would would have
to return twice the amount (5 kg) to the village
office after harvesting, to be redistributed within
the village the coming year. If someone was
caught not sowing the seeds in the prescribed
way, they would be taken to the village office and
would have to pay a fine (TSh5000 as quoted by
informants, TSh1500-2000 by village leaders).!>1°
Informants said that there had been no prior
consultation on which seeds would be distrib-
uted. They had just appeared one day and farm-
ers had no choice of seeds other than the one
variety that had been chosen. The Agricultural
Officer in Nzali explained that he had requested
that the district provide other varieties, but that
selection was decided at the district level.

The seed support embodied what village and
ward leaders saw as part of a major challenge
to improve food security in the area, namely

to make farmers change their behaviour, includ-
ing ‘to teach them to plant in straight rows’.
Farmers, on their side, considered the improved
varieties to give better yields than their local var-
ieties during drought years. Probing further into
how they considered improved varieties in com-
parison with local ones, respondents held that
they planted them to save them from hunger, out
of a desire to get food or cash or because they
were told to. As expressed by a female head of
household in Nzali: ‘[We] are given the seeds for
free ... that’s why [we] are growing them but not
because [we] like them very much.” They ma-
tured early, which meant that farmers could ob-
tain harvest while waiting for slower maturing
varieties to yield, especially millet.

Views on the criteria of ploughing, apply-
ing manure and planting in straight rows diff-
ered among the informants, but some common
themes emerged. The value of ploughing and
manure per se was not questioned by any in-
formants, but it was largely a matter of afford-
ability and practicality. Farmers showed less
understanding of the demand to plant seeds in
straight rows, which differs from the traditional
Gogo method of scattered sowing. Officials justi-
fied it with the need for appropriate spacing, and
that it would increase yields. Discussions with
people engaged in sowing in straight rows re-
vealed that it was not clear to them what the
benefits were. They reported they were doing it
only because the government told them to. The
typical response in interviews and informal dis-
cussions were that ‘the experts have told us to do
it’, with some respondents adding that they saw
‘no benefit’, or ‘maybe that it looks nice’. One
young female farmer in Kigwe (18-29 years,
poor wealth group) said she ‘did not know, the
government hadn’t told them why'. Some ex-
pressed confusion over the messages from the
government and did not know what to believe.
The claim of bigger harvest was also disputed,
typified by one farmer saying: ‘We used to get big
harvests by planting traditionally, but now we
don’t know anymore. They are confusing us
Gogo people.’

A number of farmers could be observed
preparing their lands and sowing in straight
rows after receiving seeds (Fig. 8.1). It became
clear, however, that not everybody was following
the criteria that came with the provided seeds
and, importantly, that farmers had their own
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Fig. 8.1. Farmer preparing land for sowing in accordance with government directives.

strategies for handling the directive. Informants
said that while they planted the farms along the
main road in straight lines, they did not do so in
the farms further away. Informants justified this
by the fact that it was more time consuming and
labour intensive than their traditional ways.
Even access to ropes to guide the planting was a
constraint to many. With labour and time hav-
ing a high opportunity cost, they could ill afford
any delays. Some said they planted in traditional
ways because they did not see any benefits; they

had big harvests in the past while planting in the
traditional way. An interviewee said that since
their fields were far away, they were out of reach
of the government: ‘It is far, they can’t see there,
they can’t catch us there.’

Views from farmers contrasted with the
views of village leaders. While acknowledging
the problems many farmers had with access to
ox-ploughing, they also saw farmers’ responses
and non-adherence to the rules in terms of lack
of knowledge, willingness to learn and physical
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ability, as illustrated by one official in Kigwe, say-
ing, ‘Some are ignorant, others are old and can’t
plant with a rope to get the spacing right.’

Discussion and Conclusions

The preceding sections have shown how many
actions and strategies for coping with drought as
they play out in practice in Dodoma can be con-
sidered as forms of everyday resistance; circum-
vention of rules and regulations farmers do not
understand, or consider unfair or impossible to
uphold. Local knowledge — in the form of peo-
ple’s reference to past practices, knowledge of
crop varieties and perceptions of linkages be-
tween trees and rainfall — play a key role in shap-
ing the responses and the motivations and justi-
fication for the resistance.

Interestingly, in terms of the two examples
given above, namely the need for drought-resistant
varieties and forest conservation, farmers’ views
and perceptions did not differ markedly from
those of the local leaders and the externally im-
posed regulations they implemented. Farmers
desired improved crop varieties, and they ex-
pressed many of the same types of concerns over
forest loss as the leaders and officials did. Many
farmers also referred to their fellow villagers’
practices as a key problem in why farmers still
depended on food aid. For example, there were
complaints that many villagers, and especially
the youth, were no longer adhering to Gogo tra-
ditions, that people were ‘stealing’” when they
cut down large trees and that the people in gen-
eral had become more ‘cunning’. Thus, the same
broad narrative from leaders was found among
farmers, namely that farmers’ practices were
breaking rules and causing problems for the
community.

However, a more detailed look reveals
some significant differences in views and
understanding. Firstly, it is clear that the prac-
tical options presented through external inter-
ventions were at odds with farmers’ knowledge,
understanding and preferences. The drought-
tolerant seeds they received were considered
low-quality food, were easily attacked by pests
and did not keep well in storage. This is in line
with other studies of farmers’ views of mod-
ern crops compared with their own varieties

(Friis-Hansen, 1999; Mwanga et al., 2005).
Farmers’ responses also demonstrate that they
did not understand the reason for many of the
interventions. While they agreed with forest
conservation, they also saw the forest as a ne-
cessary source of land for agriculture, which it
was in the past. By tradition they were allowed
to cultivate in the forest, as long as they did not
cut large trees of specified species. Such conflict
between traditional rules, specifying particular
sacred areas or particular trees, and modern le-
gislation, protecting whole areas, is well known
in Africa (e.g. Serra, 2001).

Secondly, there was a clear mistrust towards
the government’s ability to provide assistance,
and farmers saw the government as the cause of
many of their problems. The distribution of
seeds, for example, was seen as coming too late,
and in too small amounts, and there was a per-
ception that only leaders were receiving seeds. A
typical response was that ‘the leaders say the
seeds will arrive, but they never do’. Farmers also
stressed that they did not know beforehand what
type of seeds they would receive and if they
would receive them. Neither did they know
exactly why they had to plant them in straight
rows. As shown, there were also examples of alle-
gations of mismanagement and corruption, fur-
ther strengthening the atmosphere of mistrust.

Thirdly, the implementation of seed supply
and forest regulations narrowed farmers’ liveli-
hood options, especially for the poorest, who
could not access the labour and inputs needed to
sow the seeds. The use of government-provided
seeds could be seen as something farmers did be-
cause they had to, something that was out of
their control, but which they nevertheless
adapted to as best they could. Through this pro-
cess, farmers’ own knowledge and understand-
ing were at best ignored, or at worst under-
mined. Farmers were not allowed to plant seeds
before a certain date; they had to plant in a way
that was not traditional for the Gogo, and they
were not allowed to use all the varieties they had
wanted. In case of conflict between what they
themselves thought and the external regula-
tions, farmers thus found their way around re-
gulations, particularly in cases where the gov-
ernment was not able to reach. A regional
agricultural official even acknowledged that she
knew the farmers made ‘one farm for the lead-
ers, and one for themselves'.
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But where does this leave us on the role of
local knowledge and adaptation? To answer this,
we shall have to look at whether the actions ad-
dress the root causes of (current) vulnerability
to climate risks, and in turn, whether the out-
comes are adaptive in a way that increases flexi-
bility and options for the future, and avoiding
any particular ‘lock-ins’ that are difficult or
costly to reverse. There is also an issue of scale:
Eriksen et al. (2011) showed how one person’s
adaptation may be another one’s maladapta-
tion. Roncoli et al. (2001) demonstrated that
while people may adapt, there are ‘painful
trade-offs’ along the way that mean that they
may survive in the short term, but which will
undermine their livelihoods in the long term (see
also Pelling 2011; Ford et al., 2013).

The picture emerging is one of farmers try-
ing to make do with an increasingly narrow range
of farming options. Farmers’ responses give in-
sights into why they seem to be slow to take up
new practices, and the paradox of why certain
traditional practices persist: rather than being
motivated by a wish to continue using their trad-
itional practices (which they see as insufficient),
or not understanding the benefits of new tech-
nologies, responses suggest that the lack of up-
take often has more to do with households’ asset
and labour limitations, and a view that the alter-
native options they are being presented with are
not going to support them. These findings may
also go some way towards explaining the appar-
ent contradiction between considering current
external assistance as a hindrance, but still want-
ing more of it, which must be seen in relation to
the way external interventions are undertaken at
present. The authoritarian way of implementing
government regulations in Nzali is a case in point.

The findings reinforce the need for consid-
ering the local level as an arena of negotiation

between many different interests, embedded in
formal as well as informal institutions, and
where the relative interests, powers and capabil-
ities are shaped by social and historical legacies.
As shown, local knowledge is socially embedded
and not necessarily a reflection of socially just or
equitable structures (Scoones and Thompson,
1994; Agrawal, 2002), and, as pointed out in a
study from Burkina Faso by Roncoli et al. (2001),
farmers’ resourcefulness in coping with climate
variability is accompanied by significant and un-
equally distributed costs. In this perspective,
understanding local knowledge can be seen as
an entry point for addressing and understand-
ing historical aspects of coping and adaptation,
people’s agency in responding to changing cir-
cumstances, their preferences, as well as the
constraints and barriers experienced by different
social groups in a particular location.

The argument advanced in this chapter is
that the role of local knowledge needs to be
understood in the context of adaptation as a
political and power-laden process; and that
adaptation responses and outcomes emanate
from an interplay between the knowledge sys-
tems, the ability to use this knowledge, and a
situated understanding of the knowledge sys-
tems. In conclusion, the primary role of local
knowledge may be seen as increasing under-
standing of, and directing attention to, the con-
straints and enablers to addressing the root
causes of vulnerability to climate change. This
chapter has shown how resistance to formal or
informal authority is closely linked to people’s
understanding of their environment. The ques-
tion is perhaps not whether or not local know-
ledge should be considered or integrated, but
understanding these complex and ‘messy’ pro-
cesses and responding to how livelihoods are
produced and sustained.

Notes

' Local knowledge is used here as a term that brings together local, indigenous and traditional knowledge,
as an embedded knowledge—practice—belief complex (Berkes, 1999) and their many derivations and
sub-categories (Antweiler, 1998). There are important distinctions among these terms and this is an imper-
fect approximation, but one that is suitable for the scope of this chapter.

2 Annex in FCCC/CP/2015/L.9/Rev.1, available at https://unfccc.int/resource/docs/2015/cop21/eng/I09r01.pdf

3 See e.g. www.manystrongvoices.org

4 Chinyami was classified as a HADO reserve in 1989 (District Natural Resources Office, Dodoma Rural

District).
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5 In-depth interviews and informal interviews in Kigwe.

8 Interestingly, most of the clear-felled areas in the forests in Nzali were out of view from the road through
the village. Rather than being a reflection of traditional rules, it is not clear whether or not this was to respect
traditional rules. Another possible explanation is that it was to hide forest clearing from particularly District
and Region level officials when they were passing through the village.

7 Corrugated-roofed houses were, however, deemed less safe than traditional houses, especially during
the rainy season, when the noise of the rain on the roof meant that the occupants were not able to hear
thieves and burglars.

8 At the time of fieldwork, there had been discussions in Nzali about the possibility of moving the HADO
boundary to allow cultivation in some areas and alleviate some of the land shortages.

9 Agricultural official, Dodoma Regional Office, Dodoma.

10 Officials, Dodoma District Office, Dodoma.

" Lugugu refers to a tall local sorghum variety, but was also used as a collective term for local sorghum
varieties.

2 The official came to the meeting and asked for permission to make an announcement towards the end
of the meeting (group discussion in Nzali, November 2006).

8 The official forecast was that the rain would start the week of 19 November.

4 Farmers were being pursued by the village leadership for starting to plant before this date. At the same
meeting where the announcement was made, some of the leaders were summoned to pursue a farmer who
had started to plant before he was allowed. On a later occasion, a village official expressed dismay of many
farmers not following the rules: ‘We are going to punish them, we are tired of farmers [not following the
rules]’ (field observation, Nzali, November 2006).

® Head of village emergency committee

6 At the time of fieldwork, the exchange rate was roughly TSh2000 to UK£1.
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9 Indigenous Soil Enrichment
for Food Security and Climate Change
in Africa and Asia: A Review
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Studies of indigenous soil knowledge or ‘eth-
nopedology’ identify how farmers differentiate
and understand their soils and reveal their so-
phisticated appreciation of the biophysical char-
acteristics of the landscapes that they inhabit
(Barrera-Bassols and Zinck, 2003). Local eth-
nopedological frameworks share differences and
similarities to scientific systems of categorization.
Farmers often categorize soils according to col-
our, texture (i.e. sand/clay/ stone/silt content),
geographical or topographical position, poten-
tial, and wider ecological interactions. Such
knowledge informs soil fertility management
practices (Adewole Osunade, 1995; Krogh and
Paarup-Laursen, 1997; Birmingham, 2003;
Gray and Morant, 2003; Niemeijer and Mazzu-
cato, 2003; Osbahr and Allan, 2003; Ngailo and
Nortcliff, 2007; Duvall, 2008). Yet whilst these
studies show a complex appreciation of existing
soils, none describes local people recognizing an-
thropogenic soils in their environments, or their
formation. They are silent on the creation of en-
duringly enriched soils through endogenous
practices and biological inputs. Soil science is
also silent on this issue. We have searched almost
in vain for studies that discern improved soils in
Africa, let alone those that examine the forma-
tion, qualities and use of such soils (but see Fair-
head and Leach, 1995; Solomon and Lehmann,

2000; Lobe et al., 2001; Solomon et al., 2007;
Zingore et al., 2007).

Many works show how farmers nurture
and appreciate high-fertility patches within fields
and wider landscapes (Scoones, 1991, 2001),
practices of manuring and how its intensity is
frequently greater near compounds and villages,
establishing rings of heightened fertility in acc-
ordance with Von Thunen’s location theory
(Leigh, 194 6; Pelissier, 1966; Ruthenberg, 1971;
Prudencio, 1993). Yet these works speak of soil
fertility ‘maintenance’ rather than enduring im-
provement and attribute any patches of improved
soils to the ephemeral inputs of everyday life
(manure, crop residues, ash, excreta, fish bones,
etc.). Although this research appreciates the
huge variety of ‘fertilizing’ practices developed
by African farmers, the improvements are repre-
sented either as transient or as requiring the
continuous import of fertilizing materials. There
is virtually no attention to durable improvements
to the soil in Africa, in strong contrast to the bur-
geoning literature concerning the upgraded and
anthropogenic ‘dark earth’ or terra preta soils of
Amazonia (e.g. Glaser and Birk, 2012).

Literature concerning ‘landesque’ capital
has been more appreciative of enduring positive
legacies of past land users (Hakansson and
Widgren, 2014). Typically these works highlight
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improvements to physical properties through
terracing, irrigation and drainage structures,
but the concept of landesque capital also em-
braces improvements to soil biological and
chemical properties. Brookfield draws attention
to the ‘manufactured’ soils of Europe (plaggen)
and those in Papua New Guinea and the Ama-
zon (Brookfield, 2001). Accordingly soils should
be understood within the balance between in-
vestment and disinvestment (as distinct from the
balance between the natural history of soil for-
mation and social history of soil degradation).
Yet as Widgren rightly remarks on Brookfield's
assessment of the global distribution of landes-
que capital, ‘the most difficult estimation of dis-
tribution concerns anthropogenic soils’ (Widgren,
2007). Brookfield does draw on one paper from
Africa (Stromgaard, 1992) which acknowledges
long-term improvements in soil cation exchange
capacity at depth in soils under the Zambian
chitemene system in which soils are enhanced by
wood ash, but basically Africa does not come out
well in the survey of landesque capital. It has
‘rich occurrences of terraced agriculture and irr-
igation as well as farming systems that have
used different kinds of mounds, ridges, etc.” but
this is nothing like other regions of the world
(Widgren, 2007).

Our recent ‘discovery’ of African Dark
Earths (AfDE) demonstrates, however, that West
African farmers can durably improve what were
previously thought to be ‘inherently’ infertile
tropical soils (Solomon et al., 2016). Anthropo-
genic AfDE sampled in Ghana and Liberia have
200-300% more organic carbon than the soils
from which they are derived, with 2-26 times
more pyrogenic carbon (PyC), which is more eff-
ective in promoting nutrient retention than
other non-pyrogenic organic carbon. PyC is also
highly persistent in soil and therefore not only
important for long-term improvements of soil
fertility; it also possesses potential for carbon se-
questration to mitigate climate change. Com-
pared with the strongly acidic (pH 4.3-5.3) soils
in which they form, anthropogenic AfDE also
exhibit higher pH (5.6-6.4), 1.4-3.6 times
greater cation exchange capacity and more
plant-available nutrients (1.3-2.2 and 5-270
times more nitrogen and phosphorus, respectively)
(Solomon et al., 2016).

This chapter reveals that practices leading
to enduring improvements to African soils are

much more widespread in sub-Saharan Africa
(SSA) but have been overlooked in ethnopedolo-
gy and soil science (Fairhead et al., 2012). Curi-
ously these soils have been noticed by ecologists
and archaeologists who identify the sites of past
settlements by their luxuriant and specific vege-
tation, hundreds if not thousands of years after
their abandonment (Keay, 1947; Ramsay and
Rose Innes, 1963; Blackmore et al., 1990; White
and Oates, 1999). Archaeologists have fre-
quently been frustrated by farmers who prefer-
entially seek out the sites of ruined settlements
for their fields and muddy their horizons. This
chapter considers their agricultural significance.

A Typology of Indigenous
Soil Enrichment

The two areas of practice that are considered
here which produce enriched soils concern:
(i) ruined settlements (rendered rich in organic
material and biochar) that permit intensified
production; and (ii) techniques of slow anaer-
obic burning of vegetation under a soil covering,
sometimes called soil burning, burn beating,
denshiring or (in French) écobuage, including the
impact of charcoal manufacture on soils. Per-
mutations of these practices that have been
identified from the literature are probably only a
small fraction of extant soil-enhancing practices
that may even include regular shifting cultiva-
tion in humid conditions when incomplete com-
bustion produces back carbon (BC) or PyC, but
this is not considered in this chapter.

Former settlement sites

To assess the agricultural significance of former
settlement sites we contacted a network of Afri-
canist archaeologists. This revealed evidence
from Central, West and North East Africa. The
best documented cases concerning the import-
ance of ruined settlements to African farming
are the mining of the midden sites of Pharaonic
Egypt (Bailey, 1999). The mixture of mud-brick
remains (of nutrient-laden Nile silt) and ancient
organic waste of the middens in ancient Egyp-
tian cities and villages is referred to as sebakh and
is valued by farmers. In the cities, household
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rubbish and animal excreta were constantly
dumped over hundreds (even thousands) of
years, causing the streets to rise ever higher and
the ground floors of houses to become base-
ments due to the increasing depth of the rubbish
(Bailey, 1999). The importance of these middens
(some covering six square miles or more) as a
fertilizer was recognized in the early 19th cen-
tury when they were mined on an industrial
scale. Large companies built rail tracks to trans-
port and sell it as fertilizer throughout the Nile
Valley. Fields throughout Egypt became ‘arch-
aeologically polluted’ by the ceramics that had
been distributed. Sebakh digging was banned in
the 1930s but still persists locally.

Cultivating old settlement sites is common
to many regions in Ethiopia. Temesgen Burka
(personal communication) reported that among
Oromo of western Ethiopia, ‘ona’ refers to ruined
or abandoned settlements which are appreciated
for their rich soils. They are used especially by
women for their homegarden crops. Fertile soils
form as ruined houses collapse and decompose,
and mix with the soils enriched by the ash and
human and animal manure from the years of
settlement. Domestic animals were kept in the
houses. Threshing places acquire similar proper-
ties and are used by women for vegetable plant-
ing. This practice apparently has a spiritual or
symbolic function of associating oneself with
ancestors. T. Kathryn Arthur (personal commu-
nication) reported that Gamo speakers of south-
ern Ethiopia cultivate soils of ruins, as they are
rich and fertile due to the decomposition of ani-
mal and plant remains.

Pierre Kinyock (personal communication)
reported that throughout Cameroon, farmers
use old settlement sites for new farms. The Cam-
eroonian Agricultural Research Institute used to
collect such soil to fill the plastic bags for their
seedlings. On the borders between Nigeria and
Cameroon, Nicholas David and Judy Sterner
(personal communication) reported that inhab-
itants of the Mandara Mountains appreciate the
fertility of abandoned compounds — so much so
that farming is the prime agent of their destruc-
tion and the dispersal of potential archaeo-
logical sites. Once abandoned, farmers quickly
take advantage of their rich soils. Old owners
live nearby to work the sites. They either do not
revere these sites, or, if they do, farming is not
anathema to reverence. Demanding crops such

as tobacco and maize that are usually associated
with older men are often the first crops to be
grown there. Gradually buildings disappear as
they are assimilated into the larger system of
terraces or fields. Paul Basu (personal communi-
cation) reported that in northern Sierra Leone at
a site called ‘Old Yagala,” which is a deserted hill-
top settlement not far from the town of Kabala,
villagers intensively cultivate areas among ru-
ined buildings. They focus particularly on the
slopes where household waste was clearly
thrown, and where there is plenty of midden
material. It can be noted in passing that the im-
proved soils of ruined settlements were also ob-
served in Asia by German botanist Wilhelm
Sulpiz Kurz, including around the ancient town
east of Rajmehal, Bengal, and on the ruined
pagodas of Myanmar (Kurz, 1875). Just as in
Africa, but with one notable exception of East
Kalimantan (Sheil et al., 2012), these have not
been the focus of inquiry to date, but warrant
further research.

Charring vegetation in anaerobic
conditions under soil

Agronomists have long observed a second set of
practices that more clearly enriches the soil in
BC that involves charring vegetation under a
covering of soil. Grass or bush/tree vegetation is
cut, dried and then covered with 5-10 cm of soil
and ignited. Farmers craft the conditions so that
the vegetation burns very slowly ‘without a
flame’, often for a week or two. The biomass is
not thermally oxidized completely to ash so a sig-
nificant proportion remains as BC-rich char or
‘biochar’ if used in the context of a soil amend-
ment (Lehmann, 2007). Afterwards, the soil,
biochar and ash mix can be farmed in situ on the
mound or is distributed over the field. These
practices long attracted the negative attention of
colonial agronomists from the 1880s, and were
reviewed extensively by Portéres (1972). This
technique is not restricted to Africa and the trop-
ics. It was popular in Europe from the 17th to the
19th century when farming clay and acidic
soils. Many effects of this practice have been
examined by agronomists, but none has attrib-
uted any importance to its most obvious effect:
the production of biochar, which largely remains
to be researched.
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The technique is variously called soil burn-
ing, burn-beating, sod burning (suggesting that
the main effect is in the mineralization by heat
of organic matter/roots in the soil), paring
(Rennie, 1834), or denshiring (after Devonshire
in England, where it was practised). The preva-
lence of this technique has remained obscure,
partly due to its varied nomenclature. It is
labour-intensive, requiring about 100 person-
days/ha, as opposed to other techniques of field
clearance and preparation (clearing and burn-
ing) that require perhaps 20-40 person-days/
ha (Porteres, 1972). That people put in so much
extra labour suggests the importance of its soil
transformations beyond the release of nutrients
by fire. To date these have been understood in
relation to soil structure. The advent of interest
in biochar as a soil conditioner now suggests,
however, that the BC-rich char itself may be im-
portant. Thus whether this extra labour is sim-
ply the labour of obtaining a crop, or can also be
considered a longer-term ‘investment’ in soil
improvements (since the biochar will remain in
soil for much longer than the ash), remains an
open question.

Research into these techniques has been
sporadic. Porteres compiled a thorough review
of the practice across Africa, suggesting that
the technique was used: (i) as a last resort on
poor soils when there was no other way to
achieve a satisfactory crop; (ii) to farm previ-
ously uncultivated or uncultivable land; or
(iii) to restore land that had degraded to pasture
(Portéres, 1972, p. 153). Yet this is not the
whole story. As summarized in Table 9.1, which
collates descriptions of these practices in Africa
and Asia and what is known of the stated
reasons for their use, the technique is used vari-
ously: on highland grass soils (e.g. in Ethiopia,
Guinea’s Futa Djallon and Assam in India) to
render them suitable for grain crops (e.g. barley
and rice); on clay and compacted soils to render
them friable and suitable for root/tuber crops;
and on unspecified soils to render them suitable
for rice. Whilst the technique has been under-
stood as driven by the short-term benefits that it
produces, these have generally been understood
as balanced by the long-term ‘degradation’ that
‘soil burning’ has. That short-term benefits
might also dovetail with long-term benefits as-
sociated with biochar production has not been
appreciated or investigated.

Impacts on Soil

The practices are diverse but all include PyC into
the soil from slow-burning fire hearths and from
the regular burning of trash. Accumulation of
charred material has been found to: (i) trans-
form soil fauna, encouraging ants and earth-
worms (over caterpillars, millipedes, springtails)
that ingest, powder and defecate biochar, mixing
it down the soil profile (Topoliantz and Ponge,
2005; Topoliantz et al., 2006; Ponge, 2013);
(ii) change soil microbial community (O'Neill
etal., 2009; Whitman et al., 2016); (iii) augment
phosphorus and calcium (from excrements
and bone residues) and improve its plant avail-
ability (Sato et al., 2009; Zwetsloot et al., 2015);
(iv) reduce acidity; and (v) build up plant-available
N through improved retention (Lehmann et al.,
2003). Itis likely that there are also positive feed-
backs within an increasingly productive ecosys-
tem, apparently effecting a durable transformation,
‘ratcheting up’ the soil ecosystem into a more
productive state.

Considerable research explores the impact
of these techniques on soil structure and chem-
istry but no research considers either their im-
pact on biochar or the long-term impact of these
techniques more generally. Such analysis as
there is only picks up the short-term effects, for
which results are strongly consistent across all
cases. Here we review research on the direct
effect of infield, under-soil charring — and we
would be the first to admit that this raises as
many questions as it answers.

Firstly, the heat causes the clay fraction
in these soils to aggregate into pseudo-sands,
helping to make friable, lighter soils. Mboukou-
Kimbatsa (1997), Praquin (1976) and Kassapu
(1979) all showed that clay is destroyed (from
19% to 20% in one case study), soluble phos-
phates are released and clay particles coagulate
into coherent aggregates that gradually decay
back to clays. There are also results showing that
the reversal does not happen but that there are
permanent changes in mineralogy to more
amorphous minerals that fix more phosphorus
which is unavailable to plants (Ketterings et al.,
2000, 2002).

Mesfin (1981) found that the sand fraction
increased (temporarily) from 34% to 78% and
the clay fraction fell from 33% to 4%. This leads
to improved surface porosity and infiltration.



Table 9.1. Exemplars of indigenous soil enrichment.

Place and Name

Locality Practice Agroecological zone Agricultural system References
Guinea
Futa Djallon Locally called muki or moki, meaning ‘to be (a) Kollade: the almost Used for one cropping cycle  Arcin, 1907;
Plateau and consumed slowly by fire, derived from Malinke uncultivable, poorly of West African rice (not Anonymous,
westwards mugu-mugu, ‘to be consumed slowly just until drained soils that are eleusine millet) or tubers 1923; Levare,

towards the
coast among
Fula, Susu,
Dialonke and
Baga speakers

Chad
Banks of Logone
river, near
Bogor

forming ash: On grasslands, grass root balls
(‘plaques’) are hoed up, dried and, as the rainy
season approaches, are piled 75—-200 cm upside
down. A hole is made to the bottom of the pile
and filled with grass, and flammable wood or
dried cattle dung is inserted. The whole is
covered with soil 5-6 cm deep, ‘just right’ for the
necessary combustion. The base of the ignition
hole/chimney is then lit. Farmers thus make a
field of small ‘volcanoes’ out of which initially
emerges thick smoke. After several days of
charring, the piles cool and the soil is raked out,
and sown with rice

In the dry season, tall grasses are hoed up with

their roots, put in ridges, dried, covered with soil
and burnt. When cool, once the rains come,
millet (eleusine, fonio) is planted on the mound
sides and covered over with a little of the ridge
soil. The ridge itself is planted with four rows of
rice. Rows are 4-6 m apart. Before the grasses
are fired by pastoralists, the grass root plaque is
uprooted and laid in rows, dried, covered with
soil and fired at one end, the fire eventually
travelling to the other. In other locations, the
ridges are opened and distributed over part of
the intervening furrow. Rice is sown on this and
on the opened ridge (doing better on the ridge).
This technique needs as much grass as
possible, which can be achieved in 1-4 years

hydromorphic in wet
season and dry and hard
in the dry season, usually
with short grass
vegetation (Loudetia)

(b) Bowal: equally poor soils
around ferruginous
outcrops

(c) Don’kere (valley soils:
more or less inundated,
eluvial, by runoff or
alluvial by water courses

On seasonally inundated
river plains

followed by 10-50 years
of fallow. In some regions
this was practised only in
certain ‘muki years’
(perhaps 1in 9). The
regularity may depend on
cattle dung so its
diminution may link to
cattle scarcity

For rice, millet (eleusine,

fonio) and taro
(Colocasia)

1925; Richard-
Mollard, 1947;
Sudres, 1947;
Adam, 1958;

Adames, 1962

Bouteyre, 1955;

Gaide, 1958;
Bezot, 1966

Continued
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Table 9.1. Continued.

Place and Name
Locality

Practice

Agroecological zone Agricultural system

References

Cameroon

Cameroon
North, in flood
zones of the
Lagone River

Ghana
Asuano (a single
innovative
farmer in
Brong Ahafo)

Farmers bury and burn vegetation in raised beds.

Thus vegetation growing on a previous ridge is
removed, gathered in the intervening furrows and
dried. The furrow is then covered with soil from
the previous bed, making a ridge over the furrow,
and a furrow where the ridge had been. At
regular intervals on each ridge the farmer makes
a grass chimney down to the bottom. The
vegetation is lit and burns slowly

This technique appears to create improved soil

structure such as penetration for the yam root
crop. Where land prepared for maize and
Colocasia, grasses are buried in a similar way,
but not burnt

Towards the end of the dry season the vegetation,

basically of Andropogon grass, is uprooted,
placed in swaths 4 m apart and covered with
earth 50—100 mm deep with occasional gaps.
It is ignited and chars slowly for several days.
The swaths subside gradually but retain ash
and biochar residues

Five-year bush fallow is felled, dried, piled, covered

with earth and fired. The charred product is
spread over the plot(s). The motive for repeated
charring is not the maintenance of benefits, but
to build them gradually. Periodic inputs by bush
fallow charring are enhanced by annual charring
of crop residues

For yams but ridges initially
planted with squash and
an indigenous vegetable
(Solanum nodiflorum),
with yams planted a
month later

Bamileke grass fields

Maize, plantain, cocoyam

Jacques-Felix, 1947;
Jacques-Felix and
Betremieux, 1949;
Inter-African
Bureau for Soils
and Rural
Economy, 1958;
Praquin, 1976;
Kassapu, 1979;
Fotsing, 1992

Inter-African Bureau
for Soils and
Rural Economy,
1958

Oguntunde et al.,
2004, 2008; Sohi
and Yeboah, 2009
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Ethiopia

Highlands

Congo and Gabon

Niari valley
among
Babembe,
Bakamba,
Bakougnis,
Bateke and Pool
(Bahangalas)
speakers

Guie (gye) or ‘soil burning’ Grass sods (root
masses to which soil adheres and the grass
itself) that have grown during several years of
fallow are uprooted at the end of the rains with
the traditional ‘mixing’ hoe, are dried and piled up
to 80 cm high (diameter 160 cm) with a density
of about 800-1600 piles/ha). Whether some soil
is added on top is unclear. Piles are ignited with

some charcoal and burn slowly for up to 2 weeks.

They produce a burnt layer in the centre and
then a carbonized layer, a heated layer and an
outer cover layer. When cooled, these are
distributed over the field

Maala burn-beating system. Grass is uprooted, and
piled in parallel mounds about 2 m x 0.9 m, and
dried. Branches are placed on top and then all is
covered with soil. When lit they burn for several
days. There are many permutations (rectangular
and round)

On clay soils and drained
ferrallitic soils (Ultisols).
This technique restores
soils degraded during
mechanization

Barley for two successive

seasons.

First season: squash, maize,

courgette, yams, sweet
potatoes, onion manioc,
groundnut. Oseille de
Guinée (Hibiscus
sabdarifa), baselle
(Solanum negrum),
amaranthus, and tomato.
Ground cover is always
maintained.

Second season: yam or

sweet potato.

Second year: opened up,

and sown with groundnuts,
perhaps intercropped with
manioc.

Third and fourth years:

manioc, then fallow for
7-10 years

Legesse, 1974;

Abebe, 1981;
Mesfin, 1982;
Roorda, 1984,
1988; Sertsu,
1987; Pulschen
and Koch, 1990;
Mertens et al.,
2015

Sautter, 1953, 1955;

Guilloteau, 1957;
Martin, 1958,
1970; Soret, 1959;
Jurion and Henry,
1967; Nyete,
1991; Mapangui,
1992; Mboukou-
Kimbatsa, 1997

Continued

BISY pue eouyy ul abuey) ayewiD pue A1Lndoeg poo4

(o]



Table 9.1. Continued.

Place and Name
Locality

Practice

Agroecological zone

Agricultural system References

Malawi
Chewa plains
south-west of
Lake Chilwa

Malawi
South of Lake
Malawi

DR Congo
Uele, Eastern
Azande,
Katanga, on
seasonally
flooded plains

Tall grass is collected together, tied in a knot and
root tufts are struck to sever them. The bunches
are left standing (like pre-mechanised shocks of
corn at harvest) to dry. These are heaped,
covered with earth, and burnt

Grass and weeds are uprooted, dried and placed in
flat heaps. Soil is placed over them making round
mounds 2 m x 2 m x 0.8 m high. The burning is
slow. In a separate practice, sods are separated
from soil beneath and collected into flattened
heaps, grass uppermost. When dry, fire is
applied and slow combustion goes on; most of
the products of the burning are retained in the
ground and much of the soil is incinerated.
Finally, subsoil round the mound is dug, is
pulverized by hand and then thrown on to the
heap. New soil is thus distributed over the ashes
and burnt ground of the original heap and is very
clear of weeds

Grass is partially burnt, hoed up, dried, piled,
covered with soil and fired

Mapire and Egyptian dura
(Holcus sorghum),
pumpkins, cucumbers,
cassava, sweet potatoes,
tobacco and hemp

Livingstone, 1875

Beans and maize and
squash intercrops

Livingstone, 1866

Goffinet, 1913;
Dubois, 1957;
Humblet, 1958
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South-west

Gujarat,
Western
Maharashtra
(Thana
district); these
are districts of
heavy and
continuous
rainfall
(2.5-4.25
m/year)

Assam, Shillong
Plateau, and
Khasi Hills, on
pine forest
highlands

Assam, Shillong
Plateau, Khasi
Hills, on pine
forest
highlands

China

Réab (meaning ‘cultivation’): successive layers of
cow-dung, tree loppings and brushwood (brought
from the forest), shrubs, leaves and grass are
piled up to about 90 cm, with earth placed on top
to keep it all down, and then set on fire. It is not
seeded until the rain actually comes. Among
Guzrathi, more soil is added to temper the fire

Fields laid out in beds 2 m long x 1 m broad and
separated from one another by about their own
width. Each is overlaid with boughs from the
nearest pine wood. A strip of earth 5 cm thick or
more is skimmed from the space between the
beds and laid on top of the boughs. When the
boughs and twigs are really dry they are set
alight and after they have burned out the earth is
mixed with the ashes

In a second version, grass sods are turned with a
hoe early in the winter. They are dried over 2
months and then piled up, but with bunches of
dried grass inserted. These grasses are lit and a
slow fire is kept up. This is rather similar to
European ‘paring and burning’ The ashes are
distributed

Crop residues are covered with soil and charred

Rice (finest kinds of
transplanted varieties)
and millet (Eleusine
coracana, locally called
nagli)

Potatoes. In the following
year the intervening
spaces become the beds
and so on

To grow a crop of rice, millet
or ‘Job’s tears. This
appears to be similar in
ecology, practice and
intent to the practices in
the Ethiopian highlands
(above)

Voelcker, 1893;
Mollison, 1901;
Saldanha, 1990

Bor, 1942; Awasthi
etal., 1981

Gurdon, 1914

Liebig, 1878
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Improved porosity and infiltration also arise
from other indirect effects. In particular, Mbouk-
ou-Kimbatsa (1997) revealed in the Niari valley
system a change in biological activity generally,
and specifically a change in the balance of mac-
rofauna from termites to earthworms, and, rela-
tive to a control, an eventual increase in earth-
worm activity. This leads to improved aeration
(see Legesse, 1974). The importance of the heat
effect on soil biology is limited, given that it only
affects a small portion of the soil at any one time,
permitting the recolonization by soil macro- and
microflora and fauna from neighbouring soil.

All studies suggest a short-term improve-
ment in soil structure (see also Clinnick and
Willatt, 1981; Nzila and Nyete, 1996), render-
ing clay soil suitable for tuber and other crops
such as groundnuts — an improvement that sev-
eral studies suggest will be temporary and out-
weighed by the loss in soil organic matter.

Secondly, the heating associated with this
practice reduces the weed load and changes the
proportion of remaining weeds from grasses
(monocots) to broadleaf weeds (dicots), some of
which are also ‘indigenous vegetables’ (Legesse,
1974). Pulschen (1987) found that, in Ethi-
opia, weed densities were only one-third of simi-
lar but unburnt controls, and there was a lower
proportion of grass weeds. This reduction in
weeds and indeed of insect pests is suggested by
most authors.

Thirdly, all studies find that the heat effect
produces a reduction in soil organic matter as
against a control (Mesfin, 1981; Roorda, 1984;
Mboukou-Kimbatsa, 1997) and biological activ-
ity is initially reduced due to disappearance
of organic material and the burn (Mboukou-
Kimbatsa, 1997). Yet although some of these re-
searchers take these negative effects at face
value, others find that a reduction in organic
matter in the short term might be balanced in
the long term by the way the transformed soils
permit the more rapid regeneration of organic
matter. Moreover, although Mboukou-Kimbatsa
(1997) found that total carbon fell from 2.8% to
0.3% (cf. Mesfin, 1981) this loss seems to be
limited in the soil burning by the presence of
vegetation that is spared from complete combus-
tion (Nzila and Nyete, 199 6; Mboukou-Kimbatsa,
1997). This vegetal debris consists in part of
vegetal charcoal, which is also not metabolized
by the microorganisms and remains for a long

time in the soil. As Lehmann and Joseph (2009,
p. 200) described, the effect of carbon loss by
charring is outweighed at a certain timescale by
the greater persistence of the biochar. Other un-
charred residues are quickly decomposed by soil
microorganisms. Mboukou-Kimbatsa (1997)
found that the overall effect is to reduce carbon
on the surface but to increase carbon at depth.
This suggests that biochar limits the diminution
of overall soil carbon and that these techniques
might lead, over time, to the development of dark
earths at depth. In addition to leaching with per-
colating water, the processes of vertical move-
ment of biochar in the soil are presumably also
linked to mounding practices and to the earth-
moving effects of soil fauna. This echoes the find-
ings from studies of chitemene farming in Zambia,
where piles of pollarded branches are burnt to
generate ash, but also produce charred remains.
Stromgaard (1992) suggested that the enduring
increased cation-exchange capacity in the sub-
soil derived from this practice improved the effi-
ciency of nutrient use in subsequent burn cycles.

Fourthly, the technique also leads to changes
in soil chemistry as a result of ash and biochar
accumulation. Reduced acidity (increased pH)
has been shown by Mboukou-Kimbatsa (1997),
Mesfin (1981) and Nzila and Nyete (1996). The
last of these authors found that pH increased
from 5.1 to 6.5. Reduced exchangeable alumin-
ium (and thus reduced aluminium toxicity) is
linked to this reduced acidity and was shown by
Mboukou-Kimbatsa (1997). Increases in avail-
able potassium were shown by Bouteyre (1955)
and Mboukou-Kimbatsa (1997). Increases in
available phosphates have been shown by Mesfin
(1981) (from 40 to 180 mg/100g), Nzila and Nyete
(1996) and by IRAT (Kassapu, 1979). Care needs
to be taken in interpreting this result, however,
because the production of pseudo-sands through
the heat effect can lock up phosphates (see, for
example, Ketterings et al., 2000, 2002)

Finally, the impact of these techniques on
soil nutrients (such as nitrate, NO) is complex.
Mboukou-Kimbatsa (1997) found overall increases
in nitrates. Roorda (1984) found that total ni-
trogen (N) was lost in the burn layer but increased
in other layers. Nzila and Nyete (1996) found
the N loss as only marginal. Given that yields on
these highly weathered soils are often critically
dependent on potassium and phosphates and N
can be procured through biological fixation of
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atmospheric N,, this improvement might out-
weigh the slightly reduced nitrate availability.
Associated with the loss of organic matter is
a reduction in the cation-exchange capacity
(Roorda, 1984; Mboukou-Kimbatsa, 1997).
Yet this was not considered in relation to the
full soil profile.

Research into these practices has examined
the effect of ‘soil burning’ but not the effect of
slow and often ‘cool’ charring on char produc-
tion and the qualities that biochar brings to the
soil. Where the impact of these techniques on
biochar levels has been noted, it is so only in
passing. There has been no significance attrib-
uted to it and to its long-term impact on the soil.
Indeed, given that this technique has been
understood to be about heating or burning the
soil, some studies have attempted to examine the
effects of soil burning simply by heating soils —
thus missing out entirely the potential effect of
the biochar which these techniques generate
(e.g. Sertsu and Sanchez, 1978).

All those who have studied these systems
appreciate the labour input and realize the gains
in yields that they bring. Yet colonial and modern
regimes have usually understood this as a short-
term gain, in a system that they have assumed
leads to long-term soil degradation (not invest-
ment). The contribution of the fire to soil degrad-
ation would appear to be visible in its short-term
effects on soil organic matter and on cation-
exchange capacity. No one has looked at the long
term. Because these are understood to be degrad-
ing techniques, national policies have discour-
aged the practice and have sought to find alter-
natives, at least in Ethiopia, northern Cameroon
and in Guinea. Only in the most recent studies of
the practice in the Congo has the potential for
this practice actually to rehabilitate degraded
soils been considered — and this study itself does
not explore the significance of biochar.

Authorities in Cameroon, Guinea and Ethi-
opia condemned the practice of écobuage and
‘soil burning’. Curiously, however, other colonial
foresters nevertheless adopted this technique as
the basis for (re-)wooding savannas (Schmitz
and Delvaux, 1958). Porteres (1972) considered
explicitly why this technique had not attracted
more research attention, arguing that the tech-
nique had already been considered as ‘very
primitive’ for a century and that the image of a
practice on the path to extinction discouraged

modern researchers from researching it. Colo-
nial writers contributed to the idea of primitivity.
The technique was used in Europe ‘before the
generalized use of fertilizer’ (Jacques-Felix and
Betremieux, 1949). Moreover, the concepts
of ‘burn-beating’ and ‘denshiring’ sound old-
fashioned in English, as does écobuage in French.
These are the kinds of words to be found in
obscure antiquarian books that discuss long-
superseded ideas and practices that were perhaps
best left to historians of science.

However, whilst most works consider this to
be a technique in decline, the cases from Congo
and Ghana suggests that it is also a technique
that is being innovated and acquiring new im-
portance. Certainly in Congo it remains import-
ant for farmers restoring land degraded by
mechanization. Whilst the practices have been
researched for their short-term effects, it is im-
portant for our argument to realize that no att-
ention has been given in any of this research to
their long-term effects and to the potential im-
portance of the accumulation of biochar itself
in the soil. This remains a potentially important
research agenda. Given the potential import-
ance of biochar, how does the char effect that
has been left out of this calculus matter?

Charcoal production
and iron-smelting sites

A third, associated set of practices enhancing
soils through the addition of biochar concerns
the kilns used to make charcoal. In several ac-
counts farmers assert that areas around char-
coal kilns and areas in the vicinity of ancient
iron-smelting sites are enduringly improved.
Peter Schmidt (personal communication) re-
ported that in Buhaya, Tanzania (Bukoba
District), farmers sometimes seek out features
such as iron-smelting furnaces for their farm-
ing, explaining that the charcoal and ash
improve the soil.

Oguntunde et al. (2004, 2008) examined
the effects of charcoal production on soil phys-
ical properties in the forest—savanna transition
zone of Ghana. As in ‘soil burning practices’,
water conductivity, porosity and infiltration im-
proved, soil pH increased, exchangeable minerals
were much increased (with available potassium
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up by 329%) but organic C and total N decreased
by 9.8% and 12.8%, respectively. Sand (and
pseudo-sand) content increased as the clay frac-
tion decreased. Overall, maize yields increased by
about 50% relative to a control.

Within the yam farming areas around Kin-
tampo in the Brong Ahafo region, in recent
years many farmers have taken up charcoal pro-
duction as a subsidiary activity, using the dead-
wood from trees preserved as stakes as a raw ma-
terial. The circular patches on which charcoal is
burnt are recognized by farmers as being highly
fertile spots within the farm landscape, particu-
larly for maize and vegetables. However, good
yields are only achieved in these areas 2 years
after burning, which suggests that there might
be some microbial activities associated with
charcoal remains which impart positive fertility
characteristics to the soil.

Conclusion

Growing recognition of the need for more sus-
tainable alternatives to industrial farming, such
as agroecology (De Schutter, 2011), conserva-
tion agriculture (Hobbs et al., 2008), organic
farming (Foley et al., 2011, p. 339) and ‘eco-
logical intensification’ (Tittonell, 2014) has led
to a revival of interest in the potential of trad-
itional agroecosystems and soil enrichment
practices. These have inspired many of the alter-
natives because they exploit locally available and
renewable resources, emphasize nutrient recyc-
ling and biological maintenance, rather than in-
puts of exogenous and finite agro-chemicals to
enhance crop production and food security.
They also sequester a large amount of carbon in
soils and could contribute to mitigation of cli-
mate change. In addition, these systems often
rely on and conserve both local biodiversity and
indigenous culture (Altieri, 2002; Gliessman,
2007; Perfecto et al., 2009). Their study may re-
veal sustainable food production practices whose
key traits can be transplanted to regions that are

climatologically similar (or becoming similar)
(Altieri and Nicholls, 2013).

Recent policy statements show a renewed
interest in possible contributions of small-scale
farmers and their knowledge to models or path-
ways towards sustainability. For example, Oliver
de Shutter, United Nations Special Rapporteur
on the right to food, is a prominent advocate
for agroecology (http://www.srfood.org/en/
agroecology). The Montpellier panel of inter-
national agricultural experts recommends
‘building on and sharing the expertise of African
smallholder farmers’ and the ‘scaling up and out
of appropriate and effective technologies and
processes’ derived from these systems (Montpel-
lier Panel, 2013, p. 4).

This chapter has shown how indigenous
soil enrichment practice is a fundamentally
overlooked aspect of traditional agroecosytems.
Contemporary interest in biochar-based systems
that inherently mimic indigenous soil enrich-
ment practices that lead to the formation of en-
duringly fertile and carbon-rich AfDE is now
stimulating emerging research and development
in Africa, and some agricultural and soil scien-
tists are involved in this. But the emphasis is on
introducing biochar systems as a technology for
Africa, transferred from elsewhere (e.g. from
the Amazon). The initial emphasis is thus more
on induced rather than indigenous innovation.
A number of trials are in progress involving
partnerships between European and American
institutions (Amazonian terra preta researchers
amongst them) and African ones. Some claim
farmer-participatory methods. But none attend
to indigenous soil management practices or ac-
knowledge the possibility that biochar might al-
ready be part of local farming repertoires. This
review alongside our research on African Dark
Earths (Fraser et al., 2014; Frausin et al., 2014;
Solomon et al., 2016) has drawn attention to the
potential importance of widespread existing
soil-enriching practices in diverse regions of
Africa for sustainable agricultural development
strategies.
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10 will the Real Raised-Field Agriculture
Please Rise? Indigenous Knowledge
and the Resolution of Competing Visions
of One Way to Farm Wetlands

Doyle McKey,* Delphine Renard and Marion Comptour

Raised fields (RFs) can be defined as ‘any pre-
pared land involving the transfer and elevation
of earth in order to improve cultivating condi-
tions’ (Denevan and Turner, 1974). Drainage is
of course not the only way in which elevating
earth improves conditions for farming, and wet-
lands are not the only environments in which
raised fields (or ‘raised beds’, as little-elevated
structures are often termed) are found. None-
theless, the largest and most extensive raised
fields are found in seasonally flooded wetlands
and it is in these habitats that raised-field agri-
culture (RFA) has been most studied. RFA is
practised today by farmers of wetlands in nu-
merous parts of Africa, Asia and Oceania (Dene-
van and Turner, 1974; Baveye, 2013). Ironic-
ally, however, RFA has attracted most attention
in a region where it has been virtually extinct
for half a millennium or more, and almost no
attention in regions where it is practised today.
A review of flood-based farming systems in
Africa (Landarte Puertas et al., 2016) did not
even mention wetland RFA. Over 30 years ago,
Vasey et al. (1984) lamented that while the
morphology of raised fields in many parts of
the world had been well described, very little
work had been devoted to the ecological func-
tioning of wetland raised-field systems. This is
still largely true. Even for the famed chinampas

of the Valley of Mexico, Frederick (2007) found
only four studies that actually presented
primary data, and this appears not to have
changed much since.

Studies of RFA in the Neotropics have been
conducted mostly by archaeologists and geog-
raphers (e.g. Erickson, 1995; Denevan, 2001;
Rostain, 2012). They study the vestiges of an-
cient raised fields and, in some sites, experimen-
tal raised fields that have been built, or rehabili-
tated, in attempts to explore how the extinct
agricultural system may have functioned (e.g.
Swartley, 2002; Saavedra, 2009). Researchers
in these projects have sometimes included soil
scientists (e.g. McKey et al., 2010; Rodrigues
et al., 2015, 20164, b), but not agronomists,
let alone agronomists with experience in extant
RFA in the Old World.

Why has wetland RFA attracted such inter-
est in the Neotropics? One important reason is
the nature of the only system that seems to have
survived to the present day (albeit in altered form
(Torres-Lima et al., 1994)), the famed chinampas
of the Valley of Mexico (Coe, 1964; Armillas,
1971; Frederick, 2007; Hagmann, 2009). These
represent an intensive wetland agricultural sys-
tem that sustained dense populations of humans
over at least several centuries. Although today
they produce organic vegetables and cut flowers
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for urban markets, rather than maize for subsist-
ence, today’s chinamperos continue to apply
ecological principles in interesting ways in the
design of agroecosystems. Their practices in par-
ticular show deft coupling of aquatic and terres-
trial compartments in the management of nutri-
ents, drainage and irrigation.

Another reason for the interest in RFA in
the Neotropics was the discovery by geograph-
ers and archaeologists of huge areas of wet-
lands in South America, and smaller areas in
Mesoamerica and Central America (e.g. Martin
etal., 2015), covered by vestiges of pre-European
raised fields (Denevan, 2001). The findings
that extensive areas of seasonally flooded sa-
vannas in South America were modified by
pre-Columbian populations became one of the
principal tributaries to the flood of new evi-
dence that humans had played a role in shaping
the landscapes of pre-Conquest Amazonia, evi-
dence summarized in Denevan’s (1992) paper
on the ‘pristine myth’ and popularized in the
book by Charles Mann (2005).

As they debunked the ‘pristine myth’,
archaeologists and geographers also increas-
ingly challenged the long-influential ideas of
Betty Meggers (1971) about environmental
limitations to agricultural production and the
development of large, complex societies in Ama-
zonia. According to Meggers, the highly wea-
thered soils of savannas and of forests in terra
firme between the major rivers are too infertile to
support dense human populations. In forested
areas, however, new research on terra preta
(‘black earth’), and related soils now grouped as
Anthropogenic Dark Earths (ADE), showed that
even highly weathered, infertile Oxisols could be
modified by humans — through the addition of
nutrients, but most importantly through the
addition of charcoal that increased nutrient
retention — to produce very fertile soils that could
sustain intensive agriculture (e.g. Lehmann
et al., 2003; Glaser and Woods, 2004; Woods
etal., 2009). Wetland RFA seemed to fit into this
same vision. The building of raised fields over-
came drainage problems, and the chinampas
model — to which archaeologists frequently
turned in efforts to compare their findings with
observations about the functioning of a putative
present-day analogue — seemed to suggest that
nutrient limitations could similarly be overcome.
By such inventions, humans could overcome

environmental constraints, to the point that the
latter became ‘negligible analytic phenomena’
(Balée and Erickson, 2006, p. 4).

The notion thus grew of wetland RFA as a
highly intensive and productive form of wetland
agriculture. Based (explicitly or implicitly) on
their conceptions of the chinampas system,
archaeologists often assumed that the almost
continuous cultivation of chinampas would char-
acterize RFA in general (Erickson, 1994; Lee,
1997; Barba, 2003; Saavedra, 2006). However,
the chinampas differ in many ways from RFA sys-
tems in tropical lowlands. The chinampas were
built in lakeshore environments where water
was continually present, allowing crop growth
throughout the year; their soils were relatively
rich, with both lacustrine and volcanic inputs,
and with the relatively high organic matter con-
tents that characterize mid-elevation tropical
settings; and the impact of pests and pathogens
of crop plants was moderate compared with
lowland sites. In contrast, environments where
lowland RFA was conducted in Amazonia are
characterized by highly seasonal water availabil-
ity, with a long and severe dry season. Agricul-
tural activities certainly followed strong sea-
sonal cycles, with pronounced seasonal breaks
in cultivation. Soils in most of these areas are
much poorer than in the valley of Mexico.

The enthusiasm of proponents of the vision
of raised fields as a kind of ‘pre-Columbian green
revolution’ was thus soon met by criticism
(Chapin, 1988; Swartley, 2002; Lombardo et al.,
2011; Baveye, 2013). These critics pointed to
the important ecological differences between the
region where chinampas are farmed and the re-
gions where vestiges of raised fields occur in
South America, and identified important limita-
tions in the experiments aimed at reproducing or
rehabilitating raised fields. They argued that
RFA was not intensive, but rather extensive, in
the sense that cultivation was not permanent
but likely required long fallow periods to allow
reconstitution of nutrient stocks in the poor,
weathered soils where most vestiges of lowland
South American RFA occur. They argued that
RFA was adopted less because of the opportun-
ities it may have presented than as a matter of
necessity: demographic pressure, conflicts with
other groups, climate change or some other fac-
tor forced some groups to find ways to conduct
agriculture in these marginal environments.
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Pushing their arguments to the limit, some
critics argued that the only function of raised
fields was to adapt to the constraint of flooding
(Lombardo et al., 2011). Adding to the scepti-
cism about the agronomic potential of RFA is the
apparent failure of experimental RFs in all re-
gions where this approach has been tried, in the
sense that it was never adopted by local people
following the experiments (Renard et al., 2012;
McKey et al., 2014). Critics declared these ex-
periments in reintroduction of RFA to be failures
(e.g. Lombardo, 2013). However, it is debatable
whether their failure can be ascribed to agroe-
cological limitations (Baveye, 2013), to lack of
knowledge about wetland agriculture on the part
of the persons recruited for these experiments
(Renard et al., 2012), or to factors that make
raised-field agriculture unable to be adapted to
today’s social, cultural, or economic contexts in
Neotropical regions (Erickson, 1994).

We suggest that both these visions are inad-
equate and that the real face of RFA has yet to be
revealed. Archaeologists have over-generalized
from one system in a highly favourable environ-
ment, a system that is certainly not representa-
tive and perhaps even unique; and have inferred
or even ‘invented’ practices (and thereby also in-
digenous knowledge) from necessarily imperfect
attempts to reconstruct RFA experimentally. It is
not surprising that RFA fails to live up to the un-
realistic expectations based on these misunder-
standings. At the same time, researchers have
not taken advantage of the opportunities for
comparison with a perhaps more informative set
of present-day analogues: RFA as practised by
farmers in a range of environments in the Old
World tropics today. For these reasons, the real
nature of wetland RFA has been misunderstood.

Although two pioneers of the study of RFA
in the Neotropics turned to extant Old World
systems for inspiration 40 years ago (Denevan
and Turner, 1974), this lead has not been foll-
owed up. With the many pressures favouring
regional specialization — and the frequent reluc-
tance among social scientists to posit that a soci-
ety’s cultural behaviour can be predicted, even
partially, based on environmental constraints
faced by the society — few archaeologists and
human geographers are prepared to attempt
broad cross-regional comparative perspectives.
For the ecologist, however, using a comparative
approach to search for convergent practices in

similar environments is second nature. That this
approach can bear interesting fruit is shown by a
recent comparison of savanna floodplain fisher-
ies in the Bangweulu basin of Zambia and the
Beni llanos of Bolivia (McKey et al., 2016).

What Can We Learn From Present-Day
RFA as Practised in the Old World?

Despite the long-divergent histories of their
peoples and cultures, ecological similarities make
present-day RFA in the Old World a more inform-
ative analogue of RFA in pre-Columbian South
America than are the chinampas. Observing Old
World practitioners of RFA also avoids the meth-
odological limitations of experimental recon-
structions of RFs (McKey et al., 2014), in which
the ‘farmers’ recruited for these experiments
have usually lacked any prior knowledge of wet-
land agriculture and whose practices may not re-
semble those that prevailed in pre-Columbian
times. The practices of present-day Old World
RFA farmers, whose livelihood depends on know-
ing how to farm the soils of these environments,
are likely to be much better indicators of how
pre-Columbian inhabitants of South America
farmed wetlands.

Among the questions about present-day
RFA suggested by inferences that archaeologists
have made about pre-Columbian RFA — and by
controversies about these inferences — are the
following.

Why do people construct RFs? All agree
that drainage is an important reason why soil
surfaces are raised, but some argue that this is
their only function (Lombardo et al., 2011), dis-
counting any role of nutrient management.
Others argue that vegetation and sediments
added to RFs from the surrounding area (for ex-
ample, in the aquatic component of RF agroeco-
systems) furnish nutrients to crops (e.g. Erick-
son, 2008; Renard et al.,, 2012). Could the
supply of such nutrients sustain intensive, con-
tinued cultivation of these systems, or are fallow
periods required to restore nutrient stocks (or to
limit pests and pathogens)? If fallows are inte-
grated, how are they managed? Is fallow vegeta-
tion burned or mulched?

The local knowledge of present-day RFA
farmers in the Old World tropics has hardly been
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plumbed, so a synthesis is impossible. The next
section offers observations from our field work
about local knowledge and practices of present-
day RFA farmers concerning a few key themes.
This work has been conducted in two sites in Af-
rica: the Bangweulu basin in Zambia and the cu-
vette region of the Congo Republic. Wetland RFA
is also practised in tropical Asia (e.g. Mollard,
1999; Bai et al., 2014) and Oceania (e.g. Kirch,
1978). The most in-depth account of RFA in the
Old World is provided by Sillitoe (1996). Al-
though that study was conducted in a non-wet-
land setting (the New Guinea highlands), it will
be shown that its findings are highly pertinent to
our African studies.

Resource concentration as an overriding
function of raised fields

Drainage is certainly a major function of raised
fields. Studying the vestiges of RFA in several
sites across the Beni Llanos of Bolivia, Rodri-
gues et al. (2015, 20164, b) found that the
height of vestiges of raised fields varied among
sites in relation to the depth of flooding typical
of the site. A similar relationship is found be-
tween the height of present-day raised fields in
Zambia and the high-water level characteristic
of the site.

However, drainage can be seen as just one
part of an overriding function of RFs that has
been largely overlooked: the spatial concentra-
tion of resources in a resource-poor environ-
ment. The acid, infertile, seasonally flooded sa-
vannas in which wetland RFs usually occur are
characterized by the scarcity of several resources
important for plants; mounds or ridges concen-
trate these resources at levels that crop plants
can use. The most obvious example of resource
concentration in these flooded environments is
the concentration of soil into well-drained is-
lands, but other scarce resources, such as min-
eral nutrients, are also concentrated. In present-
day RFA in Africa, RFs serve to concentrate on a
limited planting surface the topsoil and nutrient-
containing plant biomass (e.g. weeds, fallow
vegetation) collected from a considerably larger
surface around the mound or ridge. The concen-
tration of resources into relatively rich patches
may be the key to viability of agriculture in an

environment where mean resource levels would
support only limited production.

We observed the building of raised fields
near Mossaka, in the cuvette region of the Congo
Republic (Fig. 10.1; for description of sites see
McKey et al., 2014). Where the field is to be built,
grass and other herbaceous vegetation is up-
rooted from a large area and left to dry for a few
days (Fig. 10.1a). The partly dried plants are
then stacked to form a round mound or an
elongated platform, up to 1.5 m tall and 20 m
long or more (Fig. 10.1b). The new RF is com-
posed almost entirely of plant biomass, with the
exception of small amounts of mineral soil
clinging to the roots of each plant (Fig. 10.1c¢).
RFs are long-lived structures, persisting for dec-
ades. Farmers told us that it takes 1-2 years of
decomposition of these large amounts of or-
ganic matter for fertility to reach its highest
levels (Fig. 10.1d).

With decomposition RFs lose height, and
more material of the same nature (i.e. mostly
plant biomass) is added from the surrounding
area each year the field is put into use, to main-
tain the desired height (Fig. 10.2). The concen-
tration of topsoil and litter to make a raised
planting surface and the concentration of nutri-
ent-rich biomass on a fraction of the total sur-
face are both essential to the agronomic quality
of RF soils.

In the Bangweulu basin, Zambia, historical
and comparative information suggests that the
initial function of building RFs was to concen-
trate nutrients and that drainage is a function
that was acquired later. In this region, wetland
RFA appears to be an extension of the Mambwe
mound cultivation system in savannas (Siame,
2006), which is itself in turn derived from
large-circle chitimene slash-and-burn cultiva-
tion in miombo woodlands (Stromgaard, 1989).
Soil fertility is low in miombo woodlands, re-
quiring nutrient concentration to support crop
growth. In large-circle chitimene, ‘woodland is
not simply felled and burned, as is normal under
slash-and-burn agriculture, but trees are chopped
in a larger area, the outfield, and the slash piled
in a smaller area, the infield, and burned’
(Stromgaard, 1989).

Nutrients that can support crops are in
even shorter supply in savanna, where plant
biomass is lower. Agriculture around the basin
was initially conducted primarily in woodland.
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Fig. 10.1. Platform raised fields, cuvette region of the Congo, near Mossaka, Congo Republic. (a) To
make the field, grass is uprooted from a large surface. After a few days’ drying, grass and soil clinging to
roots will be piled up and concentrated on a small area to make the raised field. (b) A newly constructed
raised field 20 m long. (c) Detail of the surface of the raised field showing that it comprises plant biomass
and soil clinging to roots. (d) A platform raised field in its second year, bearing young manioc (cassava)
plants. (All photographs by the first author.)

Fig. 10.2. Round raised fields, cuvette region of the Congo, near Mossaka, Congo Republic. (a) Round
raised field showing the large surrounding area from which biomass and soil are gathered to add to the
field. (b) Plant biomass recently added to the top of the field. (All photographs by the first author.)
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Plots were slashed and burned, cultivated for
one or two crops, and then left in fallow. How-
ever, as demographic pressure increased owing
to population growth and inter-ethnic conflict,
forest land became ever scarcer and farmers
began to open plots in savanna. In finding ways
to take advantage of even scarcer resources,
farmers moved from slash-and-burn of wood-
lands to slash-and-mulch and in-field compost-
ing in mounds made in savanna, in a system
known locally as fundikila (Stromgaard, 1989).
During the dry season, grassy vegetation is cut
or uprooted, concentrated into piles and then
covered by dirt to form mounds. These are left
fallow through the rest of the dry season. Crop
growth in the next rainy season depends on the
release of nutrients by the decaying grasses bur-
ied in the mounds. Some crops (beans, maize,
cassava) are planted on the mounds. Mounds
are then flattened and the humic soil is spread
and planted with important crops such as finger
millet, then cassava and sorghum, which are left
during the dry season. During the following
rains the mounds are thrown up again for a se-
cond cropping season and then levelled before
being left to fallow. According to farmers, plots
regenerate faster when levelled than in the
mounded state (Stromgaard, 1989). In fundikila,
the primary function of mounds is thus clearly
the concentration and composting of nutrients.
Stromgaard (1990) showed that this highly
labour-intensive system was sustainable. After 4
years of legume—cereal crop rotation on mounds
alternating with flat cultivation, more nutrients

had accumulated in the soil of the mound than
were present before in the fallow.

As demographic pressure continued, popu-
lations were pushed to open their fields in ever
more challenging environments, from upland
savanna to seasonally waterlogged to seasonally
flooded savanna. In these environments, RFs ac-
quired a second important function: drainage.
In these poorly drained environments, mounds
are not flattened before planting; rather, crops
are planted on the mounds. And as in the Neo-
tropics, the higher the water level reached dur-
ing flooding, the higher (and broader) the
mounds are constructed (Fig. 10.3a). The exten-
sion of agriculture from forest to upland sa-
vanna to seasonally waterlogged and seasonally
flooded savanna appears to support the hypoth-
esis proposed by some students of archaeological
RFA in South America that people adopted RFA
more out of necessity than because of the oppor-
tunities it offered. However, it is important to
recognize that during this transition, nutrient
scarcity became a major constraint for agricul-
ture even before drainage. Management of scarce
nutrients, via the management of organic mat-
ter, has probably always been important for the
agronomic viability of RFs (Fig.10.3b).

The importance of nutrient management
as a function of RFs was amply documented by
Sillitoe (1996), who worked among the Wola in
the New Guinea highlands. Here, flooding is not
a factor. Farmers plant their crops in large circu-
lar mounds (2—-3 m in diameter and 1 m or so high),
in whose centres weeds and fallow vegetation

(b

Fig. 10.3. Raised fields in the Lunga Bank, Bangweulu basin, Zambia. (a) Large raised fields in a deeply
flooded area. Fields are about 1.7 m high. All except the lowermost 70 cm of each mound is planted with
manioc (cassava) stakes. (b) Construction of a new set of raised fields. The large piles of plant biomass
will be covered with soil. (All photographs by the first author.)
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are composted. Nutrients from the decomposing
vegetation were shown to be essential for the
maintenance of yields of sweet potato, the staple
crop; and yields increased with longer fallow
periods that supplied more plant biomass and
nutrients. Mound building also increased the
depth of topsoil and its friability, enhancing root
penetration. Although soils in Sillitoe’s study
site were characterized as being acid (mean top-
soil pH 5.13) and of low fertility (mean topsoil
cation exchange capacity (CEC) 27.8 mEq/100 g),
those of our African sites were much poorer. In
the Congo site, pH ranged from 3.58 to 4.02 and
CEC from 3.9 to 14.1 mEq/100 g (unpublished
data). In Zambia, Stromgaard (1990) reported
(for unmounded topsoil in savanna) values for
pH of 5.1 (comparable to the New Guinea site),
but for CEC values of only 2.6 mEq/100 g. In ad-
jacent mounds, both values were increased, and
the concentrations of critical nutrients, includ-
ing phosphorus and calcium, were doubled
(Stromgaard, 1990). In the highly infertile soils
of both African sites, the positive effect of
mounding on nutrient status is even more cru-
cial than in New Guinea.

In Zambia, as we have seen, the adoption of
wetland RFA appears to have been preceded by
farming of less constraining upland environ-
ments, first forest, then upland savanna and
then seasonally flooded savannas, entailing
shifts to ever more labour-intensive practices to
effectively recycle scarce nutrients. Did the
adoption of wetland RFA by pre-Columbian
farmers in South America sometimes follow a
similar series? Did mound building continue to
have an important nutrient-recycling function
in wetlands? Whitney et al. (2014) found evi-
dence for maize cultivation in RFs. They sug-
gested (as we have argued for our African sites)
that in the region’s acid, infertile soils this would
have been impossible without some kind of soil
improvement. However, there appears to be no
evidence for practices that could have accom-
plished this. It might be very difficult to detect
evidence in archaeological vestiges of RFA in
South America of nutrient-recycling practices
like those employed by present-day Zambian
farmers. Present-day African farmers concen-
trate nutrients by concentrating rapidly decom-
posable herbaceous plant matter. Nutrient con-
centration is likely to be ephemeral, and since
vegetation is usually slashed and mulched,

rather than burned, durable signals such as de-
posits of charcoal — which enable detection of
nutrient concentration in terra preta anthropos-
ols centuries after their abandonment — are ab-
sent. The most suggestive evidence of the im-
portance of amendments to organic matter in
wetland RFA in the Neotropics comes from stud-
ies of pre-Columbian RFA in French Guiana
coastal savannas. McKey et al. (2010) found
evidence for the wholescale removal of topsoil
from an area about 100 m from a complex of
RFs and postulated that it was transported and
added to the RFs. In the same site, Iriarte et al.
(2012) found evidence of low fire frequency
during a 300-year period of RFA, suggesting
slash-and-mulch rather than slash-and-burn
management of fallow vegetation.

Are RFs always perennial structures?

Archaeologists have assumed that in pre-
Columbian South America individual RFs, like
chinampa ridges, were long-lived structures. Is
this true of present-day RFA in Africa?

In the cuvette region of the Congo Republic,
according to the farmers we interviewed, RFs are
indeed perennial structures. Once built, they are
maintained and added to over time. After each
cropping-and-fallow cycle, vegetation around
the field is cut or uprooted and added, along with
the topsoil clinging to the roots, to the top of the
mound before the new crop is planted (see
Fig. 10.2a, b). In the Bangweulu basin, however, in-
dividual RFs are short-lived structures. We have
seen that in the apparent historical precursors of
wetland RFA in that region, i.e. fundikila mounds
in non-flooded savannas, mounds are regularly
levelled and their humic soils spread, sometimes
even before crops are planted. As RFA moves pro-
gressively into poorly drained environments,
mounds are left in place and crops are planted on
them. However, even in these seasonally flooded
environments, mounds are flattened from one
cultivation cycle to the next. At the end of the fal-
low period (usually 1-3 years after cultivation),
vegetation is cleared and put in piles in the spaces
between the mounds. Then the old mounds are
dug up and the earth is transported on to the
piles of dead vegetation. In effect, the whole grid
of RFs is moved one space diagonally on the
checkerboard with each new cycle of cultivation.
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Even the largest RFs we observed in Bang-
weulu are levelled after a single cropping cycle.
On Lunga Bank, a deeply flooded area with
relatively rich soil in the central part of the
basin, we observed round mounds up to 1.7 m
tall and over 3 m broad (McKey et al., 2014; see
Fig. 10.3a). Cassava stakes are planted in these
large mounds, in all parts except for the lower-
most 70 c¢cm, which is virtually certain to be
flooded in all years. As the water begins to rise
during the high-water season, harvesting
starts at the bottom and progresses upward.
The construction of these very large mounds
must require much more labour than else-
where. Nevertheless, they are flattened after a
single year of cassava cultivation. The follow-
ing year, the flattened area once covered by RFs
is planted in rice. When asked about the reason
for this rotation, farmers immediately provided
a demonstrative explanation. Digging into the
soil with a machete to show us the roots, with
each stroke they unearthed one or more large
white grubs feeding on the roots, the rhizopha-
gous larvae of an unidentified scarabaeid bee-
tle. Larvae of several Phyllophaga spp. are known
cassava pests throughout the tropics (Bellotti
and van Schoonhoven, 1977). According to
the farmers, if they planted cassava every year,
the crop would be destroyed by these pests.
After 1 year in rice, mounds are rebuilt and the
RFs once again are planted in cassava.

The striking difference in longevity of indi-
vidual RFs between the cuvette region of the
Congo and the Bangweulu basin is remarkable.
This difference appears to be rooted in the histor-
ical origin of wetland RFA in the Bangweulu
basin from chitimene and fundikila systems in for-
est and upland savannas, respectively. Are there
also functional reasons that help to explain why
mounds throughout Bangweulu — not just those
in Lunga Bank that are flattened to make way for
rice in alternate years — are regularly levelled?
This question is so far unanswered.

What do our observations of the frequent
destruction and reconstruction of RFs in the
Bangweulu basin say about the assumption of
archaeologists that pre-Columbian RFs were
perennial structures? Were some South Ameri-
can RFs periodically destroyed and rebuilt, as in
present-day Bangweulu, or were they all perman-
ent structures, as in the cuvette region of the
Congo? This question appears to be intractable

with currently available data. One important
factor must be taken into account: with only
wooden tools at their disposal, pre-Columbian
farmers may have been reluctant to destroy and
frequently reconstruct RFs. Present-day RF
farmers have access to metal tools and presum-
ably can move larger volumes of earth with a
given expenditure of time and energy.

Is cultivation continuous, or interrupted
by fallow periods?

Although soil fertility varies considerably in
areas of South America where pre-European
RFs are found, even among sites in a single re-
gion (compare Rodrigues et al., 2015, 2016a, b),
the soils are often quite infertile. For example, in
parts of the Beni llanos of Bolivia, soils are so
acid and leached that problems of aluminium
toxicity appear (Rodrigues et al., 2016a). Fur-
thermore, pests and pathogens in lowland envir-
onments likely built up rapidly to levels that
would have required fallow periods.

In the two regions where we have begun to
study wetland RFA in Africa, only exceptionally
rich soils, like those rich in organic matter in the
Lunga Bank in the Bangweulu basin, can be
cultivated year after year. And, as described
above, even there pests have led to the adoption
of crop rotation in alternate years. In all other
sites in these regions, soils are acid, weathered
and of low mineral fertility, so that farmers
must manage organic matter deftly. Fallow
periods are everywhere integrated into cropping
systems and agricultural production appears to
depend on fallow periods that are long enough
to allow vegetation to grow and accumulate nu-
trients in plant biomass. In general, in both the
cuvette region of the Congo and the Bangweulu
basin, farmers practising wetland RFA leave
fields fallow for at least 2—3 years between crop-
ping cycles. Mound cultivation and wetland
RFA in the Bangweulu basin are certainly much
more intensive, in terms of both labour and
productivity per unit area, than the kind of
agriculture that preceded them. In the 1980s,
the fundikila grassland-mound system supported
population densities of 12 persons/km?, compared
with a carrying capacity of 2-6 persons/km?
for large-circle chitimene in miombo woodland
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(Stromgaard, 1989). The diffusion of cassava in
these systems in the second part of the 20th
century enabled both greater production and
shortening of fallow periods, making possible
population densities 10-15 times higher than
in chitimene (Holden, 2001). However, fundikila
and wetland RFA are still ‘extensive’ in the
sense that they are not permanently cultivated;
fallow periods, albeit short, are required for
sustainability.

RFA and Resource-Concentration
Mechanisms in Natural Ecosystems
of Seasonally Flooded Savannas

Spatial self-organization and resource
concentration in natural ecosystems

Humans are not the only organisms that build
elevated structures in seasonally flooded savan-
nas. Long before humans built RFs, various soil
animals, principally earthworms and social
insects, built mounds in these environments,
thereby escaping flooding. In doing so, they
concentrated soil in well-drained islands. Earth-
mound landscapes made by soil animals are
widespread in seasonally flooded savannas
(McKey et al., 2014). Interestingly, these land-
scapes show striking regularity, as do RF land-
scapes built by humans. In the case of soil
organisms, however, the regularity is not planned,
but instead emerges from natural processes
that incorporate feedback loops, most often the
combined actions of individual soil engineers
on the abiotic environment. Processes acting
at local spatial scales generate patterns seen
at very large scales. The mechanisms that
produce such emergent regularity are termed
self-organizing.

Spatial self-organization of ecosystems
characterizes a diversity of environments, ran-
ging from seasonally flooded savannas to
semi-arid shrublands, that all have one thing
in common: a critical resource — water in semi-
arid shrublands, well-drained soil in seasonally
flooded savannas — is in short supply, and soil
organisms modify the distribution of this re-
source, concentrating it in some patches and
depleting it in areas between these patches
(Rietkerk et al., 2004; Rietkerk and van de Koppel,

2008). In the mosaic landscape thus created,
resource-rich patches can shelter organisms
that could not persist if resources were spread
evenly over the landscape.

The mechanisms leading to spatial self-
organization have been well studied in semi-arid
shrublands (e.g. Meron, 2012), but work on
this theme in seasonally flooded savannas is in
its infancy. In the surales landscapes of the Ori-
noco Llanos of Colombia, large earthworms
build towers in seasonally flooded savannas that
allow them to respire while feeding in the water-
logged soil. As the worm has a permanent gall-
ery system and continually returns to the same
spot to breathe, carrying a load of excrement
each time, the tower becomes a mound. As the
soil carried to the mound comes from the basin
surrounding the mound, the basin becomes
deeper, preventing the formation of a new
mound nearby. This threshold minimum dis-
tance between mounds, combined with high
density of the worms, leads to a highly regular
earth-mound landscape (Zangerlé et al., 2016).
‘Termite savannas’ are also frequent in season-
ally flooded savannas, as termite colonies build
large mounds that enable them to escape flood-
ing. In the case of termites, inter-colony compe-
tition is thought to drive spacing (Bonachela
etal., 2015).

Well-drained soil is not the only resource
concentrated in mounds by these ‘soil engin-
eers’. In the surales mounds, earthworms dur-
ing the high-water season continually trans-
portlarge quantities of soil from the waterlogged
basin to the aerobic environment of the tops
of mounds, enhancing mineralization of the
contained organic matter (Cunha et al., 2016).
Termite mounds, in particular, are well known
to be ‘hotspots’ of nutrients that facilitate plant
growth (Bonachela et al., 2015). It is intriguing
that a key element of environmental manage-
ment by RF farmers — the concentration of
scarce resources for plants in elevated struc-
tures that comprise a small fraction of the
total land area — is also a key feature in the
functioning of natural ecosystems in season-
ally flooded savanna environments. This obser-
vation leads to an interesting question: to what
extent do RF farmers take advantage of natural
resource-concentration mechanisms in these
environments? How do natural and cultural
mechanisms interact?
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RF farmers take advantage of natural
mechanisms of resource concentration

Self-organized structures of natural origin are
incorporated into biocultural landscapes. In
Zambia, termite-mound islands in the dambos
and floodplains are favoured sites for construct-
ing fields, as they are already elevated and well
drained, and are islands of fertility (Fig. 10.4a).
In fact, the co-opting of termite mounds as farm
plots may be widespread in the infertile soils of
the miombo woodland region. Macrotermes
mounds are favoured placements for large-circle
chitimene slash-and-burn plots in miombo wood-
lands in Tanzania (Mielke and Mielke, 1982).
Pre-Columbian wetland RF farmers in the Beni
Llanos of Bolivia may have similarly incorpor-
ated termite mounds into RFs (Fig. 10.4b).
Other vestiges of pre-Columbian RFA in
South America indicate that RF farmers and
soil-engineering animals may also have inter-
acted in other ways. McKey et al. (2010) showed
that soil engineers preferentially colonize the
vestiges of raised fields in French Guiana coastal
savannas, and that their soil-transporting and
soil-stabilizing activities have contributed to
maintaining mounds against erosion. They also
suggested that these activities could have been
important during the period when RFA was

(a)

being conducted, helping to maintain resource
concentration in fallow RFs. In landscapes in Bo-
livia’s Beni Llanos today, the distribution of soil
engineers — termites, earthworms and bunch-
grasses — similarly shows clear relationships to
the distribution of RFs (see Fig. 1 in Cunha et al.,
2016) and one wonders how non-human soil
engineers may have interacted with RF farmers
when these fields were active.

Conclusions

Exploring the indigenous knowledge and prac-
tices associated with RFA today suggests a more
nuanced vision than those that have emerged
from work in the Neotropics. Wetland RFA is nei-
ther a technique that in some magical way can
bring about a ‘Green Revolution’ in acid, infer-
tile hydromorphic soils, nor is it a failed system
on which research should be abandoned. Ra-
ther, it emerges as a system that has adapted to
resource-poor environments by spatially con-
centrating resources for crops on a small propor-
tion of the total surface. The resources thus con-
centrated include well-drained soil, but scarce
nutrients are also concentrated. Nutrient man-
agement is a key function of building RFs in the
Old World, even in seasonally flooded savannas,

Fig. 10.4. Farmers convert termite mounds into raised fields. (a) Raised fields constructed on top of a
large Odontotermes termite mound, Bangweulu basin, Zambia. (Photograph by the first author.)

(b) Landscape in the western Beni Llanos, Bolivia. The round structures are mounds of an unidentified
termite species. The smallest mounds are about 2 m in diameter. In some places, approximately two to
five mounds appear to have been ‘bridged’ to make short ridge-shaped raised fields. (Mosaic of several
photographs taken using the Pixy© drone by Delphine Renard.)
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and the same is likely to have been true in the
Neotropics. However, the increases in nutrient
concentration obtained by management are
ephemeral, requiring constant renewal of or-
ganic matter, and thus may leave no traces de-
tectable by archaeologists, in strong contrast to
terra preta anthroposols.

Resource concentration by RF farmers
mirrors certain traits of natural ecosystems in
seasonally flooded savannas and other highly
constraining environments, whose functioning
is dominated by resource-concentration mech-
anisms driven by soil engineers. RF farmers
also take advantage of, and act synergistically
with, these natural mechanisms of resource
concentration.

The only failing of wetland RFA is its failure
to live up to unrealistic expectations that are
based on a fundamental misunderstanding of its
nature. In areas of South America where it once
flourished, wetland RFA may not work today. It is
labour intensive, and where human population
density is low it is both unnecessary and infeas-
ible. However, where wetland RFA exists today in
Africa it should be given more attention by all
those interested in food security and its relation
to biodiversity. Although its potential for agri-
cultural production may be less than that of
more intensive alternatives (e.g. industrial-scale
rice production) in the short term, its potential
for combining food production and the mainten-
ance of ecosystem services of wetland environ-
ments may be unmatched. In working with wet-
lands, rather than against them, RFA has the
potential to achieve food production without
destroying wetlands and the biodiversity and

ecosystem services they provide. Farmers in wet-
land RFA appear to use the biodiversity of wet-
lands to concentrate and to enhance the avail-
ability of scarce resources. They also appear to
have fashioned other resource-concentration
mechanisms that function in ways analogous to
the natural mechanisms. However, the indigen-
ous knowledge of RF farmers has barely been
plumbed. Exploring this knowledge will help us
better understand the nature of this intriguing
way of farming wetlands.
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11 Andean Cultural Affirmation and
Cultural Integration in Context: Reflections
on Indigenous Knowledge for the In Situ
Conservation of Agrobiodiversity

Christopher Shepherd*

Understanding and mobilizing indigenous,
traditional or local knowledge in the Third World
has become an increasingly important instru-
ment for the management of natural resources.
This is no less the case for initiatives concerning
the management of agricultural biodiversity in
Peru’s highlands, where an astonishing variety
of potatoes and associated tubers (mashua, oca
and ulluco) have been domesticated over millen-
nia as part of a uniquely Andean indigenous
cultural and agricultural system. Yet it is only
relatively recently that Peruvian state and non-
governmental organizations (NGOs) have come
to appreciate the intrinsic value of agrobiodiver-
sity and related knowledge, technology and cul-
tural practices, and recognize the need for planned
in situ conservation to complement what might
be thought of as an endogenous conservation
practice. Thus, a new type of institutionalized
in situ conservation has emerged which draws
on, mobilizes and revives millennia-old ‘conser-
vation’ in strategic ways (Brush, 2000).
Deploying indigenous or local knowledge
and cultural practices tends to entail complex
negotiations with local communities rather than
simply identifying relevant traditional knowledge
and putting it to use in any straightforward
manner (Pottier et al., 2003). This applies equally

* E-mail: chris.shepherd@anu.edu.au

to the in situ conservation of agrobiodiversity in
the Peruvian Andes. There, negotiations are
complex for two principal reasons. Firstly, inter-
vening organizations have different understand-
ings of why in situ conservation matters and
what should be done to conserve agrobiodiversi-
ty. In Peru, given a historical tradition of defend-
ing indigenous logics and a deep tension between
conventional and alternative approaches to de-
velopment, these understandings are generally
polarized between two approaches. One approach
follows a more exclusive ‘culturalist’ logic by aff-
irming precisely those traditions that are rooted
in indigenous Andean technology, practice and
cosmology and are known to be favourable to
the regeneration of agrobiodiversity. This app-
roach is commonly called cultural affirmation.
Another approach follows a more integrated,
developmentalist strategy whereby aspects of
Andean culture and technology are incorporated
into, and modified to suit, broader logics and ex-
ternal priorities, including those linked to West-
ern science as well as to the growth of regional,
national and international markets. I have termed
this cultural integration (Shepherd, 2010).
Secondly, negotiations are complex due to
the considerable heterogeneity among the Andean
peasant communities that might be targeted for
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in situ conservation. This heterogeneity concerns
the variable history and current distribution of
existing stocks of diverse crops and landraces —
the agrobiodiversity — and the manifold prac-
tices that have sustained and continue to sustain
that agrobiodiversity, which is referred to simply
as agrodiversity (Brookfield, 2001). As a rule of
thumb, the uneven spread of agrobiodiversity
and agrodiversity relates to the degree to which
communities are recognizably ‘traditional’ or
‘modern’. Greater distance from urban centres,
higher altitudes and limited transportation (i.e.
relative isolation) still provide the principal
measure by which Andean communities retain
traditional agrodiverse forms; conversely, rela-
tive proximity to urban centres, lower altitudes
(i.e. valleys) and good transportation are indica-
tive of greater departure from Andean diversity
traditions and a corresponding insertion of
modern forms.!

Planned in situ conservation in the Peruvian
Andes therefore takes place at the intersection of
differently motivated intervening organizations
and the spatial and technological heterogeneity
of peasant communities in which agrobiodiver-
sity itself has assumed a remarkably uneven
profile, not only across regions but also across
communities within a given area and even between
families in the same community. As Brush (2000)
noted, regenerating and conserving biogenetic
resources by deploying local (or indigenous)
knowledge may involve recourse to knowledge
that is in fact not local, given the partial or com-
plete departure from the social, technological
and biological components of agrodiversity. In
the Peruvian case, the complexities of restoring
agrobiodiversity are not only dramatized by the
different ideological positionings of organiza-
tions, but also obfuscated by them, since a cer-
tain legitimizing rhetoric on ‘Andean culture’
infuses most environmentalist interventions
into indigenous spaces. It is, in other words, pol-
itically incorrect to diminish ‘culture’.

Optimizing indigenous knowledge therefore
requires more than an understanding of the
knowledge and practices themselves that are
useful for in situ conservation. It is also neces-
sary to understand the current distribution and
availability of these practices in any given place
as well as the non-local or non-indigenous tech-
nologies that are, have been or could be introduced
to assist. In addition, optimizing indigenous

knowledge means critically examining the in-
stitutions, their strategies and incentives as
well as the broader institutional networks that
have been enrolled for the purpose of in situ
conservation of agrobiodiversity. The general
thrust of this chapter is, then, that the mobil-
ization of knowledge for the in situ conserva-
tion of agrobiodiversity must be understood
not only in the context of indigenous know-
ledge, culture and livelihoods, but also in the
context of indigenous heterogeneity, institu-
tions, markets and science networks.

The chapter is divided into four more sec-
tions. The second section briefly covers the emer-
gence of Peruvian understanding of local and
indigenous knowledge on agrobiodiversity and
how Peruvian institutions have come to recognize
and address the problem of loss of agrobiodiver-
sity. The third section explores the cultural affir-
mationist approach through a number of NGOs
who work in Peru’s southern and central high-
lands. The fourth section delivers a contrasting
case study in cultural integration, The Potato
Park, which has been established in Cusco’s pro-
vince of Calca. The chapter ends with a discussion.

Approaching Agrobiodiversity,
Indigenous Knowledge and Culture

In a land where nearly half of its 30 million
inhabitants are indigenous, Peru’s largest two
indigenous minorities are the highland Que-
chua and Aymara, spread over approximately
6000 peasant (campesino)> communities. Their
habitat falls within one of the most significant
areas of agricultural biodiversity in the world
and is represented as one of Vavilov's famous
‘centres of origin’ with a strikingly high level of
diversity in tubers, most of which spans eight
species of potato and an estimated 3000 land-
races (Zimmerer, 1996). The wide dissemination
of high-yielding varieties produced by national
and international research centres in the latter
decades of the 20th century, however, incurred
substantial agrogenetic loss in many parts of
Peru (Duenas et al., 1992). This was particularly
the case from the time of the agrarian reform
(1969-1974). While that reform brought an end
to centuries of feudal domination of indigenous
people, it also marked the beginning of a clumsy
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government attempt to modernize indigenous
highlanders through integrated rural develop-
ment programmes (Cleaves and Scurrah, 1980).
These programmes led to a substantial loss of
agrobiodiversity and with that went the erosion
of indigenous knowledge, such as phenotypical
knowledge of landraces and numerous associated
agroecological practices (Ploeg, 1993; Apffel-
Marglin, 1998). Yet as Zimmerer (1996) reminded
us, media images of a catastrophic agrobioge-
netic resource ‘wipe-out’ have been exaggerated.

During the time of science’s extraction of
germplasm for improving potato and other tuber
varieties, the proposition that Andean indigen-
ous knowledge could optimize anything apart
from poverty and deprivation was unthinkable.
It was no coincidence that 1972 was the year in
which the International Potato Centre (Centro
Internacional de la Papa, CIP) in coastal Lima (at
La Molina) was inaugurated, reflecting both the
huge store of potato germplasm in the proxim-
ate Andes as well as the desire to improve that
germplasm not only to modernize ‘backward’
Andean agriculture but also to ensure a global
supply of high-yielding varieties. That indigen-
ous peoples had long been in situ stewards of
those resources was as much taken for granted
as the emphasis of international and state insti-
tutions was directed to ex situ conservation (see
Shepherd, 2005b).

In respect to all crops, not just the potato,
the emergent political ecologies of food produc-
tion in highland Peru took shape at the negoti-
ated interface between development agents and
indigenous farmers who had long been drawn to
market possibilities yet with an enduring inter-
est in meeting their subsistence needs (Gelles,
2000; Shepherd, 2004). The response of the
peasantry to development programmes was
therefore mixed and ultimately pragmatic, con-
sisting of ongoing assessments of markets, returns
on labour and produce, the ecological viability
of particular crops and so on (Mayer and Glave,
1992). Particularly in places where market agri-
culture was less viable, peasants continued to
value diversity as the primary means for eking
out a livelihood.

While Peru’s highly bureaucratic develop-
ment apparatus systematically dismissed ‘trad-
itional Andean agriculture’ for its inefficiencies
and low productivity, a vibrant academic re-
search tradition in anthropology, economics and

geography looked to the rationality and logics
behind Andean agriculture and culture (e.g. Golte,
1980), documenting its manifold technical, social
and cosmological intricacies (e.g. Morlon et al.,
1992) and exploring the ‘co-determination’ of
subsistence and market systems (Mayer and Glave,
1992).1f one Peruvian organization, however, can
be credited with converting theory into practice
and openly challenging the historically entrenched
perspective of a deficient indigenous Andean
agriculture, it was the Lima-based NGO PRATEC —
the Proyecto Andino de Tecnologias Campesinas, or
Andean Project for Campesino Technologies (see
Apffel-Marglin, 1998). In the 1980s, PRATEC
began to document the content of campesino or
indigenous peasant technology in many parts of
the highlands, and with the support of other
NGOs set about reviving or affirming these prac-
tices. Among those organizations was a sizeable
group of NACAs (Nucleos Andinos de Afirmacién
Cultural, or Andean Nuclei for Cultural Affirm-
ation) as well as a handful of NGOs that sought
alternatives to standard development models.
Agrobiodiversity became the cornerstone of cul-
tural affirmation because it was indeed central
to traditional Andean agro-practice and all man-
ner of Andean knowledge, technology and cos-
mology could be holistically shown to be part of
diversity-oriented food production. For its oppos-
ition to the underlying tenets comprising the
monocultural and commercial direction of the
Green Revolution, agrobiodiversity also fuelled
the anti-modernist, pro-Andean, indigenist de-
mand for cultural preservation (Rengifo and
Ishizawa, 1997).

The PRATEC approach nevertheless re-
mained marginal until the end of the 20th century,
at which point in situ conservation of agrobiodi-
versity became an international priority and the
stock of indigenous traditional knowledge came
to seen as a key resource. Suddenly, PRATEC came
into its own, and even state institutions, which
had always delegitimized all that was Andean’
agriculture and culture, looked towards PRATEC
for inspiration. The state, however, could not
easily shed old habits, and in situ conservation
was converted into a means to an end, namely,
conserving agrobiodiversity as a resource for gen-
etic improvement, market development and as a
necessary adjunct to ex situ storage. As a conse-
quence, state institutions remained weak in pro-
moting comprehensive in situ agrobiodiversity
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conservation, for they fell back into selecting
‘the best’ native varieties for agroindustrial pur-
poses. For cultural affirmationists, in situ conser-
vation was an end in itself, corresponding to the
ambition to preserve the integrity of indigenous
agrocentric and cosmological life and arrest the
influence of nefarious modernity. Some actors
steered a middle path, treating agrobiodiversity
as both a cultural phenomenon and as a broader
resource for commerce and science.

Cultural Affirmation

The Centre for Agricultural and Livestock Services
(Centro de Servicios Agropecuarios, CESA) set itself
up in Cusco’s north-eastern province of Paucar-
tambo in the mid-1980s. After toying with conven-
tional development models based on high-yielding
seed, irrigation and inputs, it instituted a new
programme in 1994, ‘The Culture of Biodiversity’.
CESA was among the first NGO agents to imple-
ment in situ agrobiodiversity conservation in the
southern Peruvian Andes following the PRATEC
model of cultural affirmation. The programme
was brought to a number of districts of Paucar-
tambo, including Colquepata, which consisted
of more than 30 communities spread along both
sides of the precipitous Q’enqomayo Valley. I first
visited some of these communities in 1997 with
CESA’s director, Luis Revilla. One of these com-
munities, Miscahuara, was made up of 40 fam-
ilies living in small adobe huts scattered over a
mountainside. Covering more than 1000 ha, the
terrain extended from the relatively warm valley
at 3000 m above sea level to the grassy upper
slopes at over 4600 m, where the winds were fri-
gid and the peaks occasionally snowed under.
About one-third of the total terrain was dedi-
cated to rainfed cultivation, another third to
grazing, and much of the lower area had been
given over to eucalyptus forest under a govern-
ment programme. Raising cows, sheep, camelids,
chickens, pigs and guinea pigs was an important
but secondary component to the community’s
primary means of subsistence, namely, the culti-
vation of tubers, maize, wheat, tarwi (Lupinus
mutabilis), oats, beans, quinoa and barley; of
these, potato was the staple. The ‘vertical ecology’
of multiple ecological levels had been critical to
the development of crop diversity and, in

particular, the considerable number of potato
landraces. Miscahuara was a typical peasant
community of Colquepta. Yet across the area
there were small differences in the crop config-
uration and diversity. With regard to the potato,
some had more diversity, others had less, and
some varieties were scarce, confined to particu-
lar ecological niches. Overall, farmers’ stocks of
native seed had dwindled over the years and some
varieties had disappeared altogether (Zimmerer,
1996). Miscahuara was considerably wealthy,
for it had retained as many as 40 varieties.

If agrobiodiversity in tubers was customar-
ily attributed to the geography and climate,
CESA placed emphasis on the role of local people
(Shepherd, 2005a). Given the historical import-
ance of seed exchange in generating and main-
taining diversity, CESA's primary focus was
placed on the circulation of seed. In the local
understanding, seed distribution was said to fol-
low seed paths — los caminos de las semillas. Indeed,
seed ‘walked’, reflecting Andean cosmology in
which all entities from rivers and rocks to moun-
tains and trees are imbued with life; the Quechua
people consider seed to be alive and agentive in a
world where nothing is inanimate (Allen, 1988).
To devise a programme of intervention, CESA
learned about the existing and past dynamics of
seed exchange, seeking information from campe-
sinos as to which type of seed was circulated,
whence and to where. For instance, considerable
exchange took place between Miscahuara and
two communities on the other side of the Q’en-
gomayo Valley: Sipascancha Alta and Soncco.
Each community revealed a unique seed distri-
bution ‘map’ that CESA derived from a combin-
ation of campesino knowledge of the phenotypic
traits and names of various seed as well as the
physical action and experience (or memory) of
carrying seed from place to place. As such,
agrodiversity as it was experienced by campe-
sinos was converted into institutional know-
ledge. Knowledge of seed circulation was, in turn,
linked to other, more specific intra-community
aspects of campesino knowledge and seed move-
ments. Seed was found to move internally across
cultivated plots and among families; occasion-
ally seed was bought and sold, but more com-
monly it was exchanged, often in tandem with
ayni (reciprocal labour relations among kin or
the ayllu). Seed was also found to move from the
middle altitudes (q'ata) to the higher altitudes
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(loma) where it would be cultivated according
to the chuki tillage method and be ‘refreshed’
(refrescar la semilla).?

CESA attributed the loss of agrobiodiversity
to ‘the diminishment in the trajectories and ex-
change of seed’ that had resulted from standard
development (Shepherd, 2005a). The identifica-
tion of conventional development as the primary
cause was a simplification of a more complex
process, but it nevertheless served to legitimize
an intervention that in spirit ran contrary to the
demonized Green Revolution and the wide-
spread push, shared by the state and most NGOs,
for the market articulation of peasant commu-
nities. CESA's aim was to revitalize the fluidity of
seed exchange in order to recuperate stocks in
native varieties of potato (as well as other tubers,
beans and medicinal plants). In doing so, the or-
ganization dropped the term ‘promotion’ (of
outside technologies), replacing it with ‘accom-
paniment’; CESA employees accompanied com-
munities in accessing and restoring their own

knowledge, technologies, and cultural traditions.
Accompaniment suggested that indigenous or
local knowledge was innate and local, if par-
tially eroded, requiring little outside expertise. In
each of the targeted communities, CESA tended
to work with groups of 10-20 of the most en-
thusiastic ‘conservationist” households, to whom
it encouraged recuperation of seed by facilitat-
ing the exchange of seed and plants along routes
that were favourable to diversity.

CESA accompanied campesino conserva-
tionists in all aspects of the agricultural cycle,
from tillage, sowing and pruning through to
harvest and post-harvest phases, including stor-
age (Figs 11.1 and 11.2). Each of these implied a
rich store of local knowledge and practice, which
CESA glossed as ‘nurturing the chacra (field)'. For
example, tillage involved knowledge of the many
possible types of tillage configurations (conducive
to rain-fed irrigation and erosion prevention),
soil types, climatic conditions and plot rotation,
and sowing drew on knowledge for the selection

Fig. 11.1. A campesino family of the Q’engomayo Valley in their potato chacra. (Photograph courtesy of

CESA (Centro de Servicios Agropecuarios), Cusco.)
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Fig. 11.2. The director of CESA, Luis Revilla, emphasizes the importance of agrobiodiversity conservation
in an information session with prospective ‘conservationists. (Photograph courtesy of CESA (Centro de
Servicios Agropecuarios), Cusco.)

of seed, weather prediction, the lunar cycle,
where exactly (depth and spacing) the seed
should be planted and how locally procured or-
ganic fertilizer should be applied (Pérez Baca,
1996). Throughout the cycle, farm tools (such
as the emblematic tillage tool, the chaquitaclla)
had to be deployed in particular ways (Morlon
et al., 1992). For the labour-intensive activities
such as tillage and harvest, labour also had to be
organized, often in the form of non-simultaneous
reciprocal work exchanges (ayni) among the ex-
tended family (ayllu) but sometimes also for
community-wide working bees (faena). Given a
cultural association with fertility, women were
found to occupy specialized roles in agrodiversity,
such as in seed selection, planting and harvesting.

The fields (chacras) were construed as the
fertile ‘home’ where seed, the Pacha (the living
Earth) and people came together in dialogue.
Maintaining communication with the Pachamama
(Mother Earth) and the Apus (the mountain

deities) through ritual was deemed as critical to
agrodiversity as were the more technical aspects
of farming. Ritual offerings of coca preceded key
moments in the agricultural cycle. In this way,
the permission of the Pachamama and mountain
deities was sought to begin work, bless the seed,
protect the plants and deliver a good harvest.
Ritual enhanced the affective dispositions of the
farmers: work was performed joyfully with jok-
ing, laughter and singing, emoting a sense of
empathy and love for the chacra and for Nature
(Revilla, 2014).

In a given community or ayllu, any of the
above material, technical, ritual, technological
or affective dimensions of agrodiversity might be
weak or non-existent. The presence of seed or
particular varieties was of course highly irregu-
lar, given the intrusion of market agriculture
and the impact of increasing reliance on wage
labour outside the communities. Some facets of
traditional knowledge had fallen by the wayside,
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ayni reciprocities had eroded given substantial
out-migration, and invocations to the Pachamama
were in decline, especially on account of the new
evangelical churches (e.g. the Maranatas who
detected sinful idolatry in Andean rituals). In this
context of partial erosion, CESAs job was to ‘re-
invigorate’ the local or once-local practices by
convening discussions and exchanges. In general,
enough traditional practices remained around
the area to reinvigorate. To remember agrodiver-
sity and know-how, campesinos had recourse to
their own memories or they could consult with
community elders. Inter-communal reunions were
also convened to acquire lost seed or knowledge
and to share experiences. In a later permutation
of the project, the campesinos of Colquepta and
Pacuartambo districts travelled to Puno to pro-
cure seed there, share techniques and reinforce the
importance of ritual (Revilla, 2014). Through-
out, CESA implored campesinos to value their
knowledge and revive their customs. It also con-
tributed with some altogether new ‘appropriate
technologies’, such as the making and applying
of organic liquid fertilizer and pesticides re-
sourced entirely from native plants; only in these
cases did promotion assume its familiar form of
‘technicians’ imparting their expert knowledge
to campesinos (see Shepherd, 2004).

The success of CESA’s intervention was of
course judged on diversity counts. When T re-
visited the area in 2005 and again in 2014, sub-
stantial varietal loss had been recuperated. In
Miscahuara, for example, levels of agrobiodiver-
sity had doubled. This diversity was displayed at
various times at agricultural fairs in district and
departmental (or state) capitals. Clearly, the
campesinos had become proud of their recuper-
ated diversity and were pleased that the govern-
ment and public had begun to take an interest.
All along, CESA had offered small incentives
(such as tools) to the targeted communities to win
campesinos’ attention and to keep them partici-
pating as scheduled in the organized activities.
Fundamentally, however, the project succeeded
because the aims of the ‘Culture of Biodiversity’
resonated with local values, preferred diets, and
living in ritualized harmony with nature; in
Quechua, this is known as sumaq kausay, or liv-
ing well (or ‘fit livelihood’) (see Zimmerer, 1996;
Shepherd, 2010). CESA had also tapped into
a genuine feeling of nostalgia for the papitas
(‘little’ potatoes, expressing affection) that had

been lost, and an enthusiasm for welcoming
the papitas back home again.

In 2000, funding from FAO (Food and Agri-
culture Organization of the United Nations) gave
rise to a national in situ conservation pro-
gramme that enrolled a gamut of governmental
and non-governmental actors across the Andes.
About 30 of PRATEC's sister NGOs, the NACAs,
joined CESA in agrobiodiversity conservation.
They took their agendas to a range of areas that
differed in terms of traditions and extant agrodi-
versity. I came to research the NACAs in 2007,
under a grant from the Wenner-Gren Founda-
tion. In Puno, I followed one NACA, Chuyma
Aru, to the Aymara community of Patacancha
(province of Moho) on the north-eastern side of
Lake Titicaca. Here, there was a large number of
landraces in key staples, including potatoes.
Chuyma Aru’s appreciation of the connection be-
tween ritual life and seed exchange was more ex-
plicit than I had seen in the case of CESA in
Paucartambo. Apart from the routine rituals
that accompanied sowing and harvest, seed ex-
change was shown to be embedded in musical
rituals and dance festivals. For example, one
festival was the annually celebrated Kullarani
where a troupe of couples danced their way from
one community to the next, picking up seed
along the way. As one campesino put it, ‘the fresh
seed wakes the chacras that have been frightened
by the frosts of the foregoing season’ (Shepherd,
2010).

To promote these — what Zimmerer (2002)
described as the multi-scaled networks for seed
provisioning — Chuyma Aru did what CESA did: it
picked out the farming and ritual activities that
were conducive to diversity, and supported them
by speaking them up, attending them, docu-
menting them, providing small incentives and
being generally interested in a topic that, in the
past, had failed to excite any outsider interest at
all. Like CESA, Chuyma Aru also facilitated ex-
changes with other communities and hosted
events, bringing campesinos together from differ-
ent parts to talk about agrodiversity, share ex-
periences and, of course, exchange seed. In
Patacancha, the intervention worked for the
same reasons that it worked in Paucartambo:
cultural affirmation and agrodiversity accom-
paniment linked in with existing notions of
what constituted a good diet and a good life as
well as with practices that were affectively and
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ritualistically woven into the fabric of everyday
life. In Ayacucho, another part of Peru, I visited
a community called Warki in the district of
Chuschi (province of Cangallo) where another
NACA, Asociacion Pacha Uyway (APU), was ac-
tive. Again, the same mode of accompaniment
was evident; similar kinds of practices and rit-
uals were singled out as relevant to diversity;
and a similar level of success ensued.

When NACAs endeavoured to implement
in situ conservation in communities closer to
‘home’ — that is, closer to the departmental (or
state) capitals where they had their offices and
from where they ran their programmes — they
encountered more difficulty. The experience of
Asociacion Wari (AWAY) illustrates the point.
AWAY was active in the province of Socos, little
more than half an hour’s drive from the capital
of Ayacucho. In social, technological and bio-
logical terms, there was little agrodiversity here.
Standard agricultural development had left the
region well integrated into the urban market of
Ayacucho, and agrobiodiversity had taken a
dive. Because there was barely any local stock of
expertise, practice or seed that AWAY could draw
on, accompaniment would not be the right word
to describe the relationship between AWAY staff
and local campesinos; it was rather a kind of in-
verse promotion of exactly those forms that had
long been derided by conventional organiza-
tions, organizations that found drawbacks ra-
ther than potentials in ‘Andean tradition’ and
who had effectively contributed to the disappear-
ance of diversity-based agriculture.

Now, AWAY was sending the opposite mes-
sage to campesinos in Socos, urging them to take
up the agricultural practices and the attendant
social organization and rituals that had long
been abandoned. In Socos, pro-Andean inverse
promoters used many strategies to make their
point. They provided seed and incentives. But
what was more notable was their emphasis
on the importance and relevance of the truly
Andean’ over what was an inauthentic, ‘non-
Andean’ import. They urged campesinos to respect
what was ‘theirs’ over what came in ‘from the
outside’. AWAY promoters questioned the anti-
Andean religious messages of the new evangel-
ical churches and they ran down what they saw
as the infiltration of urban values, including
competition, individualism, consumerism and
environmental exploitation. AWAY vouched for

the Andean values of beauty, love, respect, har-
mony, reciprocity and autonomy that went hand
in hand with Andean cosmology. In such places,
it was harder for organizations to make head-
way; agrobiodiversity did not resonate strongly
with local views of what it meant to get ahead —
pursuing market agriculture, setting up small
businesses, accessing the cash economy, secur-
ing higher education for children, owning pri-
vate transport, modernizing their dwellings, and
availing of communication technologies. More-
over, the purchasing of food (rice, bread, noo-
dles) had become common and the traditional
subsistence diet had long been in decline. Agro-
diversity revival clearly struggled to take root in
places such as this.

From Cultural Affirmation
to Cultural Integration

Should one take the serpentine, unpaved road
from Colquepata (CESA's territory), up and over
the high pass (4500 m above sea level) and
down towards the township of Pisac (en route
to Cusco), one will notice that the roadside
communities on the Pisac side appear increas-
ingly less traditional: the communities are
more densely populated, the dwellings are lar-
ger with tin roofs, and there are more shops,
hostels, road traffic, irrigation and market pro-
duction. However, if one might have suspected
that more development equated to less agrobio-
diversity, as in Socos (where AWAY was oper-
ational), this was not so. Indeed, this had once
been a hotspot of agrobiodiversity, with over
750 local varieties of tuber. Cultural affirm-
ation would have done well here, but there
were clearly other options for conserving agro-
diversity, and The Potato Park (EI Parque de la
Papa) was one.*

The Potato Park is essentially an amalgam-
ation of five communities (Sacara, Chawaytire,
Pampallaqta, Paru Paru and Amaru) originally
pulled together under a number of themes:
protecting territorial rights, knowledge, re-
sources, and advancing a kind of endogenous
development, including agrobiodiversity conser-
vation. A local NGO by the name of ANDES (Aso-
ciacion para la Naturaleza y Desarrollo Sostenible,
or Organization for Nature and Sustainable
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Development) helped to organize The Potato
Park in 2000 when it proposed to the five afore-
mentioned communities as well as a sixth, Cuyo
Grande, that the land disputes which had long
divided them should be transcended and that
they should cooperate with each other for the
common good. Following this new commitment
to cooperation and the pronounced interest in
agrobiodiversity, an agreement emerged be-
tween The Potato Park, ANDES and CIP to repat-
riate hundreds of potato landraces and other
tuber varieties that CIP had collected in the
vicinity in the 1970s and had kept in cold stor-
age ever since. With the support of CIP and
ANDES, campesinos at The Potato Park worked to
‘repopulate’ almost 440 additional tubers, and
160 more came in through exchanges with
other local communities, to be cultivated and
‘held in trust’. By 2015, approximately 1400
types of locally cultivated potato and associated
tubers made The Potato Park the most dense site
of this type of agrobiodiversity in the world. To
repatriate so many, a team of ‘local knowledge
experts’ was assembled to draw on and mobilize
the stock of local potato knowledge that had
been retained by many of the communities’
elder folk.

ANDES understood this local knowledge as
embedded in what it called the ‘Andean eco-
logical logic’. The Andean ecological logic was a
sort of ‘discursive package’ that spoke of a com-
plementarity within ‘a community’ or ayllu. The
ANDES interpretation of ayllu was broader
than that commonly deployed by development
institutions, where the term simply denotes a
community of human kin. For ANDES, the ayllu
referred to a reciprocity consisting of three
sub-categories expressed in Quechua: the human
community ayllu was the runa (the ‘people’); the
ayllu of salq'a encompassed all that was wild and
mostly beyond human control (such as rain,
rivers, rocks, winds, lightning, and wild plants
and animals); and the ayllu of the aukis referred
to the sacred realm of the Pachamama and the
mountain deities (Apus). All three sub-categories
had to be in communication with each other to
maintain cosmological harmony and balance.
The Andean ecological logic was in fact a con-
ceptual offshoot of cultural affirmation.

The Andean ecological logic and the ayllu
elaborated by ANDES, however, did not form a
package that was naturally reflected in the

communities in a holistic, ideological sense; in-
stitutional discourses always operate as a par-
ticular interpretative overlay in order to make
sense of local phenomena in a way that lends an
instrumental structure to planning and inter-
vention. Nevertheless, the elements of ayllu per-
sisted in the extant traditional agricultural and
religious practices. After a decade-and-a-half of
exposure to the language of ANDES, however,
particular members of the communities spoke
the ayllu package with some fluidity, as if it were
their own. Those most adept at the new ayllu talk
were of course the local ‘traditional knowledge
experts’; these experts needed to articulate the
ayllu as a quasi-Andean cultural discourse as
much as know which local knowledge and prac-
tices were required to plant out the varieties
trucked up from the coast. A core of eight such
local knowledge experts were chosen and each
one received a salary from ANDES. According to
the director of ANDES, Alejandro Argumedo,
these indigenous Quechua-speaking profes-
sionals were employed to ‘support the communi-
ties from a participatory and cultural perspective’.
In other words, they articulated the Andean cul-
tural essence of The Potato Park to everybody
who lived within its bounds and to those who
came to pay a visit. To community insiders and
visitors alike, the local knowledge experts had to
become publicly adept at defining what was cul-
turally ‘theirs’ and what was ‘not theirs’, what
was Andean and what was not. This ontological
division was critical to making sense of the very
mixed cultural and agricultural terrain and
encouraging not only the recuperation of trad-
itional practices from a much broader constitu-
ency of local diversity-savvy farmers (and
arguably the real experts in local knowledge),
but also their presentation to outsiders. The ayllu
in fact functioned as a dual instrument for in-
ternally oriented promotion as well as externally
oriented public relations.

If the ayllu package as a holistic discourse
was more or less alien to the locals, the know-
ledge and practices that the package ‘contained’
were more or less familiar to them, particularly
to the aforementioned elders, who had kept up
their agrodiverse practices and could be called
on to teach them to others. This was the promo-
tional task of the local knowledge experts; they
had to mobilize people and knowledge to incorp-
orate the varieties coming in from CIP to the
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substantial existing farmer stocks. If the exhib-
ition of Andean idealism as well as the practical
recourse to specific traditional knowledge re-
sembled cultural affirmation, the resemblance
stopped there. The Potato Park incorporated
market and scientific logics that went well be-
yond the traditionally Andean’. The Potato Park
relied heavily on incentives, which came in the
form of salaries to the local knowledge experts,
training and associated benefits, and various
other economic benefits that derived from an ever
expanding range of market- and science-oriented
activities.

For instance, at the higher altitudes, experi-
mentation with a selection of promising native
varieties was conducted to see which ones were
most resistant to pests and viruses as well as
adaptable to a hotter climate, so that these could
be improved. CIP, INTA (National Institute for
Agrarian Research) and some university agron-
omy faculties were behind this experimentation.
ANDES underlined the fact that over the past 30
years, climatic warming meant that conditions
apt for potato cultivation had jumped in altitude
by 350 m, to a record height of over 4500 m
above sea level. At these higher altitudes, science
divided the loma (the highest ecological level)
into transections of 100 m, measuring different
variables (e.g. climatic and hydrological) and ob-
serving outcomes (e.g. growth rate and pest re-
sistance) at each transection, with and without
the addition of certain inputs (e.g. lime and car-
bonate). Because these activities involved local
campesinos, they were referred to as ‘participa-
tory improvement’ experiments.

Other participatory improvement experi-
ments sought to identify varieties that were high
in antioxidant content: ‘There’s a huge potential
market,” exclaimed the director of ANDES ex-
citedly, ‘and if these varieties only grow above
4000 metres then this can benefit exclusively
the poorest populations in our country who live
at high altitudes.” ANDES foresaw the creation
of niche markets with ‘soft intellectual property
rights’ (e.g. collective trademarks and commu-
nity registers) secured for the indigenous com-
munities responsible for primary production. In
these experiments, CIP crunched the data,
ANDES acted as a kind of intermediary (and
translator), and a group of local campesinos per-
formed the experimental labour as well as con-
tributed with their own knowledge and practice:

where to plant, how to till and sow, which tools
to use, when and how to tend the crops, when to
harvest and so on. The varieties, however, were
not planted together (en mezcla) as tradition
would dictate, but rather separately. Neverthe-
less offerings were made to the Apus and the
Pachamama at various stages of the experimental
period to guarantee beneficent tutelary moun-
tains and deities. For those who analysed the re-
sults, these offerings were inconsequential, that
is, not a rational variable requiring measure-
ment. Through this ‘live laboratory in climate
change and adaptation’, stated ANDES, ‘we can
determine the optimum altitudinal level for spe-
cific varieties and for the purpose of improve-
ment’. It should be noted that The Potato Park
and ANDES were vociferously opposed to genet-
ically modified organisms (GMOs) and hybrids.
Andean communities customarily reserve a
portion of the crop to use as seed in what is known
as vegetative reproduction. Segregating the best
seed (generally the smallest potatoes with a
healthy appearance and with more nodes) and
meticulously storing it (often in high-altitude
holes in the ground covered by layers of straw)
are skills that all Andean potato farmers must
learn; the women frequently pick out the best
seed immediately following the harvest, to be
planted the following year. At The Potato Park,
this method continued to be practised. However,
The Potato Park also superimposed another,
outside method, which entailed pollen-based
multiplication to produce disease-free tuberlets
(Figs 11.3 and 11.4). For the imported propaga-
tion method, local knowledge experts received
training at CIP, and back in their communities
they were able to implement the learned tech-
niques with the aid of in situ greenhouses and
propagation facilities. Greenhouse tuberlets gave
rise to pre-basic and certified basic seed, which
was part of a broader, prospective commercial
venture which would see virus-free seeds sold to
other farmers in the area. Virus-free seed was
also available for farmers within The Potato Park
itself, and if T suggested to ANDES that these
techniques were replacing indigenous ones of
seed selection and removing the pathogens by
planting the seed out at high altitudes (refrescar
la semilla), T stood to be corrected: I was assured
that it was rather a question of complementarity
between indigenous and non-indigenous tech-
niques. Either way, it appeared that the labour of
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Fig. 11.3. Growing out tuberlets in the greenhouse. (Photograph courtesy of ANDES (Asociacion para la

Naturaleza y Desarrollo Sostenible), Cusco.)

seed selection and the caminos de las semillas
(seed paths) were being modernized in a way
that Peru’s cultural affirmationists would be re-
luctant to endorse.

Addressing another complementarity, that
between in situ and ex situ conservation (also
known as ‘dynamic conservation’), altogether
new caminos took seed even further afield.
Botanical (sexual) seed derived from the plants’

mature berries had been taken to Europe for
storage (Fig. 11.5). At the time of research, two
campesinos had been flown to Norway with 750
varieties of botanical seed to deposit at the Sval-
bard Global Seed Vault. Images of Peruvian
campesinos in ponchos ‘at the North Pole’ ap-
peared in national newspapers and in-flight
magazines (Fig. 11.6). Campesinos at The Potato
Park insisted that only they had access to the
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Fig. 11.4. The farmers extract pollen from the flowers to produce new offspring for seed multiplication.
(Photograph courtesy of ANDES (Asociacion para la Naturaleza y Desarrollo Sostenible), Cusco.)

PRV

Fig. 11.5. A peasant examines the berries (fruit)
from which sexual seed (or botanic seed, also
known as True Potato Seed) will be derived.
(Photograph courtesy of ANDES (Asociacion para
la Naturaleza y Desarrollo Sostenible), Cusco.)

ex situ supply in the event that their in situ seed
should belost through a catastrophic event. ANDES
defended the action, stating that ‘traditional know-
ledge need|ed] to accommodate science’.

Equally anathematic to the cultural affir-
mationists would be The Potato Park’s adoption
of entrepreneurship. Ever since the advent of
structural adjustment and neoliberalism in the
late 1980s and 1990s, small business develop-
ment had become the favoured model. The

Potato Park responded to this market logic, for-
ging links with travel agencies in Cusco and
pushing itself as a tourist attraction. ANDES,
meanwhile, helped to incorporate The Potato
Park as an Indigenous Biocultural Heritage Ter-
ritory and assisted the communities in the logis-
tical organization of conducting tours, not only
for tourists but also for students on educational
exchanges. Local knowledge experts and other
locals were trained as ‘tour guides’ for this novel
form of agroecotourism and education. In a
rhetorical effort to ‘Andeanize’ the dominant
market mindset in which the initiative was
grounded, the tours were said to facilitate sumaq
kausay (good living or ‘fit livelihood’). The tour
guides would shed their modern attire, don
their traditional woven hats (chullo) and slip
into their ponchos before taking visitors to the
high-altitude experimental sites, the green-
houses, the seed propagation facilities and the
restaurant, where a delectable platter of guinea
pig and native potato was served. Visitors were
also led to the fields where they could pick up a
chaquitaclla and turn over a piece of terrain, sow
a few seeds, dig out some potatoes (depending
on the time of year), savour some coca or take
part in an offering of leaves to one of the resi-
dent Apus. At the time of research over a thou-
sand visitors had been chauffeured through the
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Fig. 11.6. Campesinos at the Svalbard Global Seed Vault, Norway. (Photograph courtesy of ANDES
(Asociacion para la Naturaleza y Desarrollo Sostenible), Cusco.)

five communities, generating a considerable in-
come, which was then distributed among the
experts, guides and cooks, while a portion was
designated to the communities. To manage the
business, some community members had re-
ceived scholarships to be trained in administra-
tion and accounting so that, said the director of
ANDES, ‘they can do it themselves and we can
withdraw little by little’. Judging by the reno-
vated houses and private cars of some of the
local knowledge experts as well as their trips to
Norway and to various indigenous summits in
Latin America, The Potato Park has become as
much about upward mobility, travel and in-
digenous politics as about the restoration of
agrodiversity; indeed, all of these are now inter-
twined. (In a comment to a draft of this chapter,
ANDES remarked that revenue derived through
the activities of The Potato Park was not the
only driver of economic betterment.)

The Potato Park has tended to omit refer-
ences to what might be called its ‘modern politics’,

unless pressed; academics also participate in this
oversight in their essentialistic analyses of cul-
ture and agriculture (e.g. Garrett Graddy, 2013),
as if The Potato Park were a prototype of trad-
ition or ayllu. One might leave The Potato Park
having learned all about how many varieties
there are, how they are planted, and how inte-
gral is the relationship to the Pachamama, but
nothing about the political fractures that run be-
tween the communities and inside them as cer-
tain actors vie for power and access to what has
become a lucrative operation. One community,
Cuyo Grande, was withdrawn from The Potato
Park because, according to the director of ANDES,
‘certain powerful people sought to control the
flow of tourism and channel incoming visitors
through their own hotels’. In his view, those
people belonged to that category of indigenous
people who leave their communities, work else-
where (in mining or construction, for example),
and later return to their home communities hav-
ing accumulated resources — money, vehicles,
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knowledge — to take over the community leader-
ship. In the case of Cuyo Grande, such people
had been able to access international funding to
construct accommodation under the rubric of
turismo vivencial or homestays. These people
were allegedly governed by an ‘individualistic
ethic’, which ran counter to The Potato Park’s
egalitarian and democratic principles. Other in-
equities extended beyond The Potato Park’s
boundaries; several neighbouring communities
wanted to become members when they saw The
Potato Park making money. (It was surely not
just agrobiodiversity per se that motivated
them.) For obvious reasons, The Potato Park’s
member communities resisted newcomers enter-
ing the fold.

Discussion

Both cultural affirmation and integrationist
modes of in situ conservation (such as The Po-
tato Park) avail of or reconstitute a core body of
indigenous, traditional or local knowledge and
practices. The institutional mechanisms for cul-
tural affirmation are lightly interventionist with
limited incentives, relying more on the estab-
lished motivation of farmers compelled to eke
out a subsistence livelihood. Cultural affirm-
ation is aimed at restoring agrobiodiversity by
promoting that which is traditionally Andean,
and resists importing new technologies (unless
shown to be easily absorbed without disruption
to ‘culture’) and resorting to ‘non-Andean’ op-
portunities; squabbles over equity (who benefits
and how much) are rare because participation is
open. Integrationism offers more incentives, is
highly interventionist, and is grounded not only
in subsistence needs but also in market logics
and scientific networks and methods; in some in-
stances, science and tradition work side by side,
while in other instances scientific methods may
overlay or replace traditional ones; equity squab-
bling is inevitably accentuated when more exter-
nal resources are accessed and a politics of
exclusion arises. As we saw with The Potato
Park, Andean culture (that integrationist ap-
proaches claim to be protecting or regenerating)
is compromised, since there is liberal recourse to
non-traditional knowledge, technology, prac-
tices and market possibilities.

In those cases where NGOs and government
institutions have found ways to incorporate
some native varieties into commercial enterprises,
these are dubitable in situ conservation meas-
ures given the focus on select varieties. (These
approaches arguably perpetuate the erosion of
the agrobiodiversity.) Similarly, the market-
oriented experimentation that takes place in The
Potato Park might appear to run counter to the
objectives of in situ conservation, since it is based
in varietal selection. However, the extensive con-
servation of existing diversity plus the repatri-
ation that was The Potato Park’s raison d'étre
from the outset counts as a legitimate mode of
in situ conservation. There is no doubt that The
Potato Park sought to preserve aspects of the
contents that fell within the category of the An-
dean ecological logic’, but it also sold that logic
in various ways to maintain a supply of diverse
germplasm for the commercialization of viable
native varieties as well as to perform an Andean-
ism’ for tourists seeking an authentic experience
of indigeneity.

With considerable incentives, The Potato
Park style of in situ conservation could work al-
most anywhere in the Andes (cf. Brookfield,
2001); the integrationist approach needs out-
side incentives, whether in the form of market-
based profits, salaries or training from NGOs or
other organizations (training may even include
the ‘relearning’ of traditional farming). If The
Potato Park represents a concentrated site of in
situ conservation and experimentation aimed
at supplying certified native seed and comple-
menting ex situ conservation, it is difficult to
imagine that there would be any demand for
more than one potato park in Peru’s southern
Andean region. Yet the biocultural heritage
territory model with a central interest in in situ
conservation writ large is currently being repli-
cated in other parts of the Andes, as it is in other
parts of the world where agrobiodiversity is
abundant.

Approaches based in cultural affirmation
can be more widely applied than parks and re-
serves of various kinds, in relation not only to
in situ conservation of tubers in the Andes but
also to a broader range of in situ conservation
strategies. Cultural affirmation seems to work
best in those places where agrodiversity is already
well represented in the form of seed, knowledge
and practice. Yet it can have a positive impact
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even where there are only remnants or memories
of traditional agrodiverse cultivation. The main
requisite is to have farmers sufficiently interested
in agrodiversity to welcome the new seed back
into their fields if and when the seed is made
available. Communities as a whole do not have
to be involved; a few ‘conservationist farmers’
will suffice. Local farmer support, furthermore,
may appear in the most unlikely places, since a
degree of disillusionment with market-based ap-
proaches to agriculture is common (often due to
poor economic returns and the marked increase
in pests and pathogens that have accompanied
the Green Revolution) as well as a certain nostal-
gia for the farming practice ‘of our grandfathers’
(de los abuelos).

Peasant communities are forever adapting
to new situations and responding to new oppor-
tunities. Improved roads and transportation, the
growth in communications technology, expand-
ing labour markets, encroaching mining oper-
ations, the flourishing ‘small-business’ mentality
of campesinos, the growth of remittances and
consumerism, the intrusion of private land mar-
kets, the rise of the new ‘anti-Pachamama’ evan-
gelical churches and the increased physical and
social mobility across highland regions, are giv-
ing new meaning to what it means to be Andean
and indigenous. Some communities close to urban
centres or around mining areas are becoming
more densely populated, while other, more re-
mote communities are emptying out, leaving
only the elders behind to tend the crops and ani-
mals. This strains traditional indigenous forms;
faenas (communal working bees), for instance,
are becoming rarer, ayni (reciprocal labour) has
succumbed to contract labour, non-monetary
exchange (treque) loses ever more ground to
monetary exchange, Andean ritual is being neg-
lected and previously cultivated land lies dor-
mant. In situ agrodiversity conservation will
have to work out new ways to accommodate
these changes, ways which will not always fit
neatly with the ideology of cultural affirmation.
Indeed, The Potato Park serves as one example
of creative thinking to a changing Andean peas-
antry that is ever more connected to phenomena
outside the communities and ever more embed-
ded in global networks.

Forces emanating from beyond indigenous
farming communities, however, do not exclude
traditional factors such as the preference for a

diverse subsistence diet, love for the chacra, and
a deeply affective and religious relationship
with seed, plants and Nature. If for some, this
sounds like romantic indigenism, it is not; it re-
mains the reality for many peasant communi-
ties, despite all the aforementioned changes.
Andeanism and tradition continue to provide a
rich repertoire of cultural imagery, meaning
and identity as well as a highly developed store
of practical knowledge by which to pursue in
situ agrobiodiversity conservation. The feeling
of diversity — farmer pride in diverse landraces,
connectedness to land and community, love of
plants, taste of produce — will always remain
key to the in situ enterprise (whether that con-
servation is planned by institutions or is a mode
of autochthonous conservation) (see Brush,
2000). Local knowledge is certainly as much
about feeling and connection as it is about cog-
nition and technique, and the delineation of
‘cultural or Andean essences’ is all part of a ne-
gotiated process where Andeanism corresponds
to a locally valid system of values and ideals
(Shepherd, 2010). Regrettably, cultural affirm-
ation has fallen into decline as an institutional
strategy, due principally to lack of funding and
the abiding concern for business. More atten-
tion therefore needs to be paid to cultural af-
firmation and the type of accompaniment
described in this chapter, which genuinely seek
to restore the full gamut of agrobiodiversity to
the fields while respecting, if not helping to re-
create, the integrity of indigenous Andean cul-
ture. Creating dense hotspots of agrobiodiversity,
such as The Potato Park, is an interesting and
innovative proposal, but should not be taken as
a replacement for widely distributed, culturally
embedded, conservation.
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Notes

' The binary that divides ‘the traditional’ from ‘the modern’ is always problematic, but less so in this case
since there is a notable correspondence between the presence of agrobiodiversity and what is commonly
understood to be traditional Andean agriculture (see Morlon et al., 1992).

2 Campesino is generally translated as peasant. In the context of this chapter, the term refers to small-scale
highland farmers who live in indigenous communities and whose mixed agricultural and livestock practices
are oriented primarily towards subsistence, with varying degrees of market articulation.

3 While loma and ghata (or q’ata) equate to altitudinal figures, representations of metres above sea level
are rarely meaningful to peasants. As Ploeg (1993) observes, the peasant experience of altitude is flexibly
interpretive: the terms up (arriba) and down (abajo) are linked to a nexus of ‘rules of thumb’ that specify
agricultural conditions, yet which appear inaccurate when taken solely as indications of relative altitude in
the quantifiable (scientific) sense. In Spanish refrescar la semilla means to cultivate a generation of seed
at high altitude in order to revitalize it and free it of disease. The Quechua chuki (labranza cero in Spanish)
is the simplest of numerous forms of tillage.

4 The figure of 750 is that given by the managing NGO, ANDES. Informants outside the potato park have
questioned the figure. It is, infact, highly unlikely that there ever existed an original stock of 750 local var-
ieties within what are now the potato park confines. If there are indeed 750 such ‘local varieties’ there today,
these would have been sourced from far and wide.
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12 The Indigenous Knowledge of Crop
Diversity and Evolution

Stephen B. Brush*

The numerous colours, shapes, sizes and tastes
within crop species are a window into cultures
and knowledge systems. This chapter relates in-
digenous knowledge to crop diversity and evolution
by focusing on two regions of crop domestica-
tion: Mesoamerica and the Andes. While indigen-
ous knowledge systems encompass many domains
relevant to agriculture (e.g. hydrology, soils, cli-
mate, pests and pathogens), the knowledge of
crop diversity is better studied than other domains.
One goal here is to show how studying indigenous
knowledge of crop diversity is useful to under-
standing the broader topic of crop evolution.
Ultimately, that understanding must depend on
fuller understanding and integration of the many
domains of indigenous knowledge employed in
producing food.

Potatoes (Solanum tuberosum) originated in
the Andes and maize (Zea mays) in Mesoameri-
ca. Greater diversity in these crops exists there
than elsewhere; the crops have extraordinary
cultural salience; and the relationship between
crop diversity, evolution and indigenous know-
ledge is readily observable. Factors that affect
this are the length of crop evolution, the pres-
ence of wild crop ancestors, and the relative
cultural and nutritional importance of local
domesticates.

* E-mail: sbbrush@ucdavis.edu

Introduction: Crop Evolution

Biological evolution, including crop evolution, is
defined as a change in gene frequencies among
populations, observable in population structure
that may suggest eventual speciation. Crop evo-
lution traces its roots to gradual practices that
established agriculture as the predominant
human mode of existence. Plant gatherers and
eventually early cultivators induced domestica-
tion through selection for favourable traits (e.g.
non-shattering seed heads) and moving plants
between micro-habitats (Harlan, 1992). Two
key processes describe crop evolution: domesti-
cation; and the diversification at the sub-species
and varietal levels. While indigenous knowledge
associated with original domestication has been
lost in the millennia since the Neolithic, we can
comprehend some aspects of the knowledge of
Neolithic people in contemporary approaches to
non-domesticated plants (Casas et al., 2007).
Domestication and diversification, the fun-
damental processes of crop evolution, push di-
versity in opposing directions. Domestication
reduced diversity by taking wild species through
the ‘bottleneck’ of human selection. Dubcovsky
and Dvorak (2007) noted that crops have lost
40-70% of the genetic diversity of their wild
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ancestors. After passing the domestication bottle-
neck, crops have generally shown a trend towards
morphological differentiation — a flowering of
varieties below the species level (Brush, 2004).
At first, this was probably a function of the diffu-
sion of crops into new areas and habitats, fol-
lowed by the accumulation of diversity derived
from farmers’ selection to meet changing pro-
duction conditions and satisfy aesthetic and
other cultural incentives. This differentiation
has not raised diversity of crops to that of wild
ancestors, but it has resulted in speciation in
some crops. The expansion of morphological
diversity appears to be halted and reversed by
forces in contemporary agriculture: scientific
crop breeding, commercial and state-sponsored
seed distribution, and industrial agriculture.

Darwin (1896) provided the fundamental
model of crop evolution that still frames crop sci-
ence. Like its natural counterpart, variation and
selection characterize crop evolution, but it is by
distinguishing two types of selection: natural
and ‘artificial’. Artificial selection refers to human-
mediated selection and, in turn, subdivides into
two distinct types: conscious (intentional) and
unconscious (unintentional). Although the
term artificial is now rarely used, Darwin’s
framework still directs us to the role of human
variation and agency in promoting variation in
crop species.

The establishment of scientific crop breed-
ing in the early 20th century triggered the
systematic collection and cataloguing of crop
diversity. The resulting inventories reveal the
accomplishment of generations of farmers in
amassing diversity, apparent in vast numbers of
varieties with distinct morphological character-
istics (morphotypes) — grain colour, taste or pro-
cessing qualities, length of growing period, cold
or drought tolerance, and so on. Gene banks
have accumulated 327,392 accessions of maize
and 98,285 for potato (FAO, 2010). The most
common source is local varieties collected from
farmers, especially in centres of origin, but they
also represent the accumulated diversity of
farming around the world. The accepted term
for these accessions is landraces (Zeven, 1998),
a term applied to traditionally derived varieties
that are recognized as distinct by farmers. Above
all, the numbers reflect the plasticity of crop spe-
cies and farmers’ ability to find and maintain
variation.

Investigating crop diversity

The effort to identify the sites of the origins of
crops culminated in the early 20th century with
the work of Vavilov (1926), who brought to fru-
ition research begun in the 19th century. Two of
Vavilov's insights were that diversity within crop
species is unevenly distributed and that geograph-
ical concentration of crop diversity was evidence
of domestication. The convergence of three forms
of information forms the contemporary approach
to understanding domestication: (i) crop diversity;
(ii) the presence of wild ancestors; and (iii) evidence
from archaeology and archaeobotany (Brush,
2004). Crop diversity was originally recognized
by the presence of numerous landraces known to
farmers and measured in plant characteristics
such as seed size or tuber shape. Contemporary
recognition includes traits not directly visible in
the plant, such as enzyme systems (isozymes)
and, most recently, molecular variation such as
that observed in short sequence repeats (SSRs or
micro-satellites) (e.g. Vigouroux et al., 2008).
These newer methods have sharpened our under-
standing of the locations of domestication and
the ancestry of contemporary crops, illustrated
by the case of maize. Doebley (1990) located
maize’s origins in the Rio Balsas drainage in
southern Mexico. Robust genetic evidence (Vig-
ouroux et al., 2008) documented its subsequent
spread and diversification. This genetic work was
buttressed by extensive research in archaeology,
biogeography and linguistics (Staller et al., 2006).

Botanists and crop scientists struggled with
classification of large collections of crop varieties.
The initial effort to classify crop species relied on
variation in morphology and agronomic charac-
teristics — the same traits that are visible to farmers
and under selection. Crop scientists first organized
diversity by constructing lists of key descriptors of
crop species, subspecies and varieties. The size of
collections, variation among landraces grown
under different conditions and uncertainty about
the significance of different traits were daunting
obstacles. The discovery of methods to measure
neutral traits (e.g. isozymes and SSRs) contributed
significantly to overcoming them.

Potato diversity

Potatoes, native to the central Andes, illustrate
crops’ potential for morphological differentiation
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and how the tools used to assess diversity have
changed and affected classification. Like crop
classification in general, potato taxonomy is
constantly under revision. Among the first and
most widely used approaches to classifying the
tuber was that of Hawkes (1947), who relied on
morphological variation in potato botany. This
approach framed the development of morpho-
logical descriptors used to classify the world
collection (Huaman et al., 1977). In his initial
collecting trip to the Andes in 1939, Hawkes
(1951) collected 1210 samples, primarily of cul-
tivated types — 30% from Bolivia and 40% from
Peru. One of his first publications about these
collections dealt with Indian potato names: 223
Aymara and Quechua terms that are used mo-
nomially or binomially to label potato varieties
(Hawkes, 1947). He noted that ‘Indian peasants
grow 50-100 separate and distinct kinds in one
field alone’ (Hawkes, 1947, p. 2).

Hawkes (1990) eventually recognized 12
potato species with four polyploid groups: dip-
loids (2n = 24, five species), triploids (two spe-
cies), tetraploids (four species) and pentaploids
(one species). Species were determined using 75
morphological traits: stem and habit character-
istics (5), leaf characteristics (33), floral and
fruit characteristics (25) and tuber characteris-
tics (12). For tuber characteristics alone, there
are 12 different traits, each with multiple possible
expressions. The most recent revision of culti-
vated potato classification, based on molecular
data (Spooner et al., 2014), radically simplifies
its taxonomy, reducing the number of species to
four and combining polyploid groups that earlier
defined species.

Maize diversity

Our understanding of maize diversity in Mesoa-
merica follows a similar path to that of potatoes.
Like the Andean tuber, the Mesoamerican grain
was first systematically collected and classified
in the mid-20th century. Vavilov played a role in
making initial collections, but American and
Mexican researchers were responsible for the
first species-wide classification. As with pota-
toes, the initial classification rested on morpho-
logical characters. The descriptors for maize
were developed by an international team in the
1940s (Wellhausen et al., 1952) that measured
47 traits: geographical distribution (1), vegetative

characteristics (7), tassel characteristics (8), exter-
nal ear characteristics (11), internal ear charac-
teristics (12) and physiological, genetic and
cytological characteristics (8). The product of
the research by Wellhausen et al. was to classify
2000 Mexican varieties into 25 races, based on
similarities and contrasts among the characters.

By 2000, the list of significant maize de-
scriptors focused on fewer data points and added
isozymes to the data used for classification. The
definitive study of diversity across Mexican
maize landraces (Sanchez-Gonzales et al., 2000)
studied 3 5 morphological traits and 21 isozymes
in a sample of 209 accessions. Their analysis
dramatically increased the number of races to
59. While morphological traits remain import-
ant in understanding maize diversity, research
has increasingly shifted to molecular data. This
data has allowed researchers to connect domes-
ticated maize to a regionally specific wild ances-
tor (Z. mays L. subsp. parviglumis) and to estimate the
diffusion and diversification of maize through-
out the Western Hemisphere (Vigouroux et al.,
2008). This work, based on allelic variation at
SSR loci, demonstrates the direct link between
diffusion away from the Rio Balsas drainage and
diversification observed in morphologically dis-
tinct races and regional clusters of races.

The use of morphological characters requires
that plants be grown in controlled environments,
ideally for at least 2 years, to detect the interaction
of genetic background and environment in de-
termining characters. Although molecular ana-
lysis requires elaborate laboratory apparatus, it is
more efficient compared with the controlled com-
parison of plant materials. Yet, while crop science
has shifted to greater emphasis on measuring mo-
lecular variation, the association between genetic
and morphological profiles of crop populations is
still prized. This association is essential because of
the significance of farmer selection in crop evolu-
tion and the fact that conscious selection is ultim-
ately based on morphology. This association is
especially evident in the work on maize, where the
original unit of classification (race) — based on
morphology — is still useful to classification based
on molecular markers.

Nevertheless, the link between morpho-
logical and molecular approaches is limited by
two factors. Firstly, morphology is continually
variable and is most visible over relatively large
geographical distances. For instance, at the local
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level, mixtures of maize races are the norm.
While these can be sorted into 59 races (Sanchez-
Gonzales et al., 2000), molecular methods devel-
oped so far permit the distinction of only four
regional clusters. Secondly, the evidence of popu-
lation structure based on morphology may not
always be matched by genetic structure (Pressoir
and Berthaud, 2004a, b; Perales et al., 2005)
(see below).

Anthropology’s Engagement
with Crop Diversity

Botanists generally eschew the abundance of
diversity below the species level, preferring to
focus on nature’s more permanent building blocks.
This aversion is also common among ethno-
botanists, whose work on classification tends to
neglect the variety level that is essential to crop
classification. Berlin et al. (1973, p. 216) observed:
‘Varietal taxa (i.e. further divisions of specific taxa)
are rare in most folk biological taxonomies.” In
contrast, indigenous knowledge systems in agri-
culture focus on varietal diversity, providing ex-
ceptions to this observation. Examples are easily
found, such as Aymarda potato farmers in the
Andes (La Barre, 1947), Makushi cassava culti-
vators in Guyana (Elias et al., 2000), or taro
growers in Vétuboso, northern Vanuatu (Caillon
etal., 2006).In each of these cases, folk varietals
are numerous, rising above 200 in the case of
Aymara potato varieties.

Although some early ethnographers study-
ing indigenous knowledge of cultivators (e.g. La
Barre, 1947) noted elaboration at the variety
level, anthropology’s engagement with crop
diversity began in the 1980s when human
ecologists began to look to diversity as a tool to
better understand the nature of traditional agri-
cultural systems (e.g. Brush et al., 1981). This
coincided with the growing prominence of bio-
logical diversity in scientific research and policy,
especially the awareness of the loss of biological
diversity accompanying tropical deforestation.

Farmer-mediated selection

Focusing on connections between ethnobotan-
ical knowledge and crop evolution opens new

perspectives and questions about this know-
ledge. Most importantly, it shifts the perspective
from anthropological linguistics and cognitive
anthropology to human ecology, from a focus on
the structure of folk taxonomies and variation
between lexical sets to behaviour and the dy-
namics of crop populations. The new perspec-
tive’s goal is to inquire how ethnobotanical
knowledge influences artificial selection and
thus crop evolution.

Contrasting crop science
and indigenous knowledge

As with comparisons between formal botanical
science and ethnobotanical knowledge of plants,
it is pertinent to understand the differences and
similarities between the complementary know-
ledge systems about crop diversity found in crop
science and ethnobiology. Indigenous know-
ledge about crop diversity is rarely as thoroughly
articulated as its plant science counterpart. Indi-
genous knowledge is bound by geography, lan-
guage and culture and its classificatory effort
does not strive to overcome the effect of genotype
by environment interaction. Nor is it based on
replication of measurement and statistical ana-
lysis. While issues of over- and under-classification
are significant for crop science, farmers do not
seem particularly concerned over synonyms.
Farmers are familiar with many of the same
morphological traits as breeders, but farmers’
classification usually rests on fewer traits. Ultim-
ately, the plant science of crop diversity depends
on statistical analysis of data from measuring
numerous traits studied under controlled com-
parison. Measurement and controlled compari-
son are not part of indigenous knowledge of
crop diversity.

Ethnobotanical knowledge is taxonomic
but less extensive than or comprehensive as plant
science taxonomies. Indigenous knowledge is
most evident in the practice of naming varieties
with names implying differences and unique
combinations of traits. These may not be for-
mally enumerated or even articulated. An espe-
cially knowledgeable farmer might explain the
differences between two varieties, but names are
usually used without specific reference to a trait
list. Beyond the variety level, some indigenous
crop taxonomies, e.g. Andean potato classifica-
tion, group varieties into populations that are
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adapted to different ecological zones. Such group-
ing is rarely relevant in crop science.

Another difference between crop science
and ethnobiology is indigenous farmers’ focus
on plant parts intended for primary use, e.g. tubers
and seed-bearing organs. These parts always
constitute a significant portion of descriptor lists,
undoubtedly owing to the fact that they have
been the objects of conscious selection through-
out crop evolution. Farmers may be cognizant of
pre-harvest characteristics but are primarily re-
liant on post-harvest selection. Contemporary
plant science uses many more morphological
traits than those from edible organs and relies on
traits that are only observable in pre-harvested
fields or in laboratories. Finally, indigenous
knowledge systems for crops may focus on per-
ceptual distinctiveness (Boster, 1985) — on as-
pects such as colour or leaf form that are readily
observable but not necessarily functional in
terms of linkage to higher yields, better storage
qualities, etc. Boster (1985) found this focus
among Aguaruna cassava cultivators, but it should
be noted that other researchers studying indi-
genous cassava cultivators elsewhere in South
America (e.g. Elias et al., 2000) find perception
of functional aspects connected to productivity.

Variety names, crop type and indigenous
knowledge

Studying varietal selection and folk knowledge
associated with varieties is the starting point for
understanding farmer-mediated selection. Variety
naming is the most evident and abundant source
of information about indigenous knowledge of
crop diversity. Names imply recognition of sub-
species differences that are important to farmers,
such as yield, resistance to pests and pathogens,
drought and frost tolerance, storage properties,
nutritional value and culinary qualities.
Farmer-mediated selection is logically
understood as a rational choice among varieties,
but seeing selection as a purely rational choice
exercise is complicated by several factors. Firstly,
as Boster (1985) warned, it cannot be assumed
that perception of varietal distinctiveness rests
on perception of functional traits (e.g. yield).
Conceivably, selection for perceptual distinctive-
ness might run counter to natural selection
based on functional traits. Secondly, population-
based selection, rather than variety-based selection,

may indicate selection for sets of varieties that
are adapted to specific environments within a
farming system, i.e. ecotype selection. Finally,
farmers may not be explicit about a variety’s at-
tributes beyond those suggested by the name
(e.g. colour) but this does not mean that implicit
understanding of other attributes is lacking. Im-
plicit knowledge might only be evident in how
different varieties are managed, such as where
they should be planted.

Differences among crop species are relevant
to understanding the nature of indigenous know-
ledge of crop diversity. Of particular importance
is the method of propagation, whether by sexu-
ally derived seed or asexually (vegetatively) derived
tubers, bulbs, rhizomes or corms. Reproductive
differences are clearly reflected in indigenous
classification, as illustrated in the cases of pota-
toes and maize. Vegetative propagation of potatoes
permits individual handling of ‘seed’, allowing
farmers to observe and select among different
types or varieties. The result is an elaboration of
morphotypes that can be easily managed as indi-
vidual varieties. In contrast, sexual reproduction
and planting by seed lead to bulk management
of populations that share morphological simi-
larity (e.g. grain colour) but which may be gen-
etically heterogeneous. The amount of mixture
and genetic diversity in seed-based populations
depends on: (i) whether the crop is self-pollinated,
such as wheat, or out-crossing, such as maize;
and (ii) the amount of rigour that farmers bring
to selection, for instance whether the seed is se-
lected before harvest or afterwards.

The potato knowledge of Andean farmers
reflects the complex agroecological space they
manage and adaptation of potato species to dif-
ferent environments (Zimmerer, 1996). Four
folk species are recognized (Table 12.1) and dif-
ferentiated according to tuber characteristics,
altitude range (ecology), use and diversity. This
folk system overlaps with plant science that rec-
ognizes distinct species occupying different en-
vironments in Andean agriculture. The greatest
diversity exists within potatoes cultivated in the
mid-altitudes. Individual households commonly
maintain 35 or more morphotypes (Brush et al.,
1981), and hundreds of varieties can be found
in small regions. CIP (2006) reports 500—600
varieties in Huancavelica Department of Peru
and 150 in the small Chugay District of La
Libertad (CIP, 2015). Names emphasize tuber
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Table 12.1. Folk species of Andean potatoes (from Brush, 1992).

Folk Species  Ecology Uses Phenotype Polytype

Mikhuna papa Broad adaptability; mid- Boiling; soups; frying Non-bitter tubers; Very high
altitudes: 2500-3700 m highly variable

Haya papa Frost resistant; high altitude: Processing by freeze-drying Bitter tubers Low
3700-4100 m into chufio

Araq papa Weedy species; low—medium (Rarely used); boiling; Non-bitter tubers Low
altitude: 2500-3200 m soups

Atoq papa Wild species; all altitudes Not used Small tubers None

characteristics (colour, form, texture) but An-
dean farmers also rely on ecology and plant
characteristics in classifying potatoes. Huancavel-
ican farmers in Peru reference 22 morphological
characteristics in addition to tuber characteris-
tics (CIP, 2006). Individually named potato mor-
photypes appear to be genetically similar within
villages but this similarity erodes with distance
from the village level (Quiros et al., 1990).

The contrast between indigenous know-
ledge of Mesoamerican maize and Andean pota-
toes is useful. Individual maize farmers in
Mesoamerica manage many fewer named var-
ieties that Andean potato farmers: one to three
maize varieties versus 35+ potato varieties per
household (Brush et al., 1981; Perales et al.,
2005). Maize varieties are best understood as
populations of out-crossing individuals. These
populations are distinguished by grain charac-
teristics (colour, size, type), ear characteristics
(ear size and shape) and plant characteristics
(short versus long growing cycle; tassel length).
Grain colour dominates the naming system of
maize and different types (e.g. short or long
season) are sometimes named only by colour,
though they are separated for planting in differ-
ent cycles.

As mentioned above, studies of maize popu-
lations using morphological versus genetic meas-
ures show that morphological segregation does
not automatically indicate genetically distinct
populations (Pressoir and Berthaud, 2004a, b;
Perales et al., 2005). Lack of genetic separation
may also characterize potato varieties grown
over large regions, but asexual propagation ap-
pears to promote greater local genetic conver-
gence among potatoes varieties (Quiros et al.,
1990). Appropriately for a sexually reproduced
and out-crossing species, maize populations are

genetically very dynamic over small geograph-
ical ranges.

While different propagation for potatoes and
maize results in variety-based versus population-
based selection, Andean and Mesoamerican farm-
ers are similar in distinguishing their respective
crops according to management strategies. En-
vironmental heterogeneity (e.g. altitudes, soils)
and socio-economic heterogeneity (subsistence
versus commercial production) are clearly re-
flected in indigenous knowledge, selection and
crop population distribution.

The sum of selection-related knowledge can
be characterized as ‘ideotype’ (Donald, 1968), a
concept used by crop breeders to organize the art
and craft of creating new varieties. For indigen-
ous farmers, ideotype is based on morphology
and performance in specific areas in their produc-
tion systems. Ideotypes might not be accompan-
ied by explicit descriptions but they are culturally
salient (Benz et al., 2007). Cultural salience,
moreover, commonly has a clear gender compo-
nent evidenced in the relatively greater extent of,
and sometimes quite different, knowledge among
women than men (Chambers and Momsen, 2007).
Gender differences may derive from women’s
exposure to diversity during food storage and
preparation, though crop diversity should be
understood as a product of households.

Indigenous crop ideotypes are likely to play
roles in seed exchange beyond specific localities.
The conventional view of crop diversity (e.g.
Harlan, 1992) rests on the assumption that var-
ieties are local and maintained because of superior
adaptation to local environments. Ethnographic
research has challenged this view by finding
widely dispersed seed flow for potatoes in the
Andes (Brush et al., 1981) and maize landraces
in Mexico (Louette et al., 1997). Louette et al.’s
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contribution was to show that seed flow was so
ubiquitous and significant as to make maize
landraces genetically ‘open’ systems. Similar find-
ings have now been widely reported for many
crops in centres of traditional agriculture (Zeven,
1999). A major outcome of this finding was to
reorient the concept of landraces from being
local populations to metapopulations that are
spatially dispersed and interconnected (Alvarez
et al., 2005). Since variety names may not be
widely used spatially (Quiros et al., 1990), farm-
ers are likely to seek varieties that conform to
types that they know and trust, i.e. ideotypes.

Unconscious Selection

Although Darwin directed attention to uncon-
scious selection, he never clearly defined it and
this counterpart to conscious selection has been
little researched. The movement of crops into
new habitats accompanying migration follow-
ing domestication is the conventional example
of unconscious selection, but such movement is
not solely prehistoric, as shown in the ‘Columbi-
an exchange’ between Eurasia and the New
World. Zohary (2004) provided examples of
agricultural practices that make unconscious
selection an active force in contemporary crop
evolution: maintenance by seed or vegetative
propagation, the plant part for which the crop is
grown, crop production practices (tilling, sow-
ing, and reaping). Nevertheless, distinguishing
between conscious and unconscious selection in
response to these factors is a delicate, perhaps
impossible, task.

A role for unconscious selection is bolstered
by the observation by Boster (1985) of selection
for perceptual distinctiveness, since it may not be
based on rational choice for crop adaptation and
utility. A role for unconscious selection is par-
ticularly evident in indigenous maize cultivation
in Mesoamerica, where the limits of rational
choice relating to diversity are apparent. In par-
ticular, ubiquitous seed flows and relatively uni-
form uses of maize imply a force other than
rational choice in maintaining diversity. Seed
flow suggests that maize races can be widely
adaptable to different environments. Sanchez-
Gonzales and Goodman (1992) divided Mexican
maize races into six biogeographical groups and

areas of adaptation. Each of these six biogeograph-
ical areas contains seven to ten morphologically
distinct races. While maize seed exchange might
be confined to races within a specific biogeo-
graphical area, post-harvest selection and cross-
pollination mitigate against conscious selection
or rational choice in maintaining this number of
races in a particular biogeographical area. With
few exceptions, the use of different races is simi-
lar, based on processing to remove the pericarp
and grinding into meal to make tortillas and ta-
males. A rational choice model should predict
concentrating on races with higher yields result-
ing in the eventual loss of races except the
highest-performing ones. Yet numerous races
continue to coexist in single maize environments.

Maize researchers began to address this
puzzle by looking at the role of social origin in
structuring maize populations and by inquiring
whether population structure within specific re-
gions was connected to specific communities or
social groups. Initial work in the Central Valleys
of Oaxaca demonstrated that maize populations
were morphologically but not genetically differ-
entiated by community (Pressoir and Berthaud,
2004a, b). Perales et al. (2005) then showed that
maize populations in adjacent municipalities
dominated by Tzeltal and Tzotzil ethnolinguistic
(Mayan) groups in highland Chiapas belonged
to two maize races (i.e. were morphologically
distinct) but were not genetically differentiated.
Tzeltal farmers’ Comiteco maize is superior to
Tzotzil farmers’ Oloton maize, yet Comiteco has
not replaced Oloton in Tzotzil villages. The pro-
jected reason for a disconnect between social ori-
gin and genetic structure is that sufficient seed
flow and cross-pollination among maize popula-
tions prevents structure. Farmer selection suc-
cessfully segregates populations according to
morphology, thus masking genetic mixing.

Two other Mesoamerican case studies did,
however, find genetic structure of maize popula-
tions related to social origin. Van Etten et al. (2008)
found that maize populations in the highlands
of western Guatemala were both morphologic-
ally and genetically differentiated by distance
between relatively close communities, though
regional differentiation was muted by seed flow
and the diffusion of improved maize varieties.
The effect of social origin on crop diversity was
confirmed by Orozco-Ramirez et al. (2016). They
found that social origin (Mixtec and Chatino
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ethnolinguistic affiliation) in their Oaxaca study
region shapes both morphological and genetic
diversity of maize more than environmental
(altitudinal) variation. This suggests that social
factors constraining seed flow between Mixtec
and Chatino farmers in the adjacent municipal-
ities affect maize’s genetic diversity.

Ethnobiologists working on sorghum in
Africa have replicated these findings. Analysing
data from across Niger, Deu et al. (2008, p. 910)
found that ‘the association of individual ethnic
groups with specific geographical regions causes
strong geographical X ethno-cultural interactions
in the structure of crop genetic diversity’. To dis-
entangle the contribution of ethnolinguistic di-
versity from that of environmental differentiation,
Labeyrie et al. (2014) studied sorghum popula-
tions grown by three ethnolinguistic groups
(Chuka, Mbeere and Tharaka) in eastern Kenya.
They concluded that in this uniform agroecolog-
ical environment, ethnolinguistic diversity has a
discernible impact on the distribution of sorghum
varieties and their genetic spatial patterns.

Leclerc and Coppens d'Eeckenbrugge (2012)
synthesized the research on sorghum and maize
and noted that morphological and genetic differ-
entiation of crop populations was strongly re-
lated to gene flow and thus influenced by seed
exchange. If seed exchange is influenced by so-
cial factors, such as ethnolinguistic identity,
then these factors act in an indirect, or uncon-
scious, way to affect crop populations. Leclerc
and Coppens d'Eeckenbrugge (2012) expanded
the classical genotype by environment inter-
action formula (G X E), which heretofore has
defined crop evolution, to G X E X S by adding
social component (S). The social component of
crop evolution functions in both conscious and
unconscious selection and can be seen as the
product of factors such as perception, classifica-
tion and seed management that are the purview
of ethnobiology.

Conclusion

Modelling indigenous knowledge, crop
diversity and crop evolution

The preceding discussion of potatoes and maize
illustrates the need for multiple analytical

perspectives and types of information to link
indigenous knowledge, crop diversity and crop
evolution. Diversity is measured in different
ways, and farmers’ distinctions based of crop
morphology may not be reflected in an under-
lying genetic structure of crop populations.
Knowledge is apparent in folk taxonomies but
covert knowledge is also at play. Both intentional
and unintentional selection operate to order
variation.

While general ethnobiological knowledge
has been modelled (e.g. Berlin et al., 1973), no
comparable model exists for crop diversity. One
challenge is to link indigenous knowledge to ob-
served patterns of diversity. Leclerc and Cop-
pens d’Eeckenbrugge (2012) provided a useful
model for understanding anthropological ana-
lysis of indigenous knowledge of crop diversity.
It showed four approaches for analysing behav-
iour located at the societal or individual levels
and directed at determining meaning and func-
tion (Fig. 12.1). Figure 12.2 builds on this model
but focuses on the connections between indigen-
ous knowledge, crop diversity and crop evolu-
tion that have been the subject of this chapter.
This model shifts the vertical axis of Leclerc and
Coppens d'Eeckenbrugge (2012) from the level
of analysis to variation versus selection, and the
horizontal axis from focus on meaning versus
function to knowledge versus social organiza-
tion. Specific areas of data and research in the
internal space of both figures largely overlap.
Juxtaposing the two figures shows the scope and
organization of anthropological approaches to
indigenous knowledge of crop diversity and
their usefulness to understanding the structure
and dynamics of crop populations, i.e. to crop
evolution.

Guidelines for understanding
farmer-mediated selection

1. Farmer knowledge of crops is taxonomic,
recognizing generic, variety and sub-variety
levels. This is especially true for asexually propa-
gated plants whose seed is individually handled
and when different ecotypes, feral plants and
wild relatives are present.

2. Seed handling affects selection. Small grains
are selected in bulk. Large fruits and vegetatively
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Focus on organizational
modalities and social identities

Society
N
Cultural anthropology Social anthropology
Symbol Function
What does it mean What does it do for
to the farmers? the crop?
Cognitive anthropology Ethnobotany
Individual

Focus on individual
motivations and actions

Fig. 12.1. Anthropological study of crop diversity (adopted from Leclerc and Coppens d’Eeckenbrugge, 2012).

Crop variation

Morphology Gene loci
N
Varieties Populations
Knowledge , « Social
systems 7 organization
Conscious 3 Unconscious

Farmer-mediated selection

Fig. 12.2. Human components of crop evolution: indigenous knowledge and crop diversity.
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propagated crops are selected as individuals, pro-
viding for greater morphological diversity.

3. Selection for perceptual distinctiveness is fre-
quent, often emphasizing colour. Perceptual dis-
tinctiveness may be both for non-functional traits
(e.g. not linked to yield) and functional traits (e.g.
bitterness in potatoes linked to frost resistance).

4. Selection for ecotype is frequent — by seed
characteristics (e.g. bitter potatoes) or population
sampling where better-adapted plants do not ne-
cessarily exhibit different seed characteristics
(e.g. long-season or short-season maize).

5. Knowledge and selection emphasize the pri-
mary part of the crop for use (e.g. seed head or
tuber).

6. Farmer selection maintains distinct morpho-
types but may not maintain genetically distinct
populations.

7. Farmer knowledge and selection is usually asso-
ciated with only a few plant traits but implicit know-
ledge is embedded in variety nomenclature.

8. Ethnobotanical knowledge of crop diversity
rests on ‘ideotypes’ —idealized types that are cul-
turally salient.

9. Women and men often have different under-
standings of crop diversity and women are usu-
ally more knowledgeable.

10. Unconscious selection linked to social ori-
gin and seed flow can be significant in structur-
ing diversity.
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13 Investigating Farmers’ Knowledge
and Practice Regarding Crop Seeds:
Beware Your Assumptions!

Daniela Soleri* and David A. Cleveland

Supporting small-scale traditionally based agri-
culture is increasingly seen as a viable and desir-
able alternative to the large-scale industrialized
food production system (IAASTD, 2009; De
Schutter, 2010). We and others believe that
local farmers’ knowledge (FK) and practice is an
essential element for successful, mutually re-
spectful partnerships between farmers and for-
mally trained scientists to support and improve
traditionally based agriculture in ways that are
socially equitable and environmentally sustainable.
Much of our research conducted with colleagues
has focused on understanding FK and manage-
ment of crop genetic diversity. We have empha-
sized observation and quantitative analysis of
farmers’ practices and their results to understand
their biological and genetic consequences, and
elicited farmers’ knowledge through posing ques-
tions based in the contexts of their experiences
(Soleri and Cleveland, 2009).

This work grew out of testing the general
hypothesis, based on our informal experiences,
that the cognitive abilities of resource-poor and
often illiterate farmers are no different than
those of other humans, including scientists, and
that farmers’ practices make sense in their local
contexts. In the process of conducting this
research we have also identified the untested

* Corresponding author; e-mail: soleri@geog.ucsb.edu

assumptions of researchers that contrast with
our general hypothesis. Testing those assump-
tions has helped us to formulate specific alterna-
tive hypotheses that speak directly to strategies
for agricultural research and change. In the pro-
cess, we have tested hypotheses about many as-
pects of FK and practice and have been most
surprised, and learned the most, when our own
assumptions have not been supported. In this
chapter we describe three examples of such sur-
prises and how they pushed us to a more pro-
found and useful understanding of our own
knowledge and assumptions, as well as FK.

Common Assumptions about
Farmer Knowledge

Much of the discussion of and research on FK is
based on its assumed degree of similarity with
formal Western scientific knowledge (SK) in
terms of its reflection of empirical reality and its
capacity to effectively address farmers’ needs.
Here (Box 13.1) we outline three common es-
sentializing views of farmers and associated as-
sumptions about FK and practice that require
testing and add our own fourth perspective.!
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Box 13.1. Views and assumptions

(a) The ignorant farmer

FK is different from and inferior to SK. The professionalization of science contributed to the divide
between farmers and the formally trained researchers who were often part of organizations that defined
science as a unilineal progression from informal inferior knowledge to superior ways of understanding
the world. ‘Development’ was premised on the assumption that FK is different from and inferior to formal
Western knowledge, even among scientists who empathized with farmers.

(b) The barefoot scientist farmer

FK is similar but inferior to SK. Documentation of some positive empirical outcomes of applying FK that
were consonant with the outcomes of applying Western SK, and with the goals and logic of Western
society, produced another view of FK. In this view FK is similar to SK, but hampered by lack of tools and
methods. From this perspective farmers were seen as diminutive versions of formally trained scientists.
(c) The wise farmer

FK is different from and superior to SK. The view that FK is superior to SK was based in part on
evidence that FK often seemed to have positive and sometimes superior efficacy in, and sometimes
beyond, local contexts, and based on social and environmental failures of formal science in agricultural
development. This frequently led to a value-based argument for the superiority of FK and belief in a
mythical wise farmer who was ecologically and ethically better than scientists. It became easy to conflate
challenging negative stereotypes through empirical research with an uncritical reification of FK.

(d) The complex farmer

Our overarching hypothesis is based on a haolistic, dynamic view of knowledge — depending on the context,
FK can be both different from and similar to SK, and both superior and inferior to SK in terms of its effi-
cacy in advancing social and environmental sustainability. For example, both farmers and scientists are
often able to describe accurately or predict empirically verifiable outcomes of crop genotype x environ-
ment interactions under conditions within their own experiences, but not able to do so under conditions

beyond their experiences (see below).

By taking the complex farmer approach, we
thought we could avoid the unfounded, essen-
tializing assumptions of other common perspec-
tives on FK. However, it was unavoidable that we
also made untested assumptions about FK, in-
cluding farmer goals and motivations. These
were sometimes based on what we thought they
should be, influenced by our own values and our
understanding of Western science. But because
we were also aware that our assumptions could
misrepresent farmers’ values and experiences in
the absence of actual research, we tested our as-
sumptions as hypotheses, sometimes with sur-
prising results. This chapter describes three
examples of such surprises. We also suggest how
others doing similar research can minimize
chances of undermining their understanding
with their own untested assumptions. But first
we describe our basic methodology.

Our Methodology

Our overarching methodological goal was to in-
vestigate farmers’ knowledge about agriculture

in farmers’ own terms, that is, using elements
and contexts they were familiar with, or could
easily imagine. A key component of this meth-
odology is what we refer to as an ontological
comparator, which allows us to avoid, as much
as possible, using SK as the standard for evalu-
ating FK when testing hypotheses (Soleri and
Cleveland, 2005, 2009). We define ontological
comparators as basic models of reality that
can be used as relatively neutral common ref-
erents to evaluate both the farmer’s and the
scientist’s understanding of empirical reality,
and expectations based on that understanding.
As Western scientists, we defined these com-
parators using the most basic knowledge as de-
scribed by Western science, about which there
is no disagreement, although scientists often
disagree about the interpretation and use of
this basic knowledge at higher levels. For ex-
ample, we would consider the statements that
‘water moves from higher to lower levels’ and
that ‘plants need water to produce a harvest’ to
be ontological comparators. Scientists and
others recognize these simple statements, yet
can disagree about their application due to
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their different experiences and assumptions
and the different contexts in which they are
applied; for example, the amount of water that
should be applied to a field to optimize yield.
The fact that scientists disagree about how the
basic knowledge of the ontological compara-
tors is applied supports their use for investigat-
ing FK and SK.

Another key component of our methodology
is scenarios, which are often based on onto-
logical comparators and which create hypothet-
ical situations within which farmers can apply
their knowledge (Soleri and Cleveland, 2005).
Scenarios depict genotypes, environments and
situations with which farmers are familiar, such
as the variable resource-limited environments of
their fields. But scenarios can also present novel
situations that farmers can imagine and ex-
trapolate to, based on their experience, such as
uniform growing environments without signifi-
cant resource limitations. We often use props to
make it easier for farmers to participate, such as
photographs of plants, seeds from their own
harvests, or stones of different sizes to represent
different amounts of annual rainfall. We have
found that farmers from many different coun-
tries, growing different crops in different envir-
onments, all participate enthusiastically in
responding to these scenarios.

For example, we documented farmers’ ex-
pectations for phenotypic variation across famil-
iar and novel growing environments, and their
distinction between high and low heritability
phenotypic traits (Soleri and Cleveland, 2001;
Soleri et al., 2002). While we found that both
farmers and plant breeders are aware of the
components of phenotypic variation (Box 13.2,
eq. 1), and use that knowledge to achieve their
goals, both FK and SK were also affected by the
limited experiences of farmers and scientists. We
found that most farmers may not see or have ac-
cess to genetic variation for low heritability
traits such as yield, even though such variation
exists, because it is hidden by the high level of
environmental variation in their fields (Fig. 13.1).
This means they may not carry out seed selec-
tion for traits like yield, even though it is import-
ant to them.

On the other hand, plant breeders may not
be aware of qualitative genotype-by-environment
interactions among different crop populations
because they have not experienced the range of
variation in growing environments that farmers
work with (Ceccarelli, 1996). This means that
their assumption about phenotypic traits like
yield can be biased by their relative lack of ex-
perience, for example in predicting the perform-
ance of varieties across environments (Cleveland

Box 13.2. Equations describing basic biological models used

* the source of phenotypic variation:

VP=VG+VE+VGXE

and genotype-by-environment interaction (V;,);

* the heritability of that phenotypic variation:
2
H==V /v,

genotypic variation; and

R=h’S

In our research we have primarily used ontological comparators about the relationship between plant
phenotypes, plant genotypes and plant environments, and about the determinants and results of plant se-
lection, using as ontological comparators the basic biological models described in the following equations:

which states that phenotypic variation (V) is the result of variation in genotype (V,), environment (V)

which states that broad-sense heritability (H?) is the proportion of phenotypic variation accounted for by

¢ the determinants of the response to selection:

which states that the phenotypically expressed genetic gain due to selection (R) is the product of
narrow-sense heritability (h?), and the selection differential (S), where S is the phenotypic difference
between the selected individuals and the population from which they are selected.

(eq. 1)

(eq.2)

(eq.3)




Investigating Farmers’ Knowledge and Practice Regarding Crop Seeds

161

\

\

{ Limits of farmers’
experience

Frequency of
environments

\f

Limits of plant \
breeders’ experience_—- -

ploIA [e1aleA uesy

Marginal, low yielding

Optimal, high yielding

Mean yield of growing environments

Fig. 13.1. Different experiences affect knowledge and practice. (From Soleri et al., 2002, used with
permission, partially based on Ceccarelli (1989, 1996)).

and Soleri, 2002). This example of farmers and
scientists agreeing on some aspects of empirical
reality, but not on others, supports our use of
ontological comparators. Different contexts, and
different experiences, values and goals, can re-
sult in differences in interpretations and expect-
ations between farmers and scientists, but also
among farmers, and among scientists.

In addition to questions based on an onto-
logical comparator, we also elicited farmers’ own
opinions of a technology, based on their per-
sonal experiences and values. This was one part
of the first research example described below.

Example 1: Farmers’ Perceptions
of Risk and Transgenic Maize

Discussions about transgenic crop varieties be-
came particularly heated in 2001 when Quist
and Chapela (2001) reported transgenes present
in a small sample of traditional maize plants in
Oaxaca, Mexico. The polarized debate included
declarations about what this meant for small-
scale traditional farmers, and advocates with
conflicting views claiming to represent farmers’
best interests. For example, the flow of trans-
genes to farmers’ traditional maize varieties was
described as ‘crime against all the indigenous
peoples and farmers who have for millennia pro-
tected [maize], for humanity to be able to enjoy’
(Melina Hernandez Sosa, of UNOSJO, an Oaxa-
can non-governmental organization (NGO), cit-
ed in Vélez Ascencio, 2003), or alternatively as a

welcome addition which augments Mexican
farmers’ varieties and agriculture and which
they are lucky to get for free (AgBio View, 2002).
However, there was no systematic attempt to
document and understand what farmers them-
selves thought about transgenesis or transgenic
varieties (TGVs) and the risk those might pose;
that is, there was no attempt to engage farmers
beyond discussing their preferences for a final
product in the form of a maize variety.

Eliciting preferences among a limited num-
ber of predefined finished technologies has been
a common way to use FK in agricultural devel-
opment. For example, researchers in Kenya
asked maize farmers if they had trouble with
stem borers (a major pest in the area) and inter-
preted their affirmative answer as implying that
they wanted transgenic stem borer-resistant
maize (KARI and CIMMYT, 2007). To address
the lack of direct comments by farmers, we con-
ducted research on perceptions related to trans-
genic maize with 334 farmers reliant on maize
for food and livelihood in six communities, two
each in Mexico, Guatemala and Cuba (Soleri
etal., 2005, 2008).

What did we hypothesize?

Our goal was to ask farmers’ opinions regarding
fundamental aspects of transgenic maize in
order to facilitate their evaluation of the com-
plex issues involved. We wanted to document
their responses so that they could be included in
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discussions about policy and practice. We hy-
pothesized that farmers would reject the new
technology, based on our assumption that they
were committed to their traditional farming and
maize varieties and were distrustful of unfamil-
iar technologies introduced from the outside,
and their associated risks.

How did we test our hypotheses?

To elicit FK about transgenic varieties in a man-
ner that did not over-simplify the varieties or
eliminate farmers’ perceptions of risk or opin-
ions on key aspects of them, we deconstructed
transgenic maize (Fig. 13.2) into the transgenic
technology itself, the variety it was present in,
and its possible consequences. We first asked
farmers about the technology of transgenesis
per se, by describing a process in which a prop-
erty from another kind of plant or animal could
be inserted into maize seed in a laboratory by sci-
entists (Fig. 13.2a). We stated that when planted
the seed would grow normally, but the plant
would have that inserted property, using the
example of resistance to damage by caterpillars.>

(a) What do you think of
transgenesis per se?

A property from \ a
other type of

plant or animal
is put in seeds,

in the Iaboratory° o

(b) What do you think of the technology,
and different genetic backgrounds?

Four types of maize are available:

S B &

Your Modern  FV + properties MV + properties
farmer variety  from other from other
variety (MV) organisms via organisms via
(FV) transgenesis transgenesis
(TGFV) (TGMV)

After this description we asked farmers if they
thought the process was good, bad, or depended
on the outcome. We then asked farmers about
varieties that were different combinations of
technology (transgenic or not) and with differ-
ent genetic backgrounds (farmer and modern
varieties) (Fig. 13.2b). This is because transgen-
esis could in theory be used in farmers’ varieties,
not only in the proprietary hybrids where it has
been applied, and evaluations of transgenesis
and genetic backgrounds are often confounded.
We did this by asking farmers to rank their pref-
erences among four maize varieties: their own
local farmers’ variety (FV); a familiar modern
variety (MV) in the form of a hybrid sold in local
seed stores; their FV with ‘properties’ (e.g. trans-
genic, TGFV); and the MV with ‘properties’ (e.g.
transgenic, TGMV). Finally, we asked farmers
about some of the potential consequences of
using a transgenic maize variety in their fields
(Fig. 13.2¢), including the need to acquire seed
of a new variety from the formal seed system
after 6-7 years when yields of currently used
varieties declined (as might occur due to the evo-
lution of resistance in the caterpillar that had
been controlled by that variety), and the cost of
that seed (Table 13.1).

(c) What do you think of some potential
consequences of the technology?

Yields
Varieties Year1 Year4 Year9
Ve < > P >
O O < >
- 999
available < O < >
> OO
O O oL >
New, only < > < >
available from » » | Seed of new
formal seed < < variety X
\ N 2
system (~TGV) <« available after
» year 6 from
< formal system,
< b cost ~ 200% > Z

Which variety would you choose?

Fig. 13.2. Deconstructing transgenic maize for farmer assessment.



Table 13.1. Farmers’ opinions and risk perceptions regarding transgenic maize: questions and responses (data from Solani et al., 2005).

Country Community
Question Our assumption Actual finding (summary) Name (n) % Name (n) %
Is transgenesis per se Farmers would be unified in ~ Our assumption, tested as a Responses that transgenesis is unacceptable
good, bad, or depends rejecting the technology hypothesis, was not supported N - - N
only on the outcome? per se, saying it is bad / by a majority of farmers; Cuba (114) 42% La Palma}, Pinar dgl Rio (56) 280/"
unacceptable because itis  responses varied substantially . Mayorquin, Holguin (58) 95 OA’
unknown, may be by country and by community Guatemala (110) 17% El Rejon, Sacatepequez (55) 33%

La Maquina, Suchitepequez (55) 2%
Mexico (110) 43% Santa Inéz Yatzeche, Oaxaca (55) 51%

considered a violation of
culturally significant maize,

and from an outside Comitancillo, Oaxaca (55) 35%
system that some mistrust Total (334) 34%
Which genetic Farmers would be pro-FV,®  Our assumption, tested as a Anti-transgenic responses
background is they would prefer local hypothesis, was not supported. - ;
preferable for maize for ~ FV-based varieties above The most common ranking Cuba (114) 64% La Palma, Pinar del Rio (56) 50%
your family to eat? all others because of pattern was anti-transgenic, 'V'aVO_f‘}“'”’ Hollguin (58) 78%
preferred culinary and ranking any non-transgenic Guatemala (110) 76% El Re!on,. Sacatepgquez (55) 80%
gastronomic qualities; their variety as better than any ) La Maqw’na, Suchitepequez (55) ~ 73%
top two most favoured transgenic ones; their top two Mexico (110) 74% Santg Ine; Yatzeche, Oaxaca (55) 71%
varieties would be FV and most favoured varieties were FV Comitancillo, Oaxaca (55) 76%
TGFV® and MV© Total (334) 71%
Which variety would Farmers would reject variety ~ Our assumption, tested as a Farmers choosing stable variety, not one with potential local
you choose? (See representing TGV® hypothesis, was supported for consequences of TGV®
Fig. 13.2) because of consequences the large majority of farmers - -
Cuba (114) NA La Palma, Pinar del Rio (56) NA
Mayorquin, Holguin (58) NA
Guatemala (110) 83% EIl Rejon, Sacatepequez (55) 93%

La Maquina, Suchitepequez (55) 73%
Mexico (110) 90% Santa Inéz Yatzeche, Oaxaca (55) 86%

Comitancillo, Oaxaca (55) 94%
Total (232) 86%

@FV, farmers’ variety; ®TGFV, transgenic farmers’ variety; ©MV, modern variety; @TGV, transgenic variety
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These questions were designed to elicit farm-
ers’ opinions based on their values and experi-
ences, based in part on the ontological comparator
that variation in a plant’s phenotype is deter-
mined in part by what it consists of, i.e. by V, as
well as V,, (Box 13.2, eq. 2). In other words, farm-
ers would understand that changing the makeup
of plants, by inserting a property of another plant
or animal, would change the plants’ phenotypes.

What did we find?

We were surprised by the results, with more
than 60% of farmers responding that if the tech-
nology has potential to increase their maize
yields, they were open to considering it. Still,
when asked to rank the four varieties for sowing,
most farmers gave ranking patterns that placed
any variety without transgenes (FV, MV) higher
than transgenic varieties (TGFV, TGMV); that is,
the technology itself may not be inherently
negative, but that did not mean they would auto-
matically accept it. However, farmers in one
Guatemalan community, with high levels of
agricultural commercialization and industrial-
ization and already using MVs, ranked all var-
ieties very closely, but with transgenic varieties
favoured over non-transgenic ones. For eating,
everyone preferred FVs, but overall ranking pat-
terns showed 53% and 70% of farmers strongly
disfavoured transgenic maize for both sowing
and eating, respectively (Soleri et al., 2008).
Finally, a large majority of farmers did not ac-
cept the likely consequences of the technology,
including dependence on the formal seed system
for seed acquisition, higher seed costs and the
need to replace varieties periodically due to de-
clining yields. For the farmers we interviewed,
increased dependence on formal seed systems,
and the associated costs and risk, were substan-
tial disincentives.

How did this change our understanding?

Based on our analysis of farmers’ responses, and
informal comments they made while discussing
the questions, it became clear that our assump-
tion regarding farmers’ opinion of transgenesis
per se was simplistic and ignored their lived

reality. Instead of a simple rejection of technology
and resistance to change, many of these farmers
are looking for ways to improve farming and
their lives in general. Their answers showed that
they were open to change that could help them
to do this, including consideration of novel tech-
nologies. However, farmers did not accept novel
technology without question; they were not
naive and did not automatically trust new tech-
nology and its effects on their health and farm-
ing. Their responses indicated caution regarding
both growing and eating the produce of a novel,
unknown technology like the one we described.
And that technology is unacceptable if it means
increased reliance on systems beyond their con-
trol, like markets or the government for seed ac-
quisition, or forms of exploitation which they
have experienced in the past and which continue
today. Our questions focused on some of the
most basic issues surrounding maize TGVs; of
course there are other aspects of TGVs to be in-
vestigated that we did not address in our re-
search. But even with these limited questions we
learned that to portray farmers as simply reject-
ing transgenic maize oversimplifies them as anti-
technologists whose rigid culture excludes them
from assessment of new technologies for poten-
tial adaptation to their circumstances and needs.
It is equally true that a majority of these farmers
would not willingly accept this technology based
on the concerns expressed in response to ques-
tions (b) and (c) in Fig. 13.2. Farmers may not
want TGVs, but many are interested in technolo-
gies and methods that can support and improve
their farming and community in ways consist-
ent with their values, their resources, and their
social and biophysical environments.

Example 2: What Maize Farmers
Expect and Accomplish with Seed
Selection

On-farm seed selection and conservation is a
characteristic of traditionally based farming sys-
tems, is critical for in situ conservation of crop
genetic diversity and is increasingly considered
part of a strategy for adaptive, resilient agricul-
ture under changing conditions (e.g. Murphy
et al., 2005; Vernooy et al., 2015). Research on
seed networks in traditional farming systems
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has shown that they are often a combination of
self-provisioned seed as well as frequent local ex-
changes, and less frequent experimentation
with novel material, including MVs (e.g. Louette
et al., 1997; Soleri et al., 2005). These practices
are usually characterized by less stringent gen-
etic criteria in selection and choice compared
with those of scientists, allowing gene flow that
generates and maintains crop genetic diversity,
as has been documented in a number of studies,
for example wild-crop gene flow in sorghum
(Mutegi et al., 2012) and clonal-sexual propa-
gule gene flow in cassava (Elias et al., 2001;
Duputie et al., 2009; McKey et al., 2010).

On the other hand, precision by some farm-
ers in selecting seed and choosing seed lots for
diverse criteria can be greater than that of scien-
tists, which can also function to maintain diver-
sity. Indeed, at least some farmers are capable of
extremely fine-grained classification and dis-
crimination when they believe that this will be
agronomically helpful (e.g. Worthington et al.,
2012) (see below).

What did we hypothesize?

We undertook this research to quantify and
document farmers’ seed selection and its out-
comes. Using the response to selection as our
ontological comparator (Box 13.2, eq. 3), our
hypothesis was that when selection differentials
are substantial — that is, when the difference be-
tween the mean of the selected plants is signifi-
cantly different than the mean of the entire
population they are a part of —then farmers, like
plant breeders, are using seed selection to genet-
ically change and improve their varieties. This
was based on our assumption that, like formally
trained scientific plant breeders, farmers believe
this cumulative change will create crop popula-
tions that better serve their needs; that is, they
are selecting for heritable change (Table 13.2).
This widespread assumption is part of the legacy
of the way in which selection has been concep-
tualized since Darwin (Cleveland and Soleri,
2007b). It was also based in part on our previ-
ous research with these farmers showing
that they understood the difference between
high and low heritability traits in their crops
(Box 13.2, eq. 2) (Soleri and Cleveland, 2001).

In retrospect, we fell into the trap of assuming
that farmers were in a sense barefoot scientists,
applying astute insights to overcome the meth-
odological limitations they were working with,
but having the same goals as plant breeders: a
heritable, cumulative response to selection.

How did we test our hypothesis?

We designed a number of experiments to under-
stand what a small sample of farmers (n = 13)
expected to accomplish, and did accomplish,
when they selected their own maize seeds on
farm. These experiments quantified components
of selection practice (Fig. 13.3), allowing us to
investigate the contribution of each component
to the response to selection. To do this, these ex-
periments were based on the ontological com-
parators H*=V_/V,and R =h> S (Box 13.2, eq. 2
and eq. 3). In addition, we asked farmers why
they selected seeds, instead of simply using a
random sample from the same population, and
in further research presented a much larger
sample of farmers (n = 380) with a scenario
(Fig. 13.4) based on the response to selection
formula, comparing the outcomes when using
selected versus randomly sampled seeds from
the same original population.

What did we find?

When farmers’ actual selection practices were
quantified, we found that despite selection differ-
entials (S) comparable to those achieved by plant
breeders and an understanding of heritability
(h?), response (R) to farmers’ key selection cri-
teria (seed and ear size) was zero (Soleri et al.,
2000). That is, they were not producing a cumu-
lative genetically based change in their maize
populations as a result of their seed selection. Yet
seed selection for those criteria was virtually
universal among farmers, despite being costly in
terms of their time and in a number of other
ways (Table 13.3).

When asked directly why they selected
seeds, instead of using a random sample, most
farmers replied that this was their custom. In
comparing the outcomes when using selected
versus randomly sampled seeds in the scenario
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Table 13.2. What maize farmers accomplish and expect to accomplish with seed selection (data from
Soleri et al., 2000, 2002 and authors’ surveys).?

Selection differential (S) (response to
selection (R) = 0)

Actual finding Ear Ear Ear 100-grain
Question Our assumption  (summary) Location (n) diameter weight length  weight
What response  Significant Significant Oaxaca, 0.95 114  0.88 0.85
to selection selection selection Mexico
do farmers differentials (S); differentials, (13)
accomplish cumulative but no
with their response (R) in significant
maize seed form of phenotypic
selection? directional change over
phenotypic generations
change in (R=0)
selection criteria
Proportion of farmers answering advantages of
seed selection only last 1 year
Location (n) % Community (n) %
What response Heritable, No change, Oaxaca, 82%  Four Central 81%
to selection cumulative, improvement  Mexico Valley
do farmers phenotypic that persists (380) communities
expect with change, past 1 year (199)
their maize improvement, Four Sierra 82%
seed in selection Juarez
selection? criteria communities

(181)

aT-tests for all S values significantly different from original 100 ear samples, p < 0.05.

(see Fig. 13.4), 82% of the 380 Oaxacan maize
farmers responded that seed selection provides
an advantage in the field for the first year after
selection, but no cumulative phenotypic change
over 10 years of selection (Table 13.2) (Soleri
et al., in preparation, p. 1). That is, their expect-
ation for what selection for these quantitative
traits would accomplish is very different from
plant breeders’ expectations, and different from
what we had also assumed.

Initially our findings were discouraging and
perplexing to us; they did not fit our expect-
ations, based on our assumptions, and did not
seem to make sense given the costs associated
with using selected seed. However, the results
were not so surprising, given the fact that seed
and ear size are quantitative traits strongly influ-
enced by the environment. Still, as is always the
case, there was variation among farmers’ re-
sponses. While most farmers stated they selected

large seeds for planting because it was their cus-
tom, three farmers among the original 13 com-
mented that the selected larger seeds would
grow better than unselected ones, though indi-
vidual plants from these seeds would not yield
more than randomly selected seeds. This com-
ment led us to consider other ways in which se-
lected seeds could provide an advantage over
randomly selected ones, focusing on seed size.
Compared with many other crops, seed size
in maize is relatively plastic (Sadras, 2007); that
is, it can change a lot depending on the maternal
plant’s growing environment. Studies of maize
have documented that larger seed size can pro-
vide significant advantages in the early stages of
plant growth, including more rapid develop-
ment (Pommel, 1990; Bockstaller and Girardin,
1994; Revilla et al., 1999). However, existing
studies used materials, seed sizing parameters
and environmental treatments relevant to
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industrial agriculture in temperate regions. We
did not know if benefits would still be present in
farmers’ varieties or if there would be differences
between farmer-selected and random samples of
the same maize population. To test this, DS col-
lected seed of a white and yellow maize variety
from one farming household in each of two
communities in the Central Valley of Oaxaca in
December 2009. For each variety the house-
holds provided us with seeds they selected for
planting and a random sample from the same
maize population, all identified at the same time.

In autumn 2010, DS conducted a small
greenhouse experiment’® to see if farmer-selected
seed had any advantage over seed that had not
been selected (Soleri et al., in preparation, p. 2). We
looked at characteristics that are advantageous
early in life, including vigour of early growth
measured by seedling size and number of leaves.

In the majority of comparisons, the selected seed
was superior to the unselected seed (Table 13.4),
indicating an ecological advantage, even with no
genetic response to selection. This finding was
consistent with the majority of farmer responses
to our selection scenario, indicating that farmer
seed selection provides a benefit in the first year,
but no heritable, cumulative advantage.

How did this change our understanding?

This research is ongoing, but even with the re-
sults to date, it is clear that preconceptions hin-
dered our understanding of the role of seed
selection. Despite ascribing to a ‘complex farmer’
view of FK, we unconsciously made oversimpli-
fied assumptions about seed selection influenced
by the perspectives of Western plant science,

Table 13.3. Some differences between seed selected for sowing and a random sample from the same

population.
Random sample Farmer-selected

of seed seed F value P
Seed weight (g)? 0.3324a 0.4810b 428.41 0.0001
Seeds/kg 3008 2079 ~ 50% > number

seeds/kg in random
sample

Market cost (MXP)/kg 75 10
(December 2009)

MXP = Mexican pesos

aN=140 seeds of each; Tukey’s means separation, means followed by different letters are significantly different, p < 0.05.

Table 13.4. Early growth of farmer-selected and randomly sampled seeds from the same populations of
four maize varieties. (In paired comparisons, variety means followed by different letters are significantly
different, P < 0.05.)

Variety
Variable Seed A B C D
Leaf count A Selected 2.876a 2.721a 2.607a 2.564a
Random 2.628b 2.565b 2.579a 2.526a
Plant height A (cm) Selected 13.702a 13.284a 12.321a 11.736a
Random 11.879b 11.724b 11.756a 10.524b
Leaf area A (cm?) Selected 5.694a 6.712a 5.476a 5.726a
Random 5.084a 5.591b 4.645b 4.478b
Leaf count B Selected 3.540a 3.435a 3.352a 3.252a
Random 3.343b 3.065b 3.230a 2.956b
Plant height B (cm) Selected 25.891a 25.094a 24.139a 21.686a
Random 22.485b 22.408b 22.251b 19.584b
Leaf area B (cm?) Selected 13.055a 12.172a 10.947a 9.233a
Random 9.007b 10.013b 9.559a 7.555b
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implying that farmers were barefoot plant breed-
ers. We assumed farmers’ seed selection was a
practice that identified individual plants with su-
perior phenotypes that were heritable, and
would therefore contribute to a cumulative pro-
cess of microevolution, and that this was their
intention. Instead, our research indicates that
farmers are well aware of the difficulty of achiev-
ing a cumulative response for those traits and do
not expect to do so. However, seen in terms of the
environments they are working with, the appar-
ent ecological advantages resulting from seed se-
lection make the persistence of that practice
easy to understand. While this will need to be
investigated further, especially in farmers’ grow-
ing environments, the data thus far confirm the
rationale for farmer seed selection. There may be
other advantages as well.

We are now exploring the possibility that,
in addition to providing an ecological advantage,
this selection may help to conserve the genetic
diversity in farmer-managed crop populations.
Even though their selection differentials were
significant and similar to those sought by plant
breeders, the variation in seed size in farmers’
seeds is in large part a response to the heterogen-
eity of the environments where the parent
plants grow, for example variations in soil qual-
ity or water availability that are common within
a field or local area. Plant biologists have ob-
served that in some cases this can ‘mask genetic
variation’ (Sultan, 1987), even protecting geno-
types that might otherwise be eliminated (Rice
et al., 1993). If this occurs, farmers’ selection
may serve to protect crop genetic diversity, in
addition to other functions.

Thus, what formally trained scientists might
see as ineffectual intentional selection by farm-
ers may in fact produce meaningful non-genetic
ecological benefits and contribute to maintain-
ing genetic diversity that is useful both locally
and globally. A few others have quantified farmer
practice with similarly surprising results that
have changed our understanding of how trad-
itional agricultural systems function. For ex-
ample, in cassava propagation in French Guiana
(Elias et al., 2001; Pujol et al., 2005), greater vig-
our and farmer preference for heterozygous
seedlings resulted in increased diversity main-
tenance in this staple crop that is predominantly
propagated vegetatively. In contrast to the case
with maize, where selection is largely based on

non-heritable phenotypic differences, in cassava
selection of plants based on phenotypic differ-
ences that are heritable led to similar outcomes:
the protection of diversity.

Example 3: Consistency and
Variation in Farmer-ldentified Bean
Varieties in One Community

Farmer-named varieties have long been important
units of diversity management on farm and widely
used basic indicators of diversity for crop genetic
resources conservationists. The use of named var-
ieties as diversity indicators has been supported by
studies where farmers presented with a number of
seed lots have generally agreed on how to classify
those lots into varieties (Sadiki et al., 2006). But
improving our understanding of what farmer
classification means at a community level is chal-
lenging, especially when there is variation in both
the seeds and the farmers doing the classifying.
For example, the extent of community-wide
agreement among farmers in sorting unclassified
seeds into farmer-named classes is unknown, but
affects whether farmer varieties are an over- or
under-estimate of the diversity present.

What did we hypothesize?

We undertook this research to investigate bean
classifications that were confusing to researchers,
by documenting and analysing farmer classifica-
tions. As in Example 2, our tendency was to as-
sume that farmers were careful taxonomists and
that community membership and farming in
similar environments with similar materials
would mean high consistency in the way farm-
ers classify their local crop seeds. We thought of
named varieties as consistently constructed
units, and that within varieties different seed lots
were comparable, but that seed lots of different
varieties were distinct, and even mutually exclu-
sive. That is, seed A was a member of either var-
iety X orY, and could not simultaneously be seen
as a member of both. The assumption we were
testing in our hypothesis was that there was a
high level of agreement among farmers about
how to classify individual seed phenotypes and
the genotypes they represent.
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How did we test our hypothesis?

To investigate varietal classification among farm-
ers we quantified practice using a reference sample
including seeds from each of the three Phaseolus
species grown locally (P. vulgaris, 87; P. dumosus,
73; P. coccineus, 75), all collected in the same
community in the Sierra Juarez region of Oax-
aca, Mexico. By asking each farmer individually
to organize the same complete sample into var-
ieties, we were able to quantify farmers’ know-
ledge applied to the same set of seeds. Controlling
the seeds themselves allowed a focus on the vari-
ation among farmers’ classifications, allowing
us to document farmer classification and what
that means for genetic diversity.

What did we find?

We found that common named varieties repre-
sented broad seed morphology types, but that
there was little consistency among farmers for
how individual seeds were classified, except for
one variety (Soleri et al., 2013). The recognition
of broad types supported previous findings that
when presented with already constituted seed
lots, farmers tended to agree on varietal names,
but our finding of inconsistency at the level of
individual seeds, for example within a species
(Table 13.5), indicated that varietal names
underestimate diversity. Is this because farmers
are not capable of finer levels of discernment

and can only form approximations of a shared
classification? Our additional research with the
same farmers and bean varieties showed this
was not the case, but that they were able to dis-
criminate differences within a species down to
the sub-racial level and deploy these to different
growing environments, as documented by using
simple sequence repeat (SSR) DNA markers in
farmer-managed Phaseolus vulgaris populations
(Worthington et al., 2012).

How did this change our understanding?

Our results suggest that inconsistent classifica-
tions among farmers may reflect idiosyncratic
skills and needs. Variation in farmer knowledge
and practice of classification may be another
point in the farming system where diversity is
preserved, even if it is not what we as re-
searchers may have anticipated, as was the
case with maize seed selection in Example 2. It
may also be another example of how formal
scientific precision could in fact undermine the
diversity maintained in community seed sys-
tems — diversity that may contribute to farmers’
ability to work effectively with the spatial and
temporal variability and change present in
their bean fields. The type of stringent repli-
cated precision formally trained scientists asso-
ciate with skilled taxonomies may simply not be
necessary, or even desirable, in all seed classifi-
cation systems.

Table 13.5. Agreement in farmer classification of Phaseolus bean species into varieties (data from Soleri

et al., 2013) (n = 9 farmer sortings).

Actual finding,

Adjusted Random Indicator of mean agreement
among farmer classifications (0 = agreement
comparable to chance; 1 = complete agreement

Question Our assumption ~ summary among classifications)

Is there Farmers are Levels of Species (n seeds)
agreement barefoot agreement
among taxonomists, among All species P vulgaris P.dumosus P coccineus
individual there will be farmers’ (235) (87) (73) (73)
farmers’ high agreement  classifications 0.20 0.31 0.10 0.03
taxonomies among their are low
of the three bean species
Phaseolus classifications

species they
grow?
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Conclusion

We all seek patterns and meanings that are fa-
miliar, or based on the familiar, and sometimes
this is all we can see, no matter how empathetic
and open we believe ourselves to be. In the case
of research on local FK, the assumptions that
our pattern-seeking can lead to may be inaccur-
ate. This inaccuracy may risk misunderstanding
or misrepresenting farmer practice, and the
needs and goals of farmers themselves, or any
group or individuals we partner with in re-
search. Positive respectful attitudes towards
farmers and their local knowledge are subject to
distorting research assumptions, in a similar
way that less respectful attitudes are.

Through the examples outlined here, we
have found that using methods that seek farm-
ers’ knowledge from their perspective are very
useful for testing these assumptions and can
lead to a deeper and richer understanding of FK
and farmer practice. Specifically, it is important
to: (i) deconstruct technologies when eliciting
FK and opinion to provide a more informative
and nuanced understanding than simply asking
preferences between finished products; (ii) ask
farmers questions, based on their own experi-
ences, that clarify their goals and expectations;
and especially (iii) quantify practice so that em-
pirically based assumptions, including our own
as researchers, can be tested. These lessons can
facilitate successful partnerships between farm-
ers and formally trained scientists to support
and improve small-scale agriculture in ways
that are socially equitable and environmentally
sustainable.

The common assumption that traditionally
based farmers successfully conserve crop genetic
diversity in situ has been supported with evidence
of the diversity in terms of species, varieties of a

species, varietal heterogeneity and genotypic
heterozygosity maintained by farmers. But the
different ways in which this diversity is main-
tained, and what might threaten it, will vary
with variation in crop populations, local environ-
ments, farmers and other elements of the farm-
ing system. In hindsight it seems obvious that we
assumed farmers have comparable cognitive abil-
ities as scientists, but failed to consider, or im-
agine, how the nature of farmer practice and
intent could be so different from that of scientists.
Anticipating our findings was simply beyond our
own capacities as researchers when we started
these investigations, but being able to listen to
farmers and test what we thought was occurring
enabled us to move beyond those limitations.

Progress in understanding farmer know-
ledge and practice will come from research that
compares farmer and scientist knowledge in
terms that minimize bias in favour of either, and
that emphasizes testing the assumptions all of
us have as researchers. The results can be sur-
prising, or even unsettling, but also push us as
researchers to explore processes and outcomes
we may never have anticipated.
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Notes

' We have discussed these views more extensively elsewhere (Cleveland and Soleri, 2007a), with the four
perspectives identified there as: (i) the economically irrational farmer; (ii) the economically rational farmer;
(i) the socio-culturally and/or ecologically rational farmer; and (iv) the complex farmer.

2 Resistance to caterpillar damage is a common trait of transgenic varieties, based on version of the Bt
gene, originally from a soil bacterium, Bacillus thuringiensis.

8 This was a split-split-split plot design using the four farmers’ varieties: yellow and white maize each from

two families in different communities.
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14 Traditional Domestic Knowledge
and Skills in Post-harvest Processes:
A Focus on Food Crop Storage

Patricia L. Howard*

The snake has seized half the grain, and the
hippopotami have eaten the rest. Mice abound in
the fields, the locusts descend and the herds
devour; the sparrows steal — woe to the farmers!
The remains on the threshing floor are for
the thieves.

(Inscription on the private tomb of Menna,

Royal Scribe Surveyor, in ancient Egypt')

Without storage techniques that can preserve
food for long periods of time, production
increases would not be feasible and surplus
generation would be virtually impossible
(Smyth, 1991, p. 41)

Some two billion people live directly from small-
scale agriculture; in sub-Saharan Africa and Asia,
80% of all farmland is managed by smallholders
(up to 10 ha) (Altieri and Koohafkhan, 2008).
The vast majority of these smallholders produce
for subsistence, non-monetary exchange and
small-scale marketing using family labour, local
technologies, local varieties and local knowledge
to manage most tasks involved in agricultural
production and in the post-harvest chain. Their
crops and other harvested plant materials® are
often not immediately consumed, and the ma-
jority of what is stored is kept on-farm; in the
tropics, for example, some 60-80% of all grain
produced is stored on the farm using traditional
methods (Haines, 1995).

* E-mail: patricia.howard@wur.nl

Traditional storage systems are very an-
cient (see e.g. Panagiotakopulu et al., 1995;
Cunningham, 2011). They are the product of
long-term co-evolution based on interactions
between local cultural, socio-economic and en-
vironmental conditions. Structural materials and
design are influenced by the availability of local
resources, the type of crop or plant materials
collected and the forms of stored material (e.g.
threshed or shelled grains). Storage conditions
and methods are also influenced by and influ-
ence crop varietal development and thus have a
direct relation with agrobiodiversity. Each type
of storage has an associated pattern of manage-
ment and use. Since storage is well adapted to
local conditions, systems are highly varied (Haines,
1995). Given all of these influences, traditional
storage systems are subject to continuous in-
novation as new pests and diseases emerge, new
crops and crop varieties are introduced, and
social and economic conditions change.

Nevertheless, little is known about trad-
itional on-farm storage systems. Of the informa-
tion available, most appears to be highly biased.
The emphasis in research and policy making is
overwhelmingly on crop production, neglecting
what happens to crops once they are harvested.
Women manage most on-farm post-harvest
tasks as part of their domestic work; domestic
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work is largely unpaid, invisible and under-val-
ued. When attention is paid to post-harvest pro-
cesses, two assertions are often made in tandem:
post-harvest food losses are high; and traditional
post-harvest systems are the cause, especially
traditional storage. Much research therefore
seeks to develop and promote use of ‘modern’
technologies and external inputs.

Here, as the literature permits, evidence is
presented that demonstrates that negative as-
sumptions about traditional storage contrast
sharply with a cumulative body of research that
shows that losses are low and that reducing
them further may not be cost-effective. Traditional
storage systems are the result of long-term adap-
tations that entail interaction between local
cultural, socio-economic and environmental
conditions. Storage involves complex and dynamic
sets of traditional knowledge and skills, often re-
ferred to as ITK (indigenous technical know-
ledge). Here, when referring specifically to the
knowledge used in the domestic sphere, the term
traditional domestic knowledge (TDK) is preferred,
as it is often the least recognized of all ITK. Much
TDK is corroborated by science, which confirms
that traditional systems are generally highly
effective, appropriate to smallholder conditions
and more sustainable compared with modern
chemical and physical storage technologies.
Food storage systems that depend upon ethno-
botanical and other local technical knowledge
are vital to ensuring household food security
and also provide both motive and means to con-
serve agricultural biodiversity.

To Blame, or to Celebrate?
Traditional On-farm Storage and
Post-harvest Food Losses

It is often argued that, to feed 9.1 billion people
by 2050, global food production must increase
by 50-90%. But many scientists and policy
makers also argue that, by reducing the current
rampant waste of food mainly in wealthier
countries, as well as what are considered to be
high post-harvest food losses in poorer regions,
the growing global population can be fed with-
out investing as many resources in agriculture
and without generating as many greenhouse
gases. The Food and Agriculture Organization

(FAO) of the United Nations (UN) estimates that,
in Europe and North America, about one-third
of the food produced is lost due to waste in the
retailing and consumption end of the supply
chain (Gustavsson et al., 2011). While less food
is produced, wasted and lost per capita in
sub-Saharan Africa and South and South-east
Asia, losses are concentrated in the immediate
post-harvest and storage/transport stages; this is
termed post-harvest food loss (PHL).

The current interest in PHL is also related to
the food and financial crises of 2006—2008 (World
Bank et al., 2011) when food prices soared, lead-
ing to increasing food insecurity and political in-
stability. The current focus on PHL in low-income
countries is not new: in 1975, the UN General
Assembly had declared that PHL was a global
concern and should be reduced by 50% by 1985
(World Bank et al., 2011). PHL estimates were
generally very high (Greeley, 1982).> Reducing
PHL presented a ‘soft third option’ for eliminat-
ing poverty and hunger — an alternative or com-
plement to increasing food production or
redistributing food. The blame for high PHL was
laid squarely on the shoulders of traditional
farmers (World Bank et al., 2011, p. 16; see also
Hodges, 2012), especially traditional on-farm
storage (Boxall, 1989; Haines, 1995):

Traditional farm-level methods were regarded as
inefficient, not because of any specific evidence
of high losses, but because they were characterized
by ‘ancient’ often rudimentary practices,
uninfluenced by modern food science and
technology ... Opinions differed on the root of
the problem — peasant farmers’ supposed neglect
or carelessness, their lack of basic knowledge of
food science, their lack of access to improved
methods, or their shortage of resources to invest
in improved methods.

(Greeley, 1991, p. 8)

Today, PHL estimates range from a low of
10-40% to a high of 50-70%. But, as was the
case in the 1970s, these estimates are also
highly controversial. Especially in sub-Saharan
Africa (SSA), PHL data are ‘spotty and scanty,’
and ‘research is poor’ (Affognon et al., 2015,
p. 52); the World Bank admits that loss estimates
are ‘frequently guesstimates’ (World Bank et al.,
2011, p. 17). Estimates mainly focus on on-farm
losses, which are generally calculated for har-
vesting, drying, processing (e.g. threshing and
winnowing), transporting from the field to



176 P.L. Howard

storage areas, and storage. Traditional stor-
age systems and especially on-farm crop stor-
age are still considered to be the weakest link
in the post-harvest chain, demonstrated by
Affognon et al’s (2015) meta-analysis of
PHL studies in SSA, where some 80% of the
loss estimates reviewed are related to crop
storage. Modi (2004) argues that attitudes
toward on-farm traditional seed storage,
which is seen as insignificant to agrobiodi-
versity maintenance, are also negative as
seeds are often stored in rudimentary condi-
tions, such as in baskets buried in the earth
with ash, sealed in mud vessels, or packed
into raised thatched huts.

These high estimates of storage losses and
negative assumptions about traditional practices
contrast sharply with a cumulative body of re-
search that employs more rigorous methods to
measure on-farm losses among smallholders.
This research clearly shows that, in traditional
systems, storage losses are usually very low,
often under 5% of grain weight in a storage sea-
son, and often closer to 2% (Greeley, 1982,
1991; Boxall, 1989; Golob et al., 1999; Modi,
2004, 2007; World Bank et al., 2011; Hodges,
2012).

Greeley (1991) noted that, in the 1970s,
high estimates of PHL were often market-driven.
Corporations had a vested interest in promot-
ing private or government-sponsored or sub-
sidized programmes for the purchase and use
of synthetic pesticides, storage structures and
post-harvest processing equipment. Today,
high PHL estimates are quoted confidently
and are seen to present an opportunity for
international private sector investment and
profit-taking, as a recent Rockefeller publica-
tion attests:

PHL levels are currently very high across value
chains in SSA and action is required as
areduction in post-harvest losses has a direct
impact on food security ... the [Rockefeller]
model ... focuses on engaging key market
makers and market push and pull actors to
address loss in their specific food-crop value
chains. As an entry point, we would identify the
potential partners (e.g. Coca-Cola, WFP, Flour
Mills Nigeria, Dangote Group, Cargill, Nestlé,
and Unilever) whose food-crop value chains
experience significant losses. We propose to
work with them to develop appropriate

interventions ... [and] identify opportunities to
profitably source from smallholder farmers.
(Rockefeller Foundation, 2015)

Whatever the problems are that such cor-
porations may have in sourcing raw materials
from African smallholders, experts in PHL argue
that ‘traditional practices are an unlikely culprit,
as farmers have survived difficult conditions
over long periods by adapting their practice to
prevailing circumstances’ (World Bank et al.,
2011, p. 16). In general, traditional storage sys-
tems are regarded by many scientists as highly
sustainable and appropriate. They maximize the
use of renewable local resources for storage
structures and containers’ construction and main-
tenance; wild and cultivated plant resources are
used as repellents and insecticides to prevent
storage losses; and family labour is deployed so
that storage is both economical and appropriate
for smallholder conditions.

Storage losses may be high or increasing
among some smallholders, but this is mainly at-
tributed to the intensification and moderniza-
tion of farming systems (double cropping,
introduction of high-yielding varieties (HYVs),
the related increase in production and in pest
and disease incidence, and consequent changes
in crop storage characteristics). This leads to the
loss of traditional knowledge and technologies,
as discussed below. Many new technologies have
been developed or introduced to improve on-
farm storage, but have generally failed due to a
lack of understanding of local management pat-
terns and their relation with the balance be-
tween the storage ecosystem and the external
environment (Greeley, 1982, 1991; World Bank
et al., 2011). The impact of PHL on livelihoods
has been found to be minor compared with other
problems that smallholders confront, and redu-
cing such losses is often costlier than the losses
themselves.

The Functions of Small-scale Storage

On-farm storage should maintain crop quality
and prevent deterioration over the short or long
term. Its most essential short-term livelihood
function is to provide food between harvests,
converting seasonally available wild and culti-
vated plants into dependable all-season staples,
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allowing households to meet nutritional re-
quirements year-round. Longer-term storage en-
sures against future shortages when crops may
fail due to weather, storms, or insects and dis-
eases, or distribution networks fail due to war-
fare, economic and political crises, or natural
disasters. It ‘provides increased socio-ecological
resilience under environmental and climatic
stress’ (Balbo, 2015, p. 305). Storage also pro-
vides access to nutritionally superior traditional
(local) foods as an alternative to nutritionally
poorer purchased foods (see e.g. Toledo and Burl-
ingame, 2006). It is vital to agriculture, as it en-
sures seed supplies for future plantings; its role
in maintaining crop agrobiodiversity is also cru-
cial. Stored seed ensures that varieties are main-
tained over time. Stored food is also a form of
savings: it can be bartered, gifted, or sold when
supplies are otherwise scarce and the value of
stored goods is higher. It helps to balance supply
and demand, stabilizing market prices.

Storing surpluses fulfils many other social
functions with major consequences for social re-
lations and resilience. Anthropologists coined
the term ‘social storage’ to refer to the fact that
stored surpluses can be accumulated as wealth.
Having stored surpluses means having the abil-
ity to redistribute them to gain status, or trade
them for other resources and wealth (Cunning-
ham, 2011). Stored food thus allows social
stratification and complexity to emerge (Testart,
1982). Storage allows cooperation and ex-
change (communal sharing), and thus under-
pins political, social and kinship ties. It allows
communities to exploit ecological differences
and access different types of food and other re-
sources that are not locally available, as is the
case with inter-island exchange networks in the
Pacific, or overland exchange networks in ‘main-
land’ Papua New Guinea (Campbell, 2015).
These exchange networks permit biologically re-
source-poor areas to withstand environmental
disturbance and stress (Ellen, 2016).

In spite of its significance for food security,
sustainability, agrobiodiversity, social differenti-
ation and socio-ecological resilience, very little
research has focused on traditional on-farm
storage technologies, knowledge, skills and so-
cial relations. The vast majority of literature
dealing with it is technical (examining efficacy)
or archaeological; much in-depth social science
literature focuses on prehistoric hunter-gatherer

societies.* Most contemporary literature con-
cerns grains and pulses and, to a lesser extent,
root and tuber crops; less deals with fruit and
vegetables. While much research investigates
food preparation and consumption (‘foodways’),
little investigates the specialized local technical
knowledge and skills underpinning on-farm
storage, intra-community knowledge distribu-
tion, or changes in these and their drivers; virtu-
ally none exists on knowledge transmission.

Storage ITK and Gender

Post-harvest activities, such as winnowing,
threshing, parboiling, drying, storing, distribut-
ing, preserving and preparing food, are strongly
inter-related in terms of use of space (Smyth,
1991), time and labour (often representing a
series of steps carried out sequentially in or near
the home), as well as in terms of techniques (the
way that plants are harvested influences pre-stor-
age processing, which influences storage, which
influences subsequent processing and consump-
tion). These tasks are also often not distinguishable
by end-use: products are separated, processed and
stored simultaneously for the next crop, for home
consumption and for sale. Most often, women are
responsible for these tasks and they are con-
sidered to be part of the domestic sphere (Symth,
1991; Howard, 2003).

It is widely acknowledged that women are
usually the managers of traditional on-farm
storage systems (see e.g. World Bank, 2009),
though this is also culturally variant. There are
barely any studies of intra-cultural knowledge
distribution in post-harvest or storage systems.
Case studies show that men usually build large
storage structures while women are mainly re-
sponsible for preparing crops for storage and for
storage itself, including seed storage. When men
are involved, decisions are frequently shared,
though most work still falls to women. Most lit-
erature fails to discuss storage divisions of la-
bour or women at all. Affognon et al. (2015,
p. 60) reported that, of the 213 documents re-
viewed in their meta-analysis of PHL in SSA,
‘only three (or less than 1.5%) explored gender
issues, and these appraised participation levels
of women and men in postharvest operations
and constraints faced by women in adoption of
technologies’.
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Pre-storage and storage activities usually
take place within the home or in the homestead;
it is often said that food storage is a ‘domestic af-
fair.’ In Bangladesh, men consider seed manage-
ment and storage as women’s work — an
extension of their ‘knowledge of matters in the
house’; women say it is similar to house cleaning
(Oakley and Momsen, 2007). In Timor, Indo-
nesia (Situmeang, 2013), the ‘rule’ is that only a
woman who has been married in a traditional
ceremony has access to crops stored in the attic.
No one else can remove food, even if there is
nothing to eat. This prerogative belongs to
women ‘because they cook’; ‘women are more
capable in managing food ... men are improvi-
dent’ (Situmeang, 2013, p. 41). In Zimbabwe,
informants explained, ‘women are more careful,
a lot of grain would be lost if winnowing and
mixing was done by males.” Men do not have the
time: ‘A man cannot spend the whole day at
home burning manure’ (used to smoke stored
crops) (Winniefridah and Manuku, 2013,
p. 240). Such cultural norms and stereotypes
define gender relations and characterize wom-
en’s work, which may be seen both as skilled and
less valuable than men’s.

In some cultures, there are more cosmo-
logical reasons for women’s predominance in
storage management. Over much of Asia, only
women manage rice storage because of beliefs
associated with a rice goddess, the ‘mother of the
grain’ (Dewi sri in Thailand and Bok sri in Java)
(IRRI, 1983; Proctor, 1994; Hamilton, 2004).
In the Peruvian Andes, women almost exclusively
manage seed and storage; men are forbidden to
enter storage areas. In Quechuan cosmology,
useful plants are worshipped under the name of
‘mother’, such as Mama sara (maize) and Mama
acxo (potato). ‘Seed’ also refers to semen, provid-
ing a metaphor between the ‘seed’ that the male
deposits in the womb and that which is sown in
the field, collected, and deposited in the home
(Tapia and de la Torre, 1993).

When men are directly involved in storage,
the division of labour and control over stored
products are embedded in gender power rela-
tions. Among the Embu, in Kenya, women usu-
ally manage storage but, if a crop belongs to a
man, men decide the amounts to sell and store
and the storage mode. When men cannot pur-
chase storage pesticides, they ask women to
store the crops using ‘their own’ traditional

methods (Nathani, 1996). Households may also
have multiple stores belonging to different mem-
bers. In Burkina Faso, sorghum and millet are
held in the male household head’s granary and
men distribute it to meet household needs; they
may give part to their wives to do with as they
wish. Pulses are women'’s crops stored in wom-
en’s granaries (van Liere et al., 1996). In Zim-
babwe, women are responsible for stored grain
but, when wives and husband have separate
stores, women manage their husband’s store. If
husbands take the active role in storage manage-
ment, they often give instructions that wives
must implement. When men and women have
separate stores, ‘it was always the women’s
stores which were exhausted first’ (Manda and
Mvumi, 2010, citing Douglas et al., 1997).
Women must strategize to exercise control over
the use of the stores, bargaining with men to en-
hance their own positions in the process (Manda
and Mvumi, 2010).

ITK in a Human-Created Ecosystem

Sinha (1995, p. 9) argued, ‘Stored-grain eco-
systems in rural agriculture of a developing
country ... function like a natural ecosystem.’
Farmers design and manage ways to ‘manipu-
late the ecological processes that are invari-
ably involved in the destructive action of
undesirable ... pathogens (fungi), and arthropod
or vertebrate pests’ (Sinha, 1995, p. 7). In the
tropics, high temperatures and water activity
lead to greater biological activity; biological
complexity and diversity are greater and there is
a greater range of storage structures and
methods to match (Haines, 1995). A good stor-
age system limits high humidity and temperat-
ures and provides protection against insect and
rodent attack (Boxall, 1989). Pests are a very
significant storage problem; they compete dir-
ectly with humans for food. Their importance is
evidenced in the literature; 81% of the reports
reviewed on mitigating PHL in SSA (Affognon
et al., 2015) dealt with strategies to combat in-
sect pests in cereals and pulses, including ‘var-
iety selection, biological control, improved
storage structures, modified atmosphere facil-
ities, and treatment with chemical insecticides’
(Affognon et al., 2015, p. 56).
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While much ethnobotanical, ethnoentomo-
logical and ethnozoological knowledge is required
to control storage pests, many other types of
knowledge are also required. Managers must
know ‘how many, how large, and what type’ of
storage facilities are required (Sinha, 1995),
which depends on the ability to forecast storage
volumes, forms and consumption requirements,
as well as household economic and spatial con-
straints (Smyth, 1991). They also require strat-
egies for storage design and control, including:
the storage potentials and susceptibilities of dif-
ferent crop species and varieties; how to dry plant
materials and protect them from rain or excessive
moisture; how to construct, maintain and repair
drying and storage structures and containers;
how to clean everything that comes into contact
with plant materials and maintain hygiene
throughout the storage period; and how to pro-
tect stored plant materials against attack not only
by insects, but also by bacteria and fungi, and
against theft by rodents, birds and humans. Man-
agers must estimate likely storage losses as well as
monitor stored stocks and take measures as prob-
lems arise. Knowledge is needed about how much
and which stored material must be allocated for
planting, consumption, barter, gift-giving and
sales, and of how stored products must be distrib-
uted, by whom, when and to whom.

Households may need to store many differ-
ent types of plant materials using different tech-
nologies and methods. The required knowledge
is not only multiplied by the number of plants,
technologies and methods; the interactions be-
tween them must also be considered, including
the allocation of time, space and other resources
entailed; consideration of the quantities and
forms in which materials will be stored; the loca-
tion of different stored materials; and possible
pest interactions (Boxall, 1989; Haines, 1995;
Stathers et al., 2013). There is a dearth of litera-
ture on most of this knowledge. Here, the focus
is necessarily on those aspects that are best
covered in the literature — the most crucial to
avoiding storage losses.

Post-harvest, pre-storage ITK

Drying plant materials prior to storage helps to
prevent the formation of bacteria and fungi.
Some fungi (e.g. Fusarium spp., Aspergillus spp.)

produce mycotoxins that can be lethal to hu-
mans. Drying decreases insect infestation since
insects feed on and spread fungal spores, leading
to higher moisture content. The heat from sun
drying (spreading crops in the open air) elimin-
ates many insects (Haines, 1995; Golob et al.,
1999). Special drying structures may be needed
to protect against rain while ensuring proper
ventilation; some also function as storage struc-
tures (Boxall, 1989). In south-western Burkina
Faso, sorghum and millet are spread and dried
for several weeks on specially built platforms,
whereas beans and vegetables are spread on
house roofs, and shea nuts are dried over an
oven, allowing the nuts to be easily cracked (van
Liere et al., 1996).

Research on women'’s seed management
in Bangladesh demonstrated the importance
of drying and of the knowledge required to dry
different crops. In Tangail District’s humid
environment, drying is very time consuming
and women are taught by their mothers or
mothers-in-law. After cleaning, seeds are dried
in courtyards in piles of different varieties. Ac-
cording to a respondent, ‘because each area of
the courtyard receives differing degrees of sun-
light and heat, women avoid mixing piles, even
if of the same variety, as each pile will dry at
varying rates’ (Oakley and Momsen, 2007, pp.
100-101). Rice must be stirred all day long, ‘to
bring the bottom grains to the surface; we
make sure it all dries evenly.” Table 14.1 sum-
marizes the tests that women use to determine
seed dryness.

Drying is only one of a total of six steps in-
volved in preparing rice for storage. Again in
Bangladesh, courtyards are first prepared with a
layer of fresh mud mixed with cow dung to keep
from contaminating the rice with dirt. Paddy is
threshed by bullocks and the straw is dried for
fodder. Rice is winnowed and sieved multiple
times before being parboiled and soaked; only
afterwards can it be dried and stored. Post-har-
vest labour requirements are very high, ‘be-
tween 41 per cent to 49 per cent of the total
man-days required for its cultivation’ (Abdullah,
1985, citing Von Harder, 1975).

After threshing, paddy is soaked for 3-24 h
and then placed in vessels lined with straw to
keep the rice from burning. Parboiling time de-
pends on how long the rice has been soaked
(Abdullah, 1985). ‘Women can tell by the smell of
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Table 14.1. Women’s tests for checking seed dryness in two study villages in Bangladesh (reproduced
from Oakley and Momsne, 2007, p. 101, with permission from John Wiley and Sons).

Crop Test

Rice Sound of seeds hitting against each other when shuffled in the palm of the hand.
When bitten should sound like ‘katkata’ Throw in the air with the winnower to feel for
weight. Husk comes off readily

Jute Sound of ‘jhan, jhan’ when seeds are stirred together. Squeeze to feel for hardness

Wheat Sound of a gravel stone when seed is bitten. Should break into pieces when bitten;
should crumble into powder when chewed

Foxtail millet Sound of ‘machmacha’ when seeds are rubbed together

Barley Seeds feel slippery between the fingers. When bitten should sound like ‘tannath’

Proso millet Husk comes off easily if seeds are rolled against one another

Pulses Seeds roll easily when stepped on

Mustard Deep black colour. Shrinks in size. Seeds are slippery and roll when stepped on

Linseeds Light weight when held in hand

Vegetables/fruits Break open seed to look for well formed cotyledons. Sound of seeds rubbing against

each other in the palm of the hand. Sound of ‘madtath’ when broken; should break
into two pieces. Squeeze seed to check for moisture

paddy, by how much it rises and how it splits,
whether the parboiling is complete ... [parboil-
ing] facilitates easy milling and absorption of
proteins, vitamins and minerals, reduces the
amount of broken rice, stores better and the bran
contains approximately 15-30 per cent of oil
and is used as food for animals and poultry’ (Ab-
dullah, 1985, p. 212). In Sierra Leone, different
rice varieties respond differently to parboiling.
‘Women ... are often very skilled in determining
the amount of heat and time sufficient for a par-
ticular quantity’ (Kroma, 2002, p. 188).

If rice is not properly dried after parboiling,
grains will break when milled or husked and de-
teriorate in storage. When drying, paddy must
be watched continuously so that it is not lost to
livestock or birds. In Bangladesh, women dry the
rice for 1-3 days (depending on temperature and
day length), turning it periodically. If rice is ex-
posed to too much sunlight, it can over-dry and
grains will break during milling; insufficient
drying leads to storage losses (Abdullah, 1985;
see also Kroma, 2002).

Traditional storage structures, and
mechanical and cultural controls

Short-term crop storage may be done on the
ground or on drying floors, on open wooden plat-
forms, or by suspending plant materials in the air

outside (e.g. hung from branches) or indoors (e.g.
over an oven). Long-term storage is done in stor-
age baskets, cribs, or specially constructed build-
ings, especially in very humid environments,
since they provide adequate ventilation. In the
Yucatan, Mexico, different maize storage struc-
tures and forms of storage (shelled, husked, and
packed with husks) are related to the length of
storage, which in turn is related to the amount of
maize removed each day for household con-
sumption (Smyth, 1991).

Gourds, calabashes, or earthenware pots
are used to store small quantities of plant mater-
ials and may be hermetically sealed using mud,
clay, or dung, but this mode is usually too expen-
sive to use with bulkier food grains (Proctor,
1994; Golob et al., 1999). Jars or other large ves-
sels (clay and, increasingly, metal or plastic) are
used to store seeds and legumes; especially in dry
areas solid-wall bins are used, with a base made
of wood, soil, or stone. Silos are usually round or
cylindrical shapes, which are less prone to crack-
ing than rectangular shapes, and are made of
clay, possibly mixed with straw. Roofs are of
thatched grass with an overhang. Underground
storage pits are widespread in areas with low
water tables (hot, dry climates), such as in Ethi-
opia, the Sudan and Somalia, but they are also
known in more humid areas, such as Fiji. Pits
are varied in shape and the entrances may be
closed by soil, sand, or a stone sealed with mud
(Proctor, 1994; Golob et al., 1999).



Traditional Domestic Knowledge and Skills in Post-Harvest Processes 181

Ash and other chemically inert materials
such as sand, kaolin, paddy husk ash, wood ash,
and clays, lime, salt and diatomaceous earths
(Golob, 1997) or even seed are widely used in
different types of traditional storage systems.
These control insects by closing the spaces be-
tween grains, which prohibits movement, and
also by damaging the insect’s cuticle, leading to
dehydration (Golob et al., 1999) or death by suf-
focation (Wolfson et al., 1991). Lime is unpalat-
able to many pests and thus it also acts as a
repellent (Smyth, 1991). Much research has
demonstrated the efficacy of these methods, as
in the case of cowpeas weevils, which cause
90% of insect damage, mainly in storage, where
infestation may reach 100% (Boeke et al., 2004).
In northern Cameroon, farmers thresh cowpeas,
mix them with ash and place the mixture into a
mud granary or clay jar, compress it and then
cover it with an additional ash layer, which ef-
fectively controls weevils (Wolfson et al., 1991).

Traditional communities in Ghana provide
examples of short-term tuber storage methods.
Highly perishable cassava roots are generally
stored in the field and harvested when needed
but, when they must be harvested and stored
short-term, they are immersed in hot water and
then buried in damp soil. The soil moisture con-
tent is ‘maintained at a level that is not high
enough to accelerate rotting and not low enough
to cause hydration’, keeping roots fresh for about
2 weeks (Paceetal., 1989, p. 5). Inthe south-east,
roots are dried or immersed in hot water and
then stored in baskets or bags, or kept in a wa-
ter-filled bucket or in a basket covered with jute
that is sprinkled regularly to keep the roots moist
until they can be further processed (Dei, 1990).
Yams are less perishable than cassava and Dei
(1990) found that, while yams can be main-
tained in the field for up to 1% years, some var-
ieties are harvested and stored for a few weeks to
5 months using special structures or techniques.
In one mode, all soil is removed to keep yams
from growing and from developing diseases; rot-
ten yams are removed from stores to prevent dis-
ease spread. They may then be tied with twine to
wooden stakes and a cross-bar, which also pre-
vents the spread of disease, provides ventilation,
and allows inspection, or they may be stored in
small heaps on the ground covered with yam
vines, soil, or sticks. Or they may be stored in pits
lined with yam vines and covered with soil, or

placed on a low platform made of stakes and palm
fronds located under a tree, which provides venti-
lation and shade to avoid drying and cracking.
They may be packed into gaps at the base of a tree
buttress, ‘leaving yam tubers in the soil after the
stems have been cut ... packing [them] in ashes
and covering them with soil’ (Dei, 1990, p. 14).

Highly perishable crops can also be stored
for longer periods in pits, as in Fiji (Aalbersberg
et al., 1988), where women stored breadfruit,
cassava, taro, plantain and giant swamp taro.
Men dug pits in a shaded area with good drain-
age, near a fresh water supply. Pits were lined
with dried banana leaves and then with green
banana leaves that were folded and overlapped
in several layers to avoid soil contamination,
leaving some leaves to extend over the top as a
cover. Washed fruit or roots were stored in these
pits and covered with dried leaves weighted with
stones. When the food was well fermented and
soft (3—4 weeks), it was removed and replaced
with fresh stores. The pH in the storage pit de-
creased over time, preventing spoilage. Fijians
also inoculated the stored material with an aroid
plant, Amorphophallus campaculatus, to aid fer-
mentation.

In Bangladesh, women usually store rice
seed in baskets prepared by coating them inside
and out with cow dung and mud, which keeps
the basket from splitting and protects against ro-
dents. Rice-filled containers are covered with
straw, a clay pot, or coconut shell, and sealed
with mud (Abdullah, 1985). ‘The application of
airtight seals, which requires considerable ex-
pertise, is essential for controlling humidity and
temperature ... Seed varieties must be kept in
separate containers and farmers need to be able
to identify the varieties held in each’ (Oakley and
Momsen, 2007, p. 92). Parrish (1995) reported
that, in an Egyptian oasis, grains were stored in
holes dug in and covered with sand. Ashes, lime,
or crushed red peppers were mixed with the
grain, acting as insect irritants and desiccants.

Traditional storage ITK and technologies
not only largely protect plant materials for fu-
ture use; they can even enhance these materials
and their performance. Modi (2004, 2007)
showed that, in South Africa, traditional taro
corm storage increases the viability of taro
propagules. Taro corms are susceptible to rot
when stored in the field. Farmers thus maintain
taro germplasm in situ using pre-planting storage
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methods. Propagules are layered in dry pits sep-
arated with straw to prevent water infiltration.
Using indigenous methods, ‘corm rot can be min-
imized and propagules are enhanced through
shoot and root development’ (Modi, 2007, p. 218).
The high quality propagules allow for successful
crop stand establishment and the planting sea-
son is also prolonged. Farmers also put corms into
pits for 3 months, which allows fresh seed corm
peels to dry and harden, accelerating sprouting
and minimizing corm losses from pathogens
(Modi, 2004).

Chemical control of storage pests:
botanicals and fumigation

Most smallholders use plants and their products
to control storage pests chemically. Many botan-
ical pesticides and repellents are also used as me-
dicinals and flavourings, since these tend to
possess insecticidal properties. Plants produce
phytochemicals and secondary metabolites that
defend them from pests. Plants and secondary
plant products such as edible oils, distilled essen-
tial oils, soaps and powdered roots, stems, fruits
and leaves are mixed with stored plant materials
(Golob et al., 1999; Walia et al., 2014) or rubbed
on the sides of storage structures to make use of
these properties (Parrish, 1995). Their use de-
pends on locally transmitted ethnobotanical
knowledge to identify and manage them (wild or
cultivated) and to process, apply and store them
effectively.

Botanicals act against insects through six
mechanisms: through respiration, as with a fu-
migant; through contact or digestion; by pre-
venting reproduction or causing sterilization; by
inhibiting normal feeding behaviour (anti-feed-
ant); by repelling or altering insect behaviour;
or by a combination of these actions. Scientific
knowledge about these effects is quite limited:
‘for most of the botanicals that have been
tested ... the only data available concern strictly
efficacy, while the mode of action for many of
them remains unknown’ (Athanassiou et al.,
2014, pp. 131-132). Hundreds of species have
been tested for efficacy against major storage in-
sects and yet, ‘there is a dearth of information
concerning actual use of plants by farmers ...
very many plants used as grain protectants by

rural communities . .. have yet to be identified ...
Very little information has been acquired which
describes how farmers apply plant protectants’
(Golobetal., 1999, p. 7).

A few African examples suffice to illustrate
the use of different plant species and plant parts
as pesticides. In Senegal, one of the few ethno-
botanical studies found (Toumnou et al., 2012)
surveyed 184 farmers and documented a total of
35 species in 21 families used as storage insecti-
cides. Factorial analysis revealed two groups of
plants: one for conserving peanuts, corn and mil-
let; and the other to conserve beans, sorghum,
fonio and rice. The most commonly used plants
were of the Cesalpiniaceae, Meliaceae, Piperaceae
and Combretaceae families, and the parts most
commonly used were leaves, barks and fruit. In
Benin, 33 plant species are used as insecticides or
repellents against weevils in fresh, dried or pro-
cessed form (Boeke et al., 2004). In Ghana’s Ash-
anti region, a survey of 500 farmers identified 26
plant species used to protect stored grain; more
than 90 other plant species were reported that
had insecticidal properties. A quarter of the farm-
ers used plant protectants, but few used them ex-
clusively; the most common means of protecting
stored maize was smoking (Golob et al., 1999).

The use of smoke and fumigation are
among the most effective traditional methods for
protecting stored plant materials from insect in-
festation. Fumigants diffuse throughout a stor-
age area, reaching interstitial areas in grain and
killing insects (Athanassiou et al., 2014). Fumi-
gants used for storage worldwide include spices,
herbs, ‘vegetable oil, inert dusts, plant extracts
like essential oils, lectins, proteins, and leaf pow-
ders, which have insecticidal and antimicrobial
activity’ (Shaaya et al., 1997, p. 7). Burning
causes biogases and carbon dioxide to permeate
the storage space. The concentration of carbon
dioxide suffocates, dehydrates and poisons in-
sects (Shaaya et al., 1997). Modi (2004, p. 17)
reported: ‘In the past two decades smoke has
been shown to improve seed germination of al-
most 200 species from more than 40 families.’

Synthetic versus botanical pesticides

Traditional smallholders often also deploy syn-
thetic pesticides. Writing on eastern and southern
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Africa, Stathers et al. (2013, p. 366) reported
that the decisions to use synthetic or natural in-
secticides or repellents in storage was related to
‘cost, knowledge, information networks, experi-
ence, availability of the protectant, the planned
storage duration of the grain and objective of
storage’. One of the few ethnographic studies on
post-harvest systems, among the Embu in Kenya
(Nathani, 1996), discussed recent changes in
storage pest control. According to one woman,
‘what I use depends on the crop. For instance, for
maize I use marigold and for beans and potatoes
ashes,” while another woman stated, ‘most of
the time I use [synthetic] pesticide, it is only
when there is no money that I use these natural
preservatives’ (Nathani, 1996, p. 162). Of 177
women surveyed, 25 used synthetic pesticides
alone, 132 used natural pesticides and 20 used
nothing. One woman compared synthetic versus
botanical pest control: ‘the indigenous practices
are time consuming and tedious ... the good
thing ... is that they are free ... during the time
of scarcity, people turn to these herbs to preserve
their food, but they do not talk about it because
they are embarrassed’ (Nathani, 1996, p. 163).
This embarrassment, discussed below, is due to
the stigma associated with indigenous practices
in an era when using ‘modern’ farming tech-
niques confers higher social status and govern-
ment support.

Many researchers note that, certainly in
smallholder agriculture, local botanical prod-
ucts are superior to synthetic pesticides, which
pose health hazards for humans and animals
during storage, application or food consump-
tion. Synthetic pesticides bring more generalized
environmental risks, are often difficult to access
and prohibitively expensive, and are largely im-
ported, implying a burden of debt and subjection
to international market fluctuations. Especially,
pesticides that are commonly used in storage
lead to insect resistance (see e.g. Poswal and
Akpa, 1991; Shaaya et al., 1997; Golob et al.,
1999; Pandey et al.,, 2014). Women are very
likely to be more exposed than men to health
risks because of their multiple interactions with
the chemicals in and outside the home — mixing,
applying, and disposing of pesticides; contact
during sowing, weeding, thinning, harvesting
and collecting residues; and applying them
against domestic and storage pests. They are also
subject to drift into the domestic environment,

food and water contamination (including through
washing and reuse of pesticide containers), and by
washing contaminated clothing (London et al.,
2002). Many studies attest that smallholders’
knowledge about synthetic pesticide application
and access to protective gear is very limited, so the
risks posed are very high. On the other hand,
smallholders collect or produce botanical insecti-
cides and repellents themselves and so complex
distribution networks are not required. Their use
is generally sustainable — they are renewable and
biodegradable, with no negative impact on the en-
vironment (Golob et al., 1999).

Storage ITK Change and Loss

... serious [on-farm storage] losses do sometimes
occur and these may have resulted from
agricultural developments for which the farmer
is not pre-adapted. These include the introduc-
tion of high yielding cereal varieties that are
more susceptible to pest damage, additional
cropping seasons that result in the need for
harvesting and drying when weather is damp or
cloudy, or farmers producing significant surplus
grain which, because it is to be marketed rather
than ... [consumed] is less well tended ... new
pests can be a problem, as in the case of the
larger grain borer (LGB — Prostephanus truncatus)
in Africa.

(Hodges, 2012, pp. 2-3)

Major changes in traditional storage systems re-
sult from more generalized changes in farming
systems, mostly intensification. Especially import-
ant are increases in storage volumes and storage
pest incidence, the diffusion of HYVs that often
have poorer storage characteristics compared
with traditional varieties, and the use of synthetic
pesticides. A virtually undocumented source of
erosion is likely to be changes in household labour
supply and demand due to phenomena such as
the feminization of agriculture and male out-
migration, HIV-AIDS, increasing female wage la-
bour employment and participation of children
in formal education, all of which may impact es-
pecially women’s ability to manage what are
often labour-intensive and time-sensitive pro-
cesses. In some places, the expertise associated
with traditional agriculture and storage systems is
considered as an emblem of backwardness in-
stead of a source of prestige. Traditional storage
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knowledge is likely to be no different than other
forms of ITK, where ‘a major threat to the sus-
tainability of natural resources is the erosion of
people’s knowledge, and the basic reason for this
erosion is the low value attached to it" (Hoppers,
2002, p. 7).

With increased yields and conversion to
monoculture, crops must be stored in bulk, pos-
sibly exceeding the capacity of traditional stor-
age structures and of households to process and
manage the quantities involved. Pesticides have
been widely adopted in areas where crop pro-
duction has intensified although, as is the case
with the Embu people in Kenya, many small-
holders combine their use with traditional stor-
age methods. Intensification and extra-regional
trade have led to new insect pests for which no
traditional control methods exist. This compels
innovation: either storage methods change and
synthetic pesticides are used, as in the Egyptian
case below, or new botanicals are introduced, as
in Nigeria. In some cases, as in Nepal, innov-
ation is lacking.

Other forces implicated in the erosion of
agricultural ITK are also affecting post-harvest
TDK. In Egypt’s Western Desert (Parrish, 1995),
yields increased when wells were introduced
some 50 years ago. Farmers expanded storage
facilities and changed methods and now con-
tend with increased losses due to new weevil
pests that they say arrived when the Ministry of
Agriculture began to offer extension services.
Some crops were traditionally stored in pits and
sand was used to fill the interstices, but this is no
longer possible as increased irrigation caused
ground saturation and sand dunes shifted, so
sand is not available near storage areas. Sun dry-
ing has ended. Indoor granaries and mud silos
became too small. By the early 1990s, 80% of
farmers used only synthetic chemicals in stor-
age, while 26% mixed old and new technologies.
The higher the education of the farmer and the
greater the area farmed, the more likely it was
that synthetic pesticides and rodenticides would
be applied and traditional practices would be
abandoned. Many now work off-farm and syn-
thetic pesticides are labour-saving; wages permit
purchases of synthetic inputs. Nearly 70% of
farmers learned modern pest control methods from
extensionists; those who learned traditional
methods learned them from family members
and neighbours.

Among the Tharu in Nepal, 70-90% of all
grains produced are stored on-farm (Bjornsen
Gurung, 2002). There is little traditional pest
control knowledge since pest pressure was low.
Farmers moved both fields and villages, which
probably suppressed pests; rice was cropped only
once per year and pest-resistant landraces were
preferred. Then, farmers became sedentary, and
pests became common when rice HYVs were
introduced in the 1990s. Throughout Nepal, the
need for storage pest management is associated
with the cultivation of pest-susceptible crops
and varieties. Traditional pest-resistant crops
(millet, buckwheat, and barley) did not require
sophisticated control practices, but these are
now mainly minor crops. Bjornsen Gurung
(2002, p. 102) found little innovation in crop
storage practices, even with the increase in
pests, and argued that this was because crop
losses were more related to natural calamities
than to storage pests: ‘Entomologists and exten-
sion workers commonly attribute higher import-
ance to pests and their control than farmers do.’

Although the literature dealing with change
in traditional storage systems does not consider
traditional knowledge, the use of synthetic pesti-
cides can certainly lead to its loss, as evidenced in
Mali, where traditional storage methods

... formed an integral part of the informal
education of youths... Particularly in the last
two decades, chemicals have been introduced at
an ever-increasing rate into peasant farming.
Profiting sometimes from the label of modern-
ism, they were often accepted without
comparing their performance (preservation
effects, environmental impact) with that of
traditional techniques. Now, young people are
no longer being taught how to use the local
resources.

(Koné, 1993,p. 1)

Embu women said that, before World War
II, there were no weevils or worms to destroy
stored food. People thought that weevils and
moths were introduced by European soldiers or
crops. One woman said, ‘... through trial and
error we learnt that various leaves could be used
as repellents ... Marigold and others became
very important . .. once we got to know that they
could be used to preserve food’ (Nathani, 1996,
p. 166). By the 1990s, many women in their 20s
knew no traditional storage pest control methods
and used only synthetic pesticides, in part because
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they believed that it was ‘backward and out-
dated’ to use indigenous storage practices, or
they feared that people would perceive them as
poor. ‘What would my neighbours say if they
found out that I use marigold or ashes to pre-
serve food? They would laugh at me and think
I am old fashioned’ (Nathani, 1996, p. 163).
Land clearing for agriculture had reduced the
availability of wild plants used as botanical re-
pellents and insecticides, and women spent less
time harvesting them: ‘... many of these repel-
lents are not easily available ... in the olden
days, these plants used to grow even behind our
houses’ (Nathani, 1996, pp. 164-165).

It can be presumed that, in addition to the
factors discussed above, women's time constraints
play an important role in the loss of traditional
storage knowledge. In gender and rural develop-
ment literature, it is widely recognized that rural
women’s time is often very constrained. Some lit-
erature that discusses technical aspects of trad-
itional storage also stresses the associated labour
burdens and promotes more modern technolo-
gies as a means to free women’s time. This is cer-
tainly true in the case of other post-harvest
processes, such as in Swaziland, where the de-
cline in the cultivation of indigenous food crops is
attributed in part to labour constraints in process-
ing (Malaza, 2003). When younger women at-
tend school or engage in wage labour, they are
less likely to have time available and are more
likely to reject traditional foods and agricultural
activities (see e.g. Howard, 2003, 2006).

One study documented the potential threat
of over-harvesting. In Ghana, 16 plant species
used as stored product pesticides were researched
across four different geographical zones. Eco-
logical studies determined that natural regener-
ation of one of these species was low due to
repeated wild fires, and four others ‘face threat of
extinction in the likely event of being extensively
used in grain storage’ and thus would require in-
tensive propagation. With the exception of three
species, the rest had very low seed germination
rates (Belmain, 2002, p. 34).

Conclusions and Needs
for Further Research

There is a substantial and largely uninformed
effort under way to change smallholder knowledge,

technologies and practices based on a set of
often erroneous or unsubstantiated assump-
tions about the irrationality, inefficiency and
backwardness of traditional post-harvest stor-
age systems, which lead to high estimates of
food loss. However, several studies report that
improvements to traditional storage systems are
seldom proffered and, when they are, they are
often not adopted or effective (Greeley, 1991;
World Bank et al., 2011; Affognon et al., 2015).
Modi (2007, p. 214) summarized the reasons:
there is ‘(i) poor understanding of their agroeco-
system realities, in that introduced technologies
do not match the complex nature of smallholder
agriculture, and (ii) underestimation or poor es-
teem of traditional knowledge’.

There is also recognition among some well-
informed scientists and practitioners that trad-
itional systems are in fact more sustainable,
appropriate and resilient, since they are based
on local renewable resources, including botan-
ical pesticides, that are not polluting or dangerous,
nor do they generate insect resistance. Trad-
itional systems are well adapted to local crops
and environments and serve to reinforce demand
for landraces. From an economic standpoint,
they are generally quite superior, as they do not
rely on expensive inputs, volatile input markets,
foreign exchange, or on often non-existent for-
mal distribution networks, or external know-
ledge and extension advice. However, even those
who extol the multiple virtues of traditional
storage and post-harvest systems lack in-depth
understanding of the spatial, temporal and ma-
terial interrelationships entailed in storage sys-
tems (Smyth, 1991), or the complex knowledge,
skills, decision-making, strategies, labour pro-
cesses and social relations entailed. Social scien-
tists have barely been involved in such research,
and those who do engage usually do not focus on
contemporary agroecological systems. Even
gender researchers concerned with agriculture
tend to avoid what is considered to be the ‘repro-
ductive’ domestic sphere, overlooking the rich,
complex, dynamic and diverse sets of knowledge
and skills, as well as the high labour demand and
bargaining processes entailed that in part define
women'’s status and welfare.

Storage contributes decisively to food secur-
ity at both household and higher levels, and to
extensive networks of inter-community exchange —
both monetary and non-monetary — that interlock
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socio-ecological systems for people’s mutual
benefit and resilience. Given the importance of
post-harvest systems generally and especially of
on-farm storage for livelihoods and food security,
particularly in regions where smallholder agri-
culture predominates, there is an urgent need to
advance a multi-purpose research agenda. One
requirement is for in-depth ethnobiological /an-
thropological and politico-ecological research
that can illuminate the nature and complexity
of on-farm post-harvest systems, including know-
ledge and skills, their relations with technology
(choices, options and change), socio-cultural
(especially gender and other power) relation-
ships, agroecological environments, and the lar-
ger economic and political context. This would

allow researchers who need to understand the
systems that they propose to change to at least
be more capable of recognizing the authentic
needs of smallholders and women, and of better
predicting outcomes of change processes. Research
is certainly required that questions whether and
how technological innovations undermine or
improve smallholders’ (and especially women's)
decision-making capacities, knowledge acquisi-
tion and transmission, status and welfare. Re-
search is also urgently needed that deals with
the ways in which climate and other types of en-
vironmental change (e.g. in agrobiodiversity),
market expansion and agricultural intensifi-
cation affects the resilience of on-farm post-
harvest processes and storage systems.

Notes

' Referring in all likelihood to peasant agriculture (Brock, 2005).

2 Here the focus is on indigenous technical knowledge (ITK) relating to stored plant materials rather than
livestock or fish, which merit their own reviews. | also exclude the ITK related specifically to storage struc-
tures when these are built (e.g. constructed of wood, bamboo, maize cobs, etc.) which also merit their own
review, as they may be highly specialized. The ITK involved in post-harvest processes relating to livestock
and captured game and fish are part of the overall ITK held by subsistence and traditional peoples, who do
not depend on plant materials alone for nutrition.

3 Greeley (1982, p. 51) citing Lester Brown, 1970: “... according to one calculation, based on local reports,
50 per cent of the grain crop of India was lost to rodents, 15 per cent was lost during milling and processing,
15 per cent was lost to cows, birds and monkeys, 10 per cent was lost to insects and 15 per cent was lost
during storage and transit — a grand total of 105 per cent.

4 Even this literature is very restricted: ‘Our poor understanding of storage behaviour results from the inabil-
ity of archaeologists to unambiguously recognize remains associated with past storage strategies ... par-
ticularly at the domestic level of analysis. This methodological shortcoming has ... contributed to the signifi-
cant but generally overlooked role of storage in the development of complex societies’ (Smyth, 1991: 1).
Ethnoarchaeological research on contemporary on-farm storage systems could potentially overcome such
limitations, but it is extremely rare.

5 Published databases of plants used for storage protection include: Golob and Webley, 1980; Rees et al.,
1993; Dales, 1996; Golob et al., 1999.
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15 The Local Wisdom of Balinese Subaks

Wayan Windia, Gede Sedana, Thérése de Vet and J. Stephen Lansing*

Since the 1970s, Balinese subaks (local water-user
associations) have played a prominent role in de-
velopment plans for the island. But they are now
perceived by many Balinese to be in a crisis of
sustainability. Ironically, the origins of the cur-
rent crisis can be traced to the success of two
earlier development programmes that began in
the 1970s: the Green Revolution in agriculture;
and the expansion of tourism. At the onset of
the post-colonial era, the government of Indo-
nesia began to mobilize the subaks to support the
goal of self-sufficiency in rice (Sedana, 2012).
To avoid conflict with traditional agriculture,
new facilities for the tourist industry were to be
ring-fenced in coastal areas. But as both tourism
and rice agriculture expanded, the subaks took
on new, often contradictory roles in subsequent
development plans. In the 1990s, policy makers
came to see the subaks as advantageous for both
rice production and tourism. Aspects of the tra-
ditions of the subaks were re-interpreted in light
of ever-changing plans for economic develop-
ment. These contradictions came into sharp
focus in 2012, with the creation of the United
Nations Educational, Scientific and Cultural Or-
ganization (UNESCO) World Heritage designa-
tion: Cultural Landscape of Bali: the Subak System
as a manifestation of the Tri Hita Karana Philoso-
phy. This recognition by UNESCO came at a time
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when the very survival of the subaks had begun
to be debated in Balinese newspapers.

The chapter begins with an overview of this
history, from the Green Revolution and master
plans for tourism of the 1970s to the present
controversies surrounding the UNESCO World
Heritage. From the outset, development planners
struggled to comprehend the functional role of
the subaks in the management of Bali’s rice ter-
races. The second part of the chapter reviews
what has been learned about that question.

The Green Revolution

In Bali, a fragile system of cooperative manage-
ment has sustained an equally fragile infrastruc-
ture of terraces, tunnels and aqueducts for many
centuries. The landscape of Bali is dominated by
two active volcanoes, with steep slopes reaching
almost to the sea. According to Balinese legend,
these symmetrical peaks are fragments of the
cosmic mountain that were brought to the island
by the Hindu gods. The flanks of the volcanoes are
deeply incised by ravines containing fast-flowing
rivers and streams, with small diversionary dams
or weirs. In ancient times, as tunnels and ca-
nals proliferated on the slopes of the volcanoes,
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the irrigation systems began to link communi-
ties, like melons on a vine. When that occurred,
the task of enforcing equitable rules for irrigation
schedules would have required cooperation at
two levels: among the farmers on each terraced
hillside; and between entire communities shar-
ing the same irrigation system. References to a
specialized institution for this purpose begin to
appear in Balinese inscriptionsin the 11th century.
This institution, called subak, is not identical to
the village. Instead the membership of a subak
consists of all the farmers who own land watered
by a common source, like a spring or tertiary
canal (Lansing, 2006).

In 1971, French consultants prepared a
master plan for tourism development in Bali for
the United Nations Development Programme
(UNDP). The island’s population was then 2.2
million and the economy was still dominated by
traditional agriculture. At that time, tourism
played a minor role in Bali's economy; the an-
nual number of foreign visitors only reached
300,000 in 1973. The UNDP’s master plan for
tourism foresaw ‘concentrating future hotel de-
velopment in an area where the potentially nega-
tive effects of tourism on Bali’s traditional life can
be minimized’. ‘Cultural tourism’ was empha-
sized in official plans, along with protection for
the environment and for Bali’s traditional society.
UNDP argued that the expansion of tourism
should have ‘high developmental priority’, be-
cause nearly all available agricultural land was
already under cultivation (Picard, 1990).

As these plans were taking shape at UNDP
and the World Bank, a massive intervention in
Balinese rice cultivation was about to begin,
spearheaded by the Asian Development Bank
(ADB). The ‘Green Revolution’ promised to en-
able the government of Indonesia to meet its
goal of self-sufficiency in rice production. By the
mid-1970s, plans were under way for both the
expansion of tourism and a Green Revolution in
Balinese agriculture. Around the southern
beaches, the ADB’s plan for tourism develop-
ment encouraged the proliferation of new hotels
and tourist facilities. Meanwhile, in the country-
side, the Green Revolution was rapidly replacing
native Balinese rice varieties with hybrid rice,
which promised higher yields (Poffenberger and
Zurbuchen, 1980). With the goal of providing
the extra irrigation water needed to support this
intensification of rice agriculture, the ADB

provided loans to finance a costly overhaul of
the irrigation works in more than 50 subaks. By
1977, 70% of the subaks in southern Bali were
planting the new rice (Sutawan and Pitana,
1993).

Meanwhile, the expansion of tourism out-
ran even the most optimistic scenarios of the
ADB. Indonesia’s National Statistics Board re-
ports that 3.41 million foreign tourists visited
Bali in 2014, prompting complaints that the is-
land was in danger of being ‘loved to death’.
Continuing support for cultural tourism encour-
aged visitors to spill out of the beachside hotels
into the countryside, where the attractions in-
cluded the beauty of the rice terraces and subak
temples. Ironically, cultural tourism succeeded
so well that the original master plan (intended to
confine the expansion of tourist infrastructure
to the beaches) soon became moot. Hotels, res-
taurants, gift shops and private residences prolif-
erated in much of Bali, especially in the vicinity
of the most attractive views. Real estate develop-
ers bid up the price of attractive building sites,
enriching a few farmers but triggering higher
taxes for their neighbours.

While this was going on, the Green Revolu-
tion was running into unexpected problems in
the countryside. Ironically, the same landscape
features that attracted the tourists — the trad-
itional rice terraces and temples — were perceived
by consultants to be potential obstacles to the
modernization of Balinese agriculture. This story
is well known from many publications, so the
summary here will be brief (for an overview see
Lansing and de Vet, 2012). In Bali, the Green
Revolution meant the replacement of slow-growing
native rice with fast-growing high-yielding var-
ieties (HYVs). HYV rice was bred to make effi-
cient use of chemical fertilizer and promised to
double rice yields if sufficient fertilizer was ap-
plied. To achieve these gains, it was also neces-
sary to speed up the cropping cycles. Before the
advent of the Green Revolution, irrigation flows
were pegged to calendrical cycles, which pro-
vided a template for annual cycles of festivals
and rituals linking the villages to their fields and
to the perceived cyclical rhythms of the natural
world. The Balinese calendar is famous among
scholars for its mathematical precision: like the
Mayan calendar, it tracks time not as a single lin-
ear sequence of days and months, but rather by
multiple interlocking cycles of different-sized
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weeks, which are linked to the lunar month and
solar year (Liefrinck, 1969a). To obtain max-
imum yields from HYV rice, it was necessary to
set this calendar aside, to permit continuous
(unscheduled) rice cropping. Consultants to the
Green Revolution programmes suggested that
the traditional calendar could still be used to
schedule rituals in the temples and fields, but the
link to the actual cycles of water flows and rice
growth had to be broken.

This policy inadvertently triggered an eco-
logical crisis. Continuous rice cropping provided
rice pests with an uninterrupted food supply and
by 1985 Balinese agricultural experts reported
that their numbers had exploded (Lansing,
2007). When irrigation flows stopped being
timed by calendrical cycles, they became unpre-
dictable. It soon became apparent that even mas-
sive doses of pesticides could not control the
pests, whereupon nearly all subaks quietly re-
turned to the traditional calendrical timing of
irrigation, adjusted to fit the growth cycles of the
new rice. For agricultural experts and planners,
this return to traditional farming practices
looked like conservative resistance to agricul-
tural modernization. As the American engineer
in charge of the ADB irrigation project remarked
in 1985, ‘They don’t need a high priest, they
need a hydrologist.’

The view of subaks as obstacles to agricul-
tural modernization was soon to change. A 1988
World Bank study of the environmental impact
of agrochemicals in Bali was highly critical
(Machbub et al., 1988). In 1992 the post-evalu-
ation office of the ADB faulted their Bali Irriga-
tion Project for bypassing the subak system,
noting: ‘The cost of lack of appreciation of the
merits of the traditional regime has been high.’
The report concluded that ‘the issue has to be
raised whether the Government should continue
to be involved in the irrigation sector in Bali or
whether the farmers would benefit more without
government involvement’ (Anonymous, 1992).

While planners and consultants debated
the lessons to be learned from the Green Revolu-
tion in Bali, the problems of the subaks were also
becoming a growing concern for the provincial
government. In 2004 the national government
required all provincial governments to create
20-year development plans. Plans for assistance
to the subaks took on a significant role in the
Long-term Development Plan for Bali 2005-2025,

which began to be implemented in 2006. This
plan proposed direct subsidies for subaks from
both the provincial (Bali) and regional (district
or Kabupaten) governments. The initial annual
amounts for each subak were targeted at
US$1550 from the provincial government and
US$260 from the district governments. By 2012
these subsidies had risen to US$2575 and
US$310, respectively. To be eligible for these
funds, subaks had to submit annual proposals
and account for their expenditures. One-quarter
of these funds was allocated to ‘creative eco-
nomic’ initiatives; the rest was designated for
the support of Tri Hita Karana (Pedersen and
Darmiasih, 2015).

Indigenous Knowledge: Tri Hita
Karana and the Subaks

Tri Hita Karana (THK) is a Sanskrit religious for-
mula, translated literally as ‘three causes of
prosperity (or goodness)’. Since 1966, THK has
frequently been cited by Balinese planners and
religious authorities to signify the interdepend-
ence of humans (pawongan), nature (palemahan)
and spirit (parhyangan) (Pedersen and Darmiasih,
2015). The Long-term Development Plan for Bali
stated that THK is exemplified by the subaks. This
had far-reaching consequences. Firstly, by advo-
cating direct government support for subak
temples and temple rituals, it signalled an end
to the argument that these were an obstacle to
development. Secondly, it upheld THK, as exem-
plified by the subak system, as a model for the
whole of Balinese society. Thirdly, it implied that
the well-being of the subaks was important for
the survival of the Balinese way of life. Thus the
Long-term Development Plan affirmed the import-
ance of the subak system and offered a roadmap
for government support.

For the subaks, THK is more than a general
philosophical principle or goal. Instead it con-
nects specific social groups with specific features
of the natural landscape, by means of specific
temples and ritual activities. The responsibilities
of each subak to sustain THK are connected to
the management of its lands and waters. Each
subak has its own water sources, irrigation works
and temple networks, and well-defined relation-
ships with other subaks and villages. To belong to
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a subak is to accept specific rights and responsi-
bilities, which vary between subaks and are often
encoded in traditional law books (awig-awig). As
the Green Revolution showed, the resulting co-
ordinated system of management has immedi-
ate practical benefits for efficient irrigation flows
and pest control. And for the reasons discussed
below, it is based on the capacity of the subaks for
self-governance.

Traditional autonomy of the subaks

Subaks are autonomous water-user groups that
include both physical infrastructure (irrigation
structures including weirs, canals and diver-
sions) and temples and shrines. The physical,
social and religious aspects of the subaks are in-
separably connected (Windia, 2012). Subaks are
not under the formal control of villages and their
physical boundaries are seldom identical with
those of villages. Instead subak boundaries are
based on hydrology and may extend across more
than one sub-district. This occurs when (as is
usually the case) the source of irrigation water is
located far enough upstream from the terraces
that the canals must pass through neighbouring
villages (Fig. 15.1). The size and location of subaks
depend on the availability of water. In contrast,
villages are residential communities. On the
other hand, subaks and villages are not entirely
separate and they often share responsibility for
particular activities (Windia, 2012). Membership
in either a subak or a village brings responsibilities

to care for their physical well-being as a sacred
responsibility (pangempon). Village lands are usu-
ally owned collectively and passed on by inherit-
ance. Village temples define a sacred topography
and families are responsible for contributions to
the annual cycle of village temple rituals. Simi-
larly, ownership of rice fields in a subak brings re-
sponsibilities for the performance of rituals in the
subak temples, as well as the upkeep of the irriga-
tion works. Not infrequently, some subak rituals
are performed in village temples, but the distinc-
tion between subak and village membership (and
responsibilities) is always clear.

Most subaks also coordinate both irrigation
and ritual activities with other subaks, which en-
ables them to manage the ecology of the rice ter-
races on a larger scale. These practices also
sustain the administrative separation of subaks
and villages. Typically, groups of subaks that
share water from the same sources belong to a
larger congregation (subak gede, or greater subak),
which coordinates water management and rit-
uals at the temple constructed near the weir. At
a higher level, several subak gede may cooperate
in water management and temple rituals at the
river or watershed scale.

The existence of subaks as autonomous
water-user groups is evident from some of the
earliest known historical records from Bali,
which were royal inscriptions issued by Balinese
kings. The oldest Balinese text (Royal inscription
Sukawana A 1, dated ap 882) mentioned irri-
gated rice fields, and the third inscription (Bebetin
A 1, dated ap 896) mentioned irrigation tunnel

|Subaks B1, B2 and B3

Fig. 15.1. Why subak and village (desa) boundaries are not identical.
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builders. The first appearance of the term subak
occured in the Pandak Bandung inscription of
AD 1071. The following year, the Klungkung C
inscription included a royal order calling for the
re-measurement of the rice fields of the subak of
Rawas, and listed the irrigated areas that belonged
to this subak, which were located in at least 18
communities (Lansing et al., 2009). As archae-
ologist Jan Wisseman Christie noted, ‘the spatial
distribution of Balinese irrigation canals, which
by their nature cross community boundaries,
made it impossible for irrigation to be handled at
a purely community level’ (Christie, 1992).
After the conquest of north Bali by the Dutch in
the 19th century, colonial officials also empha-
sized the autonomy of the subaks. After survey-
ing the conquered kingdoms in the 1880s, a
senior Dutch colonial official FA. Liefrinck con-
cluded: ‘The explanation of the amazingly high
standard of rice cultivation in Bali is to be found
in Montesquieu’s conclusion that “the yield of
the soil depends less on its richness than on the
degree of freedom enjoyed by those who till it
(Liefrinck, 1969Db, translated from 1887 report
in Dutch).

This view was later echoed by Bali’s great
ethnographer, V.E. Korn, who wrote in 1932:
‘Even an author like Dr. Julius Jacobs (who
visited Bali in the 1880s), who has hardly any
good words for Bali, feels obliged to express his
admiration for the functioning of irrigation on
the island. He writes: “the irrigation works are
excellent and the manner for sharing the
water among different owners of the sawahs is
organized in an exemplary way; each subdiv-
ision of these works is under the immediate
supervision of the klijan soebak [subak head],
who cares for the regular sharing of the water,
while a sedahan takes in the taxes on the
water”. Korn (1932) continued: ‘The care for
these excellent irrigation works and the exem-
plary regular sharing of the water across the
sawahs of the various parties who are entitled
to it, is almost entirely in the hands of the irri-
gation societies.’

Collective management: ‘The voice
of the subak is the voice of God’

The ancient tradition of autonomous self-
governance by the subaks continues today. Subaks

meet regularly to make decisions ranging from
water management and pest control to the or-
ganization of water temple rituals. Although
each subak functions independently, subaks
also routinely engage in voluntary cooperation
with other subaks. As E.J. van Naerssen, a
Dutch irrigation engineer, reported a century
ago, ‘if due to lack of water not all areas can
get water, then they create a turn-taking which
is decided upon during the monthly meetings’.
Van Naerssen (1918) also noted that down-
stream subaks routinely ‘borrow water’ from
upstream subaks, a practice that continues
today. For example, the head of subak Gadon 1
in Tabanan remembered borrowing water
from distant upstream neighbours in 1988/9,
quoting the proverb that ‘come better or worse
we're together’. This entailed an agreement ex-
tending upstream from the Gadon dam to the
dams of Tapesan, Sungsan and Cangi. The fol-
lowing year, the Gadon subaks moved up their
planting schedule to allow their upstream
neighbours to obtain more water during the
dry season and so repay the loan (Lansing and
deVet, 2012).

Ritual plays a vital role in the activities of
the subaks, but not as a simple expression of
faith in THK or other religious principles. In-
stead subak rituals organize the cycles of col-
lective labour in the fields. These include not
only rites performed by individual farmers like
Nuasen (planting), but also large rituals that
bring together multi-subak congregations, like
Mapag Toyo (greeting/opening the water) and
Nangluk Merana (controlling pests). Subaks
elect their own leaders, whose duties include
collecting fines from farmers who have not
met their obligations. Leaders are usually
chosen by unanimous consent, and once the
subak has made its choice, this honour is not
easily refused, because ‘the voice of the subak
is the voice of God'. Theft is regarded as a reli-
gious offence and is subject to religious sanc-
tions. A farmer or subak leader who has been
accused of theft may be asked to swear this
oath in a temple: ‘If I speak falsely, may a curse
fall on my family for seven generations.” Un-
surprisingly, theft is rare. The perennial rites
of the subaks are intended to ‘make the foun-
dations strong’ (negteg linggih) and are con-
sidered to be beneficial for the whole of the
Balinese world.
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Tri Hita Karana as a World Cultural
Heritage

InJune 2012, the relationship between THK and
the subaks was elevated to become the guiding
principle for a UNESCO World Heritage Cultural
Landscape: ‘The Subak system as a manifestation
of the Tri Hita Karana Philosophy’. UNESCO cited
two key reasons for endorsing the new World
Heritage designation: (i) celebrating the ‘out-
standing universal value’ of the subaks; and (ii)
helping to conserve them in the face of imminent
threats to their sustainability (UNESCO, 2012).
As is common in many UNESCO sites, these two
goals were in some respects in conflict. National
governments actively compete to secure World
Heritage recognition from UNESCO, which al-
most invariably increases tourism. But the expan-
sion of tourism is often one of the major threats to
the sustainability of the chosen sites. This was
particularly true in the case of the subaks.

In Bali, taxes on agricultural land are based
on the sale price of nearby parcels; consequently
the sale of even small parcels to developers can
trigger skyrocketing land taxes for their neigh-
bours, creating a domino effect of land sales as
the neighbours find that the value of their rice
harvests is no longer sufficient to pay their taxes.
Subaks that escape this problem are not immune,
because they must compete for water with the
hotels and other tourist facilities, and the tour-
ism-fuelled urbanization of Bali. Finally, tourism
offers service industry jobs that usually pay bet-
ter than agricultural labour, and the price of
Green Revolution rice is kept low as a matter of
national policy.

The most direct indication of the effect of
these threats to the sustainability of the subaks is
the rate of their disappearance. According to the
Bureau of Statistics in Bali, during 2005-2009
approximately 1000 ha of subak rice terraces
were converted to other uses every year. Since
then, agricultural extension staff estimate that
this rate has approximately doubled. In 2012, at
the time of the World Heritage inscription, the
total area of irrigated rice fields in Bali was ap-
proximately 80,000 ha, down from about 86,000
ha in 2000. Three subaks located near the capital
city of Denpasar recently ceased to exist.

The Management Plan for the World Heri-
tage landscape that was approved by UNESCO

sought to address this crisis of sustainability by
establishing a Governing Assembly composed of
the elected heads of the subaks and villages inside
the World Heritage landscape. With assistance
from a professional Secretariat, the Governing
Assembly was designed to empower the subaks to
address the crisis of sustainability, as explained
in the Management Plan (UNESCO, 2012):

The structure of the Governing Assembly includes
the professional Secretariat, headed by an
appointed Secretary who oversees the work of three
units: Planning; Monitoring and Evaluation; and
Finance and Human Resources. Each of these units
includes at least one full-time professional staff
person. To ensure effective liaison with Provincial
and Regency-level government departments,
part-time staff from relevant departments are
also appointed to two of these units. ...

The Governing Assembly is designed to
function as a learning institution, with the
capacity to mobilize, synthesize and make
decisions based on different knowledge and
operational systems, ranging from the
traditional management systems of the subak to
recent and successful work by Bali’s Department
of Agriculture to promote organic rice farming
and monitor the social and ecological outcomes
of these efforts. ...

Strategic priorities for implementation are:

. Ongoing support for the role of subaks in
sustaining Tri Hita Karana;

e  Livelihood protection and enhancement

[ Conservation and promotion of ecosystem
services

e  Conservation of material culture

e  Appropriate development of cultural
tourism and education

e Infrastructure and facility development.

However, this management plan was not
implemented. Although various committees
were formed to oversee the World Heritage land-
scape, none of them included the elected repre-
sentatives of the subaks. There was also a
problem with funding. The World Heritage land-
scape was officially listed by UNESCO on 29
June, 2012, but the government budget for
2012 had already been allocated and the budget
for fiscal 2013 was finalized in 2012. Conse-
quently, funding was not available until 2014.
With no governance structure in place, the rate
of land conversion in the World Heritage subaks
increased as developers sought to capitalize on
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the World Heritage status. In 2014, the UNESCO
World Heritage Committee responded to these
issues, stating that it:

1. Notes with concern that the vulnerabilities
of the cultural landscape that were acknow-
ledged at the time of inscription, and the need to
support the traditional practices of the subak
communities through their engagement in the
management of the property, have not been ad-
dressed clearly;

2. Regrets that the laudable governance struc-
tures and Management Plan developed with the
nomination have not been fully put in place and
implemented, and that incentives and subsidies
to support prosperous rural livelihoods and
strong subak institutions, and land use regula-
tions to prohibit inappropriate development
within the property, have so far not been de-
livered as envisaged,;

3. Urges the State Party to operationalize the
Governing Assembly which incorporates the
traditional practices underpinning the property
as envisaged in the Decree of 2010, as soon as
possible, and include in its membership repre-
sentatives of the subak communities;

4. Also urges the State Party to allow the Gov-
erning Assembly to implement the approved
Management Plan, as set out at the time of inscrip-
tion, in order that the various multi-disciplinary
Action Plans based on agreed Strategic Priorities
can be delivered.

Indonesia responded with a State of Con-
servation Report in 2014. The report noted that
a Management Coordination Forum (MCF) for
the World Heritage landscape was created by the
Governor of Baliin 2014 (Gubernatorial Decree
No. 11/03-H/HK/2014). However, the MCF did
not include the elected representatives of the
subaks. Instead, it was made up of government
departments as well as academic experts, insti-
tutes and museums. Subak leaders expressed
their disappointment with the MCF to an evalu-
ation team from UNESCO, and in 2015 UNES-
CO’s World Heritage Committee reiterated its
concerns (UNESCO, 2015):

The World Heritage Committee notes with
concern that the pressure for land conversion
remains significant, creating a considerable
vulnerability that is challenging the ability of
the authorities to sustain Outstanding Universal
Value and that, although it was envisaged at the

time of inscription that there would be full
engagement of the subak farming communities
with the Governing Council for the effective
implementation of the management plan, this
seems not to have been effectively implemented.

In summary, the problems that now threaten
the subaks originated in the 1970s with the Green
Revolution and the expansion of tourism. Al-
though both tourism and Green Revolution rice
had positive benefits for the economy of Bali, their
success also created unexpected difficulties. The
goal of the ADB’s Bali Irrigation Project in the
1980s was to increase rice production and farm
incomes. In the end, the ADB'’s final evaluation
team concluded, ‘The cost of lack of appreciation
of the merits of the traditional regime has been
high,” noting that ‘Bali irrigators and their subak
organizations attach the utmost importance to
equitable water sharing and to participatory
decision-making’ (Anonymous, 1992).

In 2012, Bali's UNESCO World Heritage
cultural site had been created to help preserve
the subaks and their ‘indigenous knowledge’, co-
dified as Tri Hita Karana. After UNESCO approved
the nomination, planners concluded that these
goals could best be achieved by bypassing the
traditional governance system of the subaks. The
need for ‘capacity building’ in the subaks was cit-
ed by foreign consultants promoting the substi-
tution of the Management Coordination Forum
for the Governing Assembly of subak leaders.
However, when asked, subak leaders consistently
express a preference for doing their own capacity
building.

Modelling the Functional
Role of the Subaks

The Green Revolution inadvertently exposed the
vital functional role of the subaks, by temporarily
halting their management of irrigation in order
to speed up cultivation cycles. The subaks were in
effect taken offline for several years, an experi-
ment that soon revealed the basis of their em-
phasis on the timing of irrigation flows. Paddies
must be flooded and drained to deliver nutrients
and promote plant growth, while also control-
ling weeds and rice pests. Synchronized harvests
can reduce pest populations by removing their
habitat, but for this to work the geographical
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extent of the fallow period must be large enough
to prevent the pests from migrating to fields that
are still in cultivation. The larger the area that is
encompassed by the post-harvest flooding, the
fewer are the pests, but if too many subaks try to
flood their fields at the same time, there will not
be enough water. Thus the timing of irrigation
involves a trade-off between preventing water
shortages versus pest infestations.

Lansing and Miller (2005) developed a for-
mal model to try to capture the dynamics of this
trade-off in a two-player game, where the play-
ers may be considered to be either individual
farmers or whole subaks. One subak is located up-
stream of the other and so controls the flow of
water. The subaks can adopt one of two possible
cropping patterns, A or B (for example, A could
fix planting dates for 1 January and 1 May, while
B plants on 1 February and 1 June). The water
supply is assumed to be adequate for both subaks
if they stagger their cropping pattern, but if both
plant at the same time, the downstream subak
will experience water stress and its harvests will
be somewhat reduced. Assume further that pest
damage will be higher if plantings are staggered
(because the pests can migrate from one field to
the next) and lower if plantings are synchron-
ized. Let p (O < p < 1) represent the damage
caused by the diffusion of pests between the
fields, and w (0 < w < 1) represent the damage
caused by water shortage. Given these assump-
tions, the payoff matrix is as in Table 15.1,
where U and D designate the actions of the up-
stream and downstream subaks respectively.

Here the first number in each cell is the pay-
off for the upstream subak and the second is the
payoff for the downstream subak. For example, if
both plant on schedule A, the payoff for the up-
stream subak is 1, but it is 1-w for the down-
stream subak because of insufficient irrigation
water.

Several conclusions follow from this simple
model. The upstream subaks are never affected

Table 15.1. Payoffs for synchronized or
unsynchronized irrigation schedules for upstream
(U) and downstream (D) subaks.

DA DB

UA 1, 1-w
uUB 1—p, 1-p

by water stress, but their downstream neigh-
bours may be. (This is known to rural sociolo-
gists as the ‘tail-ender’ problem: the farmers at
the ‘tail end’ of an irrigation system are at the
mercy of their neighbours upstream, who con-
trol the irrigation flow.) However, the upstream
farmers do care about pest damage, because
pests, unlike water, can often move upstream. So
a strategy of synchronized cropping patterns to
control pests will always produce higher yields
for the upstream subaks. When p > w, the down-
stream player will also achieve higher yields by
synchronizing. Note that if he does so the aggre-
gate harvest is higher (i.e. the total harvest for
both farmers goes up). If p < w, the upstream
farmer does better by staggered planting, which
eliminates his water shortage. Interestingly, add-
ing more pests to the fields until p > w actually
increases the aggregate harvest for the pair of
subaks, because it encourages the upstream
farmer to cooperate in a synchronized schedule
(even though he must give up some water). But
if the farmers are not worried about pests, the
upstream player has no incentive to give up
some of his water.

Based on this logic, behaviour in accord-
ance with the model may be predicted. In gen-
eral, the downstreamers should prefer greater
offsets in irrigation schedules and be willing to
accept higher losses from pests as a result, up to
p > w. The upstreamers, meanwhile, should be
willing to give up some of their water to enable
the downstreamers to synchronize their irriga-
tion schedule. Both then benefit from a coordin-
ated fallow period and consequently fewer pests.
Put another way, the presence of pests in the
ecosystem gives the downstream farmers a bar-
gaining lever they can use to persuade their up-
stream neighbours to give them the water they
need to avoid shortages.

We tested these predictions in two surveys,
by asking farmers: ‘Which is worse, pest damage
or water shortages?’ The results from the first sur-
vey performed in 1998 are shown in Table 15.2.
In 2010 we repeated this survey in a different
part of Bali, with similar results: upstream farm-
ers tend to worry about pests, while downstream
farmers are more concerned about water short-
ages (P =0.032) (Lansing et al., 2014). Thus the
threat of increased pest damage from down-
stream neighbours provides an incentive for up-
stream farmers to synchronize their irrigation
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Table 15.2. Responses of 117 farmers in 10
subaks in the Gianyar Regency to the question,
‘Which is worse, pest damage or water shortages?,
according to the location of their fields within the
Subak (Pearson’s chi-squared 14.083, P < 0.001).

Location of farm  Pest damage Water shortage

Upper 20 18
Middle 8 29
Lower 7 35

schedules. But if the synchronized patches grow
too large, water stress will increase. How suc-
cessful are the subaks at solving this problem?

A watershed-scale model

Using empirical data on the location, size and
field conditions of 172 subaks in the watershed
of the Oos and Petanu rivers in southern Bali in
1987/8, we modelled changes in the flow of irri-
gation water and the growth of rice and pests as
subaks decided whether to cooperate with their
neighbours (Fig. 15.2). In this model, each subak
behaves as an adaptive agent that seeks to im-
prove its harvest by imitating the cropping pat-
tern of more successful neighbours. The model
simulates the flow of water from the headwaters
of the two rivers to the sea, at monthly intervals.
The amount of water available for any given sub-
ak depends on seasonal patterns of rainfall and
groundwater flow, and the amount of water di-
verted by upstream subaks for their own needs.
As a new year begins, each of the 172 subaks is
given a planting schedule that determines which
crops it will grow and when they will be planted.
As the months go by, water flows, crops grow
and pests migrate across the landscape. When a
subak harvests its crop, losses due to water short-
ages or pests are tabulated. At the end of the
year, aggregate harvest yields are calculated for
the subaks. Subsequently, each subak checks to
see whether any of its closest neighbours got
higher yields. If so, the target subak copies the
cropping schedule of its (best) neighbour. If
none of the neighbours got better yields, the tar-
get subak retains its existing schedule.

When all the subaks have made their deci-
sions, the model cycles through another year. These
simulations begin with a random distribution of

cropping patterns. After a year the subaks in the
model begin to aggregate into patches following
identical cropping patterns, which helps to re-
duce pest losses. As time goes on these patches
grow until they overshoot and cause water
stress, causing patch sizes to become smaller.
Yields fluctuate but gradually rise. The pro-
gramme continues until most subaks have dis-
covered an optimal cropping pattern, meaning
that they cannot do better by imitating one of
their neighbours.

Experiments with this model indicate that
the entire collection of subaks quickly settles
down into a stable pattern of synchronized crop-
ping schedules that optimizes the trade-off be-
tween pest control and water sharing. In the
model, as patterns of coordination resembling
the water temple networks emerge, both the
mean harvest yield and the highest yield in-
crease, while variance in yield across subaks de-
clines (Fig. 15.3). In other words, after just a few
years of local experimentation, yields rise for
everyone and variation in yields declines. Subse-
quent simulations showed that if the environ-
ment is perturbed, either by decreasing rainfall
or by increasing the virulence of pests, a few sub-
aks change their cropping patterns, but within a
few years a new equilibrium is achieved.

To validate the model, we undertook a field
survey and obtained 2 years of data on hydrol-
ogy, actual planting schedules and harvest yields
from August to December 1988 for 43 of the
172 subaks included in the model. We calibrated
the model with this data and compared the
simulated and reported rice harvests for two
harvests for 72 subaks in Baliin 1989 (Fig. 15.4).
The accuracy of the model improved from the
first crop of the year (r = 0.85) to subsequent
harvests (r = 0.96), because as time proceeded
the accuracy of the pest sub-model increased
(when the simulation starts, pests are at back-
ground levels, and it takes time for the effects of
synchronized cropping to affect population
levels). Considering the simplicity of the model,
yields per hectare were also well correlated with
r = 0.5. To eliminate the possibility that the
model results were simply not responsive to vari-
ations in cropping plans, we ran additional
simulations in which we disrupted the local co-
ordination implicit in the planting schedules fol-
lowed by the subaks in 1989. When the cropping
patterns were randomized but the actual crops
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“ Catchment basin
Dam

River

Subak

Water temple

Fig. 15.2. Subaks, rivers and irrigation systems along the Oos and Petanu rivers of southern Bali.
Traditionally, each subak is free to choose its own irrigation schedule. By synchronizing irrigation with
different-sized clusters of neighbouring subaks, crop losses due to pests or water shortages can be
avoided. Map is not to scale, subaks are not rectangular, and many more water temples exist than are
depicted here. (From Lansing, 2007, p. 119. A free version of this model can be downloaded from https://

github.com/marsOQi/bali)

planted remained the same, the correlation for
the second crop in 1989 dropped from 0.50 to
0.01 (Lansing and Kremer, 1993).

This model captures an evolving feedback
relationship between the decisions of the subaks
and the responses of the environment. Simple

trial-and-error at the local level produces a
patchwork of synchronized irrigation schedules
which over time improves harvests and also
reduces variance in harvests. The reduction in
variance is potentially significant, because
large differences in harvests could discourage
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cooperation by farmers with suboptimal har-
vests. These simulated results are supported by
responses from farmers to another question in
the survey: 97% stated that their own harvest is
about the same as that of the other farmers in
their subak (Lansing, 2006).

Conclusion: Tri Hita Karana

In the models described above, the beliefs of the
subaks and Tri Hita Karana play no role. Instead,
adaptive agents merely imitate their neighbours
with the goal of improving harvests. In reality,
more is required. Balinese irrigation systems
consist of physically fragile tunnels, canals and
aqueducts, which often extend for several
kilometres, require constant maintenance and
are vulnerable to water theft. While the models
provide some insight into the functional structure

1600

Observed harvests (tons rice @ subak)

with actual rice harvests by subak in
1988-1989 for 72 (of 172) subaks in the
Oos—Petanu watershed.

of this system, they do not account for the high
levels of cooperation, planning and social invest-
ment that are required to sustain it.

Part of the answer lies in the secular insti-
tutions of the subaks. Subaks are self-governing
assemblies of farmers, which hold regular meet-
ings and assess fines on members who do not
abide by their decisions. However, in surveys,
farmers report that punitive fines and sanctions
are seldom needed. From their perspective, the
most important responsibility of the subaks is the
performance of calendrical rites in water tem-
ples. By encouraging the farmers’ awareness of
their shared dependence on one another and the
gods, these rites clearly have functional signifi-
cance. In the model, the key to the emergence of
global functional structure is the ability of each
subak to respond to local ecological feedback in-
volving just two parameters: pests and water.
This mathematical analysis might seem suspi-
ciously simple, given the obvious complexity of
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the Balinese landscape, but it received a measure
of empirical support when government agricul-
tural policies severed the local feedback chan-
nels, resulting in the almost instantaneous
collapse of rice harvests.

A functional perspective is less useful in
understanding the principal tool used by the
farmers to manage the ecology of the rice ter-
races: the agricultural calendar. This hybrid de-
vice grafts a permutational calendar of 10
concurrent weeks, which vary in duration from
1 to 10 days, to the ancient Indian luni-solar
Icaka calendar. It enables groups of subaks to or-
ganize complex interlocking irrigation sched-
ules, involving different combinations of water
turns and planting schedules, and provides a
template for irrigation management. Over the
centuries the uses of this calendar have ex-
panded to encompass many other phenomena
besides irrigation, including musical notation
and cosmology. The historical development of
this elaborate concept of time and its successive
application to many aspects of the phenomenal
world is not well captured by a functional per-
spective. Instead, it appears to reflect what G.W.E.
Hegel (1770-1831) described as the desire of
Reason to make the world congruent to itself. Tri
Hita Karana is more than an expression of coupling

between social and environmental processes; it
maps them on to an abstract concept of divine
order created by interlocking cyclical patterns
(Lansing et al., 2011). As the greatest Roman
pastoral poet observed, ‘felix qui potuit cognoscere
causas . .. fortunatus et ille deos qui nouit agrestis (it
is well for one to understand causes ... fortunate
also to comprehend the gods of the countryside)’
(Virgil, Georgics 2:490).
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16 Indigenous Agriculture
and the Politics of Knowledge

Alder Keleman-Saxena,* Samara Brock, Luisa Cortesi, Chris Hebdon,
Amy Johnson, Francis M. Ludlow and Michael R. Dove

In agriculture, as in other arenas, the 20th century
was a period of sweeping technological change.
This period saw the introduction and widespread
adoption of Green Revolution technologies, in-
cluding synthetic chemical fertilizers and pesti-
cides, hybrid seeds and, in the late 20th century,
genetically modified crops. In parallel, national
governments and international organizations
undertook major infrastructural projects, includ-
ing the construction of dams and irrigation sys-
tems, which both changed the possibilities of
agriculture and had major environmental and
social impacts. These trends have underpinned
paradoxical outcomes: while agricultural output
has vastly increased (Evenson and Gollin, 2003),
dietary quality has not necessarily improved
apace. Human diets have undergone significant
homogenization, now consisting primarily of
three major staple crops (Khoury et al., 2014).
Critics of the Green Revolution point out that it
created the conditions for unprecedented envir-
onmental damage and social marginalization
(Gupta, 1998; Tsing and Greenough, 2003). In the
early 21st century, the contradictions sparked by
these trends persist, with agriculture threatening
damage to the environment, social relationships
and human health, just as it offers opportunities
for more socially and ecologically sustainable
outcomes.

The push for greater integration of ‘trad-
itional’ or ‘indigenous’ agricultural practices
and forms of knowledge into agricultural devel-
opment has received renewed attention in the
context of current calls to make agriculture
more environmentally and socially sustainable.
With the advance of climate change, formal-sector
agricultural technologists increasingly recognize
that the defining features of future agricultural
production and natural resource management
are likely to be variability and unpredictability,
both between annual cycles and within years.
As such, the current push is to develop agricul-
tural technologies, like ‘sustainable intensifi-
cation’ or ‘climate smart agriculture’, which
make better use of scarce land, water and
other resources and respond dynamically to
changing conditions. In many ways, these new
initiatives mimic traditional agricultural sys-
tems, a key function of which is the buffering
of farm households from risks posed by wea-
ther, the market, or other unforeseen events
(cf. Firth, 1959; Bellon, 1996). Historically,
such systems seldom functioned on production-
maximizing logics, but were rather embedded
in social systems promoting ‘moral ecologies’,
balancing the immediate food harvests with
longer-term sustainability (Yapa, 1993; Dove
and Kammen, 1997).
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In the face of current environmental threats,
many developers of agricultural technology are
now trying to adopt principles of risk-buffering
and sustainable increase. However, as argued in
this chapter, integrating these spheres of know-
ledge and practice requires more than a simple
mechanical overlapping of techniques and tech-
nologies. Researchers and practitioners inter-
ested in actively supporting new approaches to
agriculture co-developed with traditional or indi-
genous agricultural knowledge (TIAK) must pay
close attention to the politics of knowledge. Below,
we provide a brief background on how political
currents have historically been reflected in the de-
velopment of agricultural technologies, and we
draw on case studies to demonstrate the political
aspects of the recognition, valuation and imple-
mentation of knowledges that might be defined as
‘traditional’ or ‘indigenous’. These case studies
draw on the fieldwork and analysis of Ludlow
(Ireland), Dove (Indonesia), Cortesi (India) and
Hebdon (Ecuador).

Read together, these cases underscore key
points relevant to understanding the politics of
TIAK. They highlight the fact that not all suc-
cessful agricultural practices are easily visible,
nor are all forms of innovation equally recog-
nized. They point out that when agricultural
technologies and practices circulate, they do not
always circulate unchanged, and they highlight
that agricultural knowledge and practice do not
operate in isolation, but rather are mediated by
state, non-governmental organization (NGO)
and market actors. We expand on these com-
mon threads in the final section, and conclude
by offering observations about the implications
of these cases for new and ongoing research in
agricultural development and natural resource
conservation.

The Politics of Indigenous Knowledge
in Agricultural Technology Development:
Conceptual Framework

In the social sciences, the concept of politics goes
beyond the limited sphere of the formal competition
among political parties for citizens’ votes. Rather,
social science theorists have broadly understood
‘politics’ to be a question of the competition for —
and disposition of —power between and among social

groups and actors.! A range of definitions — from
the ‘macropolitics’ of institutions and bureau-
cracies, to the ‘micropolitics’ of, for example, the
policing of one’s own or one’s peers’ behaviour
— have utility for understanding the relationship
of indigenous knowledge and practices to 20th
century agricultural development.

Agriculture, and the management of nat-
ural resources associated with agricultural pro-
duction, represents a concrete form of power.
Agriculture generates material resources that
contribute to subsistence, that underpin the
collection of state surpluses via taxation and
that are the material object of trade relation-
ships among groups. Further, the practices of
agriculture may generate key forms of sym-
bolic power, expressed in relationships between
individuals and within groups. Symbolic power
may be enacted discursively and socially, for ex-
ample, through the moral condemnation of
a given farmer’s ‘poor practices’ by another
farmer, another ethnic group, or the lens of for-
mal science.

In agriculture practised within the purview
of state bureaucracies, these discursive designa-
tions have material effects, functioning in a feed-
back loop with policy. While the forms of
agriculture that are noticed and approved of re-
ceive research investment and material support
through subsidies or enabling regulations, those
forms of agricultural practice that remain
unacknowledged, or are tacitly disapproved of,
are subject to neglect or active discouragement
through policy mechanisms. From fine-grained
aspects of the care of plants and land to aggre-
gate patterns of influence and policy making,
agricultural practices, technologies and power
politics are intertwined.

Within this context, the characterization,
categorization and implementation of ‘indigen-
ous’ or ‘traditional’ forms of agricultural know-
ledge are highly political. In agricultural research
and development, forms of knowledge that re-
ceive the designations of ‘indigenous’ or ‘trad-
itional’ tend to be those that are responsive or
reactive to locally specific conditions and that de-
rive from place, context and lived experience.
These knowledges often build inductively from ex-
perience to abstraction. Meanwhile, ‘formal’
knowledge is usually defined by deduction and
hypothesis-testing, and the application of ab-
stract concepts to specific circumstances.? Due to
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these differences, formal science, often character-
izes TIAK as ‘pre-scientific’ or ‘unreliable.” Fur-
ther, as a function of their association with
specific histories of place and ethnic groups,
knowledges that are ‘indigenous’ are by definition
judged not to be cosmopolitan, malleable, or re-
sponsive to change. As such, the characterization
of a certain body of knowledge or practices as ‘in-
digenous’ is something of a double-edged sword:
while on the one hand, this characterization may
confer legitimacy, on the other, it may also pos-
ition that knowledge and its holders as back-
wards, static, or antiquated, placing them at a
disadvantage in relation to formal science.

Precisely whose knowledge is recognized as
TIAK is also a political question. In multi-ethnic
contexts, although many groups may be able to
make similar claims to indigeneity, one group
may be better able than another to access the
benefits associated with this designation, as Li
(2000) described in detail in the comparative
cases of the Lindu and Lauje groups in Indonesia.
In Li’s case, the claim and recognition of indige-
neity conferred benefits on the more affluent,
lake-based Lindu group, who were able to advo-
cate on their own behalf against a major hydro-
power project. However, in other contexts, the
recognition of indigeneity may also constrain the
forms of action available, as in Shah’s description
of the ‘eco-incarceration’ of adivasi groups in the
state of Jharkand, India (Shah, 2010).? Notably,
even the distinction between ‘formal’ scientific
and ‘informal’ indigenous knowledge may be
problematic. Agrawal (1995) pointed out that,
when viewed up close, the categories of know-
ledge described as ‘indigenous’ and ‘scientific’ are
not internally coherent, but rather are highly di-
verse. At the level of specific knowledge systems,
these designations may hold more similarities
across categories than within them.

The effects of these political currents can be
seen in the development of 20th century agri-
cultural technologies. For example, in the 1980s
and 1990s, various authors criticized the role of
state-run experimental stations in generating
information that was useful and relevant within
only a certain set of knowledge parameters
(Ceccarelli, 1989; Lipton and Longhurst, 1989;
Tripp, 1997). Experimental stations, sited in fa-
vourable lands and managed under the best pos-
sible conditions, often represent an ‘ideal type’
of what, in the eyes of formal science, agriculture

should look like; but observers note that the
‘wide adaptation’ in formally bred crop var-
ieties that these stations seek to underpin may
not encompass the necessities of poor farmers
cultivating land in marginal environments
(Ceccarelli, 1989). Further, the strict basing of
regulations for the labelling and sale of ‘for-
mally’ improved seed on results from these
experimental stations may make it impossible
for less common varieties — or varieties that
underperform on experimental stations but do
well in other environments — to be recognized
as saleable, reliable seed (Tripp, 1997). Such
confluences of technology development and
legal regulatory frameworks effectively mar-
ginalize technologies, knowledges and genetic
materials emerging from place-based agricul-
tural practices and instead favour the tech-
nologies generated by ‘formal’ science and its
associated actors.

As in the case of the testing and registra-
tion of formal seed, when indigenous know-
ledge and ‘formal’ knowledge are juxtaposed,
their merits are often judged on narrow tech-
nical terms, or in terms of market value, with
little reference to historical, environmental or
social context. However, agricultural technolo-
gies and practices are always implemented by
people who exist within local, governmental or
international institutions, as well as many other
forms of social hierarchy, which may include
gender, caste, ethnicity or age-group relation-
ships. As Scott (1998) demonstrated in his dis-
cussion of the relationship of informal
knowledge (metis) to formalized technical
knowledge (techne) in Seeing Like a State, the
relative valuations and privileges accorded to
knowledge and technology are the result of
long-term processes, in which hegemonic or
autocratic actors may use the resources af-
forded by formal science to advance their own
influence. While Scott’s argument rests on his-
torical observations, similar patterns can be ob-
served in the production and valuation of
agricultural knowledge in the present, through
international markets, regulatory frameworks
(such as standards for organic agriculture, or
the Agreement on Trade-Related Aspects of
International Property Rights (TRIPS)) and
public investment in agricultural technology.
The case studies below present specific examples
of these trends.
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Case 1: The Misperception of Irish
Agriculture under English Settler
Colonialism

The long span of history furnishes numerous
examples of the indivisibility of agricultural
knowledge, politics and culture; of the adapta-
tions necessary to subsist successfully in new or
changing environments; and of the political and
cultural factors that hinder adaptation. These
factors are often most transparent in colonial
contexts in which established agricultural prac-
tices have been deemed technologically or cul-
turally inferior and thus ignored or replaced in
favour of more familiar practices, often commer-
cially driven and export-oriented, in which sub-
sistence is not the sole or even primary goal.
Even where the material technology of the col-
onizer is nominally more advanced, its applica-
tion may prove unsustainable when insufficient
awareness of the surprises (e.g. extreme wea-
ther) and variability of newly colonized environ-
ments is compounded by a cultural imperialism
that is blind to insights offered by established
agricultural knowledge, which may embody
more nuanced environmental understandings.

The case of Medieval and Early Modern
Irish history allows us to examine successive
waves of colonization from the island of Great
Britain (i.e. England, Wales and Scotland), in-
cluding how the inherited culture, politics and
environmental perceptions of the settlers af-
fected the fortunes of the colonial enterprise.
While having nominally similar environments
and climates, agriculture with a different pas-
toral/arable balance often held a comparative
economic advantage in Britain, with a greater
focus on arable agriculture particularly in the
south-east of England, a populous region with
a more continental climate (Britnell, 2004). In
a famous description of Ireland, based upon
his travels with Prince John of England in
1185, the priest-scholar Giraldus Cambrensis
(of Welsh—Norman lineage) noted the remark-
able physical and cultural features of the
island. Of climate and agriculture, he high-
lighted, ‘The grass is green in the fields in win-
ter, just the same as in summer. Consequently
the meadows are not cut for fodder, nor do they
ever build stalls for their beasts’ (O’Meara,
1982, p. 53).

Giraldus here described the climatic char-
acteristics that made the practice of booleying
(transhumance) not simply feasible but econom-
ically advantageous in Ireland. This involved the
removal of cattle to higher or less fertile pastures
during summer months of strongest grass
growth and their return to more sheltered or
fertile lower-lying pastures set aside for winter
grazing (Kelly, 1997). Giraldus's reference to a
lack of stalls and fodder also suggests the gamble
inherent in maximizing benefit from the Irish
grass-growing environment. Unhoused cattle,
without stored fodder, relied on sufficient avail-
ability of winter grass and suffered from sporad-
ically severely cold winters, as made repeatedly
clear in Gaelic Irish chronicles. The Annals of
Inisfallen furnish an example for 1280, reporting
‘Very bad weather ... heavy snow in the first
week of March ... so that innumerable cows died
and live-stock of all kinds largely perished ...
(Mac Airt, 1944, p. 375).

There is little doubt that the Gaelic Irish
knew of haymaking and fodder storage, given
the proximity to Britain and the strong contacts
between both islands. Making hay is labour
intensive and the practice of booleying can be
seen, at least partly, as a conscious and sophisti-
cated agricultural strategy playing the odds that
cold winters would be sufficiently rare so that
intermittent losses would be outweighed by
longer-term gains from avoiding haymaking.
Giraldus, however, writing with propagandistic
intent to support the Anglo-Norman coloniza-
tion of Ireland (Smith, 2008), asserted that the
Gaelic had:

... not progressed at all from the primitive habits
of pastoral living. While man usually progresses
from the woods to the fields, and from the fields
to settlements and communities of citizens, this
people despises work on the land ... and desires
neither to abandon, nor lose respect for, the life
which it has been accustomed to lead in the
woods and countryside . .. The fields cultivated
are so few because of the neglect of those who
should cultivate them ...

(O’'Meara, 1982, pp. 101-102).

This belies archaeological evidence for ar-
able agriculture of considerable scope since the
early medieval period (Monk, 1991; Monk and
Power, 2012), the quick adoption of new types
of grain, and the spread of agricultural technolo-
gies, such as the watermill, in the same period
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and the Gaelic legal texts in which the conduct
of agriculture and natural resource manage-
ment is treated in extraordinary detail, includ-
ing procedures for dealing with neglected land
(Kelly, 1997). But in needing to argue that
Gaelic culture was inferior and the land under-
utilized (Smith, 2008), there was little room for
Giraldus to acknowledge (or perhaps even pri-
vately perceive) that Gaelic agriculture was an
evolved adaptation to Ireland’s environmental
setting.

The Anglo-Norman invasion and coloniza-
tion of east and south-east Ireland began with
the invasion of Ireland in 1169 by Cambro-
Normans (from Wales) and the subsequent ar-
rival of English (Anglo-Norman) colonists. This
created a feudalized economy and landscape fo-
cusing heavily on arable agriculture, modelled
after the English seigniorial system structured
around manorial centres of feudal lords. For at
least the first 100 years, the colony fared well,
choosing with precision the best soils for arable
agriculture in Ireland, but deteriorated in the

14th century (Britnell, 2004). One reason was
soil exhaustion by the export-oriented colonial
economy during an arable ‘boom’ period in the
middle to late 13th century, supplying growing
markets when England was urbanizing and con-
ducting internal and foreign wars, leading to de-
mand for grain that could not always be met
internally. Profits made serving this demand
guided decision making regarding the intensifi-
cation of cereal production (over 90% on some
manor demesne lands (Hennessy, 2004)) at the
expense of longer-term sustainability. Mean-
while a failure to fully integrate the Gaelic Irish
into the manorial system and a continued mis-
perception of the agricultural potential of the
uplands into which the Gaelic had often been
driven (Fig. 16.1) likely militated against the
colony’s success.

Yet as the colony declined into the 14th
century, so did the differences between the
Anglo-Normans and the Gaelic Irish, through
processes of intermarriage and acculturation
(Booker, 2010, 2013). English commentators

Fig. 16.1. Art Mér Mac Murchadha Caomhanach rides out from what is depicted as a wild and undeveloped
area to meet orderly Anglo-Norman knights on more civilized terrain. This illustration comes from the early
15th century text Histoire du roy dAngleterre Richard Il by Jean Creton, who accompanied King Richard
Il to Ireland in 1399. (BL, Harleian MS. 1319, reproduced by permission of the British Library.)
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viewed the adoption of Gaelic cultural and agri-
cultural practices with hostility, representing the
degeneracy of the colony and the English therein
(Palmer, 2001). Attempts were made to legislate
against intercultural contact, as with the 35 Acts
of the Statutes of Kilkenny in 1366 (Fitzsimons,
2001). The acculturation of Anglo-Normans in
Ireland can, however, be seen as a successful
adaption to the Gaelic cultural and natural en-
vironment, including the marked climatic
changes experienced through the 14th century,
often now considered part of the first phase of
the Little Ice Age. These spurred hybrid agricul-
tural practices in former colonial areas involving
an increased emphasis on cattle rearing but with
hay still grown for fodder (Nicholls, 2004).

Despite this experience, the lessons of his-
tory were hard learned; in efforts by the English
to re-colonize Ireland in the 16th and 17th cen-
turies and their introduction of official ‘plant-
ations’, ‘planter’ settlers from Britain (mainly
English but also Welsh and Scottish) were again
encouraged to introduce English farming prac-
tices. However, faced with Irish environmental
realities and a series of harvest failures in the
early 17th century against a background of fur-
ther rapid climatic change as the Little Ice Age
progressed, many new settlers finally pursued
the comparative economic advantage afforded
by grazing and cattle-rearing as Ireland was fur-
ther incorporated into the globalizing economy
of the period (Smyth, 2006; Ludlow and Cramp-
sie, in press). In this case, then, the politics of
globalization were overshadowed by the politics
of opening markets, creating a space for the
re-evaluation of Irish traditional agricultural
knowledge.

Case 2: Technology Development for
Smallholder Oil Palm in Indonesia

One of the most controversial agricultural devel-
opments today is the vast expansion over the
past generation of oil palm (Elaeis guineensis
Jacq.) cultivation in the Indo-Malay region
(Carlson et al., 2012). Many scholars are studying
this development, some interpreting it in terms
of concepts like ‘land grabbing’ or ‘accumula-
tion by dispossession’, which suggests a process
of forceful assault on the traditional rights of

local peoples (White et al., 2012). There has
been less attention paid to the ontological mech-
anisms —the history and politics of knowledge of
export crop development — that make this pos-
sible (but see Bissonnette, 2013). We may ask:
how has the system of knowledge that underpins
these traditional rights been so undermined as
to make the abrogation of local rights not seem
like an abrogation at all?

The region’s most important export crop in
the 20th century was natural rubber, which
made it the centre of global production. The
South-east Asian rubber industry was based on
cultivation of an exotic species, Hevea brasiliensis
(Mill. Arg.), which was introduced to the region
late in the 19th century from South America.
The system of exploitation in its native habitat in
the Amazon did not transfer with the tree. Henry
Nicholas Ridley, director of Singapore’s Botan-
ical Gardens, developed de novo a system of culti-
vation, tapping and processing the latex. Native
smallholders in British Malaya and the Dutch
East Indies spontaneously adopted much of Rid-
ley’s system, but they also experimented and
made their own innovations, notably by inter-
cropping rubber in their rice swiddens and swid-
den fallows, such that the rubber grew up in the
middle of a semi-natural forest.

The smallholder system proved to be highly
successful; their production overtook that of es-
tates early in the 20th century and their domin-
ance continues to this day. The colonial estate
sector eventually adopted some of the small-
holders’ innovations, notably by abandoning the
early faith in clean weeding around the trees,
but it never acknowledged this debt, instead in-
sisting that smallholder practices were profligate
and dangerous and, on these grounds, enacted
punitive anti-smallholder legislation across the
region in the 1920s and 1930s. This hostile
stance towards smallholders has persisted to the
present day. Almost all government research
and development in Indonesia, and to a lesser
extent Malaysia, has focused on estate cultiva-
tion of rubber; and the minor fraction going to
smallholders has consisted not of an effort to de-
velop smallholder technology, but of efforts to
transfer estate technology to smallholdings.*

This is the historical context for the con-
temporary development of oil palm in the re-
gion. An exotic from West Africa, oil palm (Elaeis
guineensis) was first introduced to the East Indies
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in the second half of the 19th century. Cultiva-
tion in the Indo-Malay region exploded in the
late 20th and early 21st centuries. As with rub-
ber, the native system of smallholder exploit-
ation in its homeland did not transfer along with
the plant. Oil palm was developed by the para-
statal sector in Indonesia and Malaysia strictly
as an estate crop. Smallholder cultivation of oil
palm has been supported only when attached
to estates, as in the so-called ‘nucleus estate’
schemes, in which smallholdings surround an
inner core of estate cultivation and processing
facilities. The fact that 80% of production comes
from smallholders in Thailand, the region’s
third largest producer, suggests that an alterna-
tive development path, based on smallholdings,
is viable (Byerlee, 2014). Smallholder develop-
ment, independent of government schemes, is
also accelerating in Sarawak, East Malaysia.
Many studies across Malaysian and Indonesian
Borneo show a similar desire among small-
holders to adopt oil palm (Cramb and Sujang,
2013).

Most of the burgeoning literature on oil
palm ignores the relevance of estate and small-
holder histories in the region, with a few astute
exceptions. Cramb (2011) suggested that the
contemporary decision to develop oil palm along
estate lines represents a reinvention of the colo-
nial thesis of ‘dualism’, a belief in distinct native
and European logics of production, which ren-
ders export crops unsuited to traditional native
agriculture. Byerlee (2014, p. 591) attributed
the dominance of the estate model today to fac-
tors similar to those that initially favoured the
estate model early in the 20th century: high
commodity prices; a convergence of state and
investor interests; and a high modern belief in
the virtues of agribusiness. Taking these argu-
ments a step further, we suggest that the export
crop history of the region made it impossible to
think of cultivating oil palm other than in a
centralized capital-intensive para-statal model.

The post-humanist turn in anthropology
suggests that we cannot ignore the plants at the
centre of these industries. It is no accident that
oil palm, like rubber, is an exotic in South-east
Asia. Ives (2014a, b) has drawn attention to the
significance of indigenous versus non-indigenous
vegetation. The alienness of oil palm, its removal
from its native socio-ecology, as was also the case
with rubber, creates a tabula rasa that de-privileges

time-worn place-specific knowledge. This alien-
ness made it easier to imagine the estate-based
model of cultivation, because there was no
competing, alternative model to imagine in its
place.

Bonneuil (2000) suggested that there is an
epistemic imperialism to development schemes,
such that schemes like estates privilege metro-
politan versus local knowledge. But the history
of smallholder rubber shows the other side of
coin. The estate model is almost by definition, as
Bonneuil has shown, an insular one. Dependent
upon the valorization of its own imported sys-
tem of knowledge, it is highly vulnerable to
competitive innovation by local smallholders, es-
pecially during economic downturns when its
heavy capitalization becomes a liability instead
of an asset. By virtue of this same dependency, it
is ontologically vulnerable as well: smallholder
development is an unexpected and literally in-
comprehensible development from the perspec-
tive of the estate sector.

The trajectory of modern oil palm develop-
ment in South-east Asia has been viewed by crit-
ics of its social and environmental impacts with
unfolding surprise. Given the export crop history
of the region, it should have been a surprise only
if oil palm development had followed a different
path. However, this same history shows that the
estate sector’s self-privileging often co-develops
with an irresistible economic force of small-
holder agriculture. There are signs that some-
thing like this may happen with oil palm, as it
gets spontaneously adopted by smallholders
across the region (Byerlee, 2014).

Case 3: System of Rice Intensification
(SRI) in India: Moral and Organic
or More of the Same?

The System of Rice Intensification (SRI) is a meth-
odology of rice cultivation developed by a French
Jesuit in Madagascar in the 1980s and spread
around the world from the late 1990s by Cornell
Professor Dr Norman Uphoff. SRI is employed by
millions of farmers in Asia and Central and East
Africa, because it requires fewer inputs and yet
yields greater output (Rabenandrasana, 1999;
Uphoff, 2001; Uphoff and Fernandes, 2002;
Vermeulen, 2009). In India, for more than a
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decade, it has been defined as ‘indigenous’ and
‘traditional’ by enthusiastic farmers and NGOs
in the country, but also as ‘innovative’ and ‘global’.
Paradoxically, this designation as traditional is
at odds with its novelty, just as the categorization
of indigeneity contrasts with its exogenous, de-
contextualized and global character.

Similarly, while not necessarily averse to,
and most often implemented with, synthetic pes-
ticides and hybrid seeds, SRI is often named ‘or-
ganic’ and has been considered ‘the’ solution to
troubles induced by the Green Revolution. These
incongruous definitions refer to two apparently
contrasting logics/chains of assumptions (Cortesi,
2013), which are less at odds when examined
through the logic of practice. The success of SRI
in rural India is crucially linked to this practical
resolution of dichotomies, but its failures are
to be associated to another oppositional under-
standing of agriculture, more political than
economic.

The official package of SRI centres on prac-
tices rather than inputs. For example, it relies on
the use of moisture and drainage instead of
flooding; the preparation and management of
the seeds and the nursery; precise timings and
modality of transplanting the seedlings; and
timely and frequent intercultivation with a spe-
cial manual weeder. These techniques are drawn
from the best agricultural practices observed
over several decades in Madagascar by Father
Henri de Laulanié, and in effect, SRI practices
require the farmer to be closely attentive to the
life of the crop. For example, the seedlings must
be transplanted at the exact moment in which
two leaves open from the sprout, not earlier or
later. This is understood to be the moment when
the plant is at its peak of germination, strong
enough to be transplanted, but not so estab-
lished as to perish from the uprooting. However,
SRI prescribes that each one of the seedlings
must be accompanied out of the nursery and
into the field with its own soil, in order to prevent
breakage of even the smallest root.

SRIis divergent from, although not opposed
to, the Green Revolution agriculture practised in
India today. It does not assume an increase, but
in many cases allows for a decrease, of external
inputs. More profoundly, and differing from
Green Revolution agriculture, its practices are
considered ‘moral’, because their discourse re-
fers to understanding and respecting the plant

as a living being. Yet SRI is not totally dissimilar
from Green Revolution technologies,®> because it
derives and reproduces the same core values of
productivity, intensification, monoculture and
efficiency (see Yapa, 1993; Dove and Kammen,
1997). SRl is often informally defined as organic
not because it does not use fertilizers, pesticides
and hybrid varieties, but in response to the ex-
cessive ‘in-organicity’ of the Green Revolution.
As a package of inputs, technologies and prac-
tices, Green Revolution approaches are applied
by the large majority of farmers, often without
alternative, yet internally criticized because, as
farmers often repeat, these ‘medicines’ (read as
the recurrent and indispensable use of pesticides
and fertilizers) ‘poison our land and then us’.

In this context, SRI is considered, at least in
farmers’ fields if less often on sympathizers’ web-
sites and manuals, to be ‘organic,” ‘traditional’
and ‘indigenous’. SRI refers to values of morality
conceptually related to indigeneity, and to the
ethics of living in harmony with nature, often
believed to be intrinsically traditional and indi-
genous. In this moral and ethical perspective,
SRI is more traditional and indigenous than
other current agricultural practices, by virtue of
referring to the mythical time in which humans
started observing nature, farmed in tune with it
and transformed it into their habitat and liveli-
hood. Hence, SRI symbolically rewinds to the
moment when the rupture between humans
and nature occurred and agriculture became
a source of poison and disease. In this way, SRI
heralds a synthesis of dichotomies; in it, innov-
ation can be traditional, indigeneity can be
global and high productivity can be organic.

SRI implicitly assumes, and demonstrates,
that farmers’ alternative cultivation practices
are neither efficient, nor moral, nor healthy.
Farmers accept the critique, recognizing the di-
vergence of their practices from what they con-
sider morally acceptable. Nevertheless, the same
farmers are unwilling to sacrifice high yields for
higher morality. SRI's triumphant proposal to
combine ecological morality and high yields is
hence worth the extra labour required (Bijker,
2007), and the effort of learning the new prac-
tices — at least for the farmers who can afford it.

Anti-conventional, yet easily institutional-
ized, SRI has been included in many NGO pro-
grammes and governmental policies in the
country. Boasted as the reason for Tamil Nadu's
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boom harvest in 2014 (Vidal, 2014), SRI has be-
come a source of ‘hope’ for many Indian states,
particularly for those gifted with high soil fertil-
ity and labour availability, but cursed with less
ample or subsidized water resources and with
lower output. In a context where agriculture is
embedded in feudal landownership and manori-
alism and where the state has not been able to
perform a much-advocated land reform or even
a land census, the institutionalization of SRI via
state support has transformed it into a site for
the reproduction of patronage relationships of
governance and citizenship. As a result, the sup-
port of the state or its subsidiaries (NGOs) is per-
ceived as indispensable for SRI to be successful.
However, it remains to be seen whether
SRI's success would persist without such gov-
ernment and NGO support. In many cases, when
subsidies are removed, farmers return to their
conventional Green Revolution technologies.
While the economic motive can still be in favor
of SRI vis-a-vis conventional agriculture, its im-
portance as a symbolic arena, in which political
relationships are negotiated and solidified, may
outweigh its economic convenience. Institutions
wishing to promote SRI as a realistic and benefi-
cial practice may need to pay greater attention
to these epistemological and political relation-
ships and processes, if they hope to support the
continued implementation of this technology.

Case 4: Sumak Kawsay and Socialism:
Traditional Indigenous Agricultural
Knowledge and State Policy
in Ecuador

Can people have knowledge of different ‘worlds’
rather than just holding different ‘worldviews’
(Carrithers et al., 2010) and, if so, in what sense
(Salmond, 2014)? This question resonates with
an issue that has long preoccupied scholars
interested in indigenous knowledge — the prob-
lem of indigenous knowledge being ignored or
not taken seriously (Ellen, 2003).

In the 1990s and 2000s, indigenous
scholars in Ecuador’s Amazonian region, having
witnessed state- and corporate-driven incursions
and disasters, began to question not only the val-
idity of different kinds of development but the
presumed universality of development itself

(Sabin, 1998). One of the results was the cre-
ation of a new concept by these indigenous
scholars that was meant to represent and
strengthen an alternative to development based
on living in and coexisting with the forest. In par-
ticular it was Runa (Quichua-speaking) scholars
who coined the term sumak kawsay — from sumak
(‘good,” ‘beautiful,” ‘delicious’ or ‘plentiful’) and
kawsay (‘life’). They coined this term with an eye
to ‘self-representation’ rather than using a
non-local analytics of ‘development’. In the years
since its coining, this concept has generated in-
tense interest because of its ‘ontological’ ambi-
tion to offer a vision of what development is
based in ‘traditional’ Amazonian Runa agricul-
tural and ecological knowledge and practice, es-
pecially swidden agriculture.

One of the first texts to define sumak kawsay
was an ethnography by Runa anthropologist
Carlos Viteri about his home village of Sarayaku:
Stimak Kausai: A Viable Answer to Development (Vit-
eri, 2003). This text and other key texts were writ-
ten by Sarayaku Runa authors about attaining
and maintaining ‘good living’ or sumak kawsay in
Sarayaku, a community of 1500 people with a
135,000 ha Amazonian forest territory in
Pastaza, Ecuador. Sarayaku's economy centres
around manioc swidden gardening (chagra),
hunting, fishing and wage labor. Sarayaku, like
many other communities in the region, had taken
an organized stance against oil drilling on their
lands since the 1970s. Sumak kawsay emerged
out of this conflictual context as a way to counter
the notion that indigenous Amazonians — hunting
and practising swidden agriculture out in the
forest —lacked development. In their descriptions
of their territory and ways of living in it, Saraya-
ku authors emphasized how well they already
lived and through what practices (such as swid-
den gardening and hunting) and through what
knowledges (such as the secrets of forest living
taught by elders and shamans). Further outlining
the concept, Carlos Viteri (2003, p. iv) wrote that:

In contrast with siimak kdusai, development is
conceived of only in regard to lack and problems,
and consequentially it sets out a behind state of
underdevelopment in order to appear like the
‘medicine’ or formula for overcoming this behind
state through a lineal transit. Stimak kdusai on
the other hand functions as a social practice
oriented precisely to avoiding a fall into aberrant
conditions of existence.
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Sumak kawsay is defined here as a way of
‘avoiding a fall’, of maintaining security, or not
losing a degree of advancement already
achieved. Runa ways of life were presented in
Viteri's ethnography as being highly adequate
and, in a sense, ‘already developed’. As one com-
munity member noted, ‘The forest is already de-
veloped. ... What petroleum industries do is
destroy what is already developed’ (Viteri,
2011). Sumak kawsay, as Viteri (2000, 2003) in-
sisted, was not a ‘kind of development’ but an
alternative concept that started from an as-
sumption of community well-being rather than
lack. Viteri emphasized that the cornerstone of
this already achieved good life is swidden agri-
culture. In particular, Sarayaku’s swidden econ-
omy affords them high levels of economic
security and political autonomy. It depends on a
‘living forest’, and the more forest, the better
(Sarayaku, 2015). By contrast, the oil economy
produces manifold risks for the forest and its in-
digenous inhabitants.

In 2008, after 15 years of indigenous-led
protests and the destabilization of more than ten
presidential regimes, Ecuadorians passed a new
constitution at a critical moment when the gov-
ernment had a mandate to address social move-
ment demands (Becker, 2012). One of the
demands that was heeded was to incorporate
sumak kawsay into law as a national alternative
concept to development. In the constitution,
however, sumak kawsay was defined quite differ-
ently than it had been by Sarayaku authors. The
constitution’s Preamble calls for a ‘new form of
public coexistence, in diversity and in harmony
with nature, to achieve the good way of living,
the sumak kawsay’'. Notably here the term was
presented as a goal to be achieved out on the
horizon, fitting what came to be imagined by
government intellectuals as a future ‘Socialism
of Sumak Kawsay' (Ramirez-Gallegos, 2012a, b,
2014). Crucially as well, the constitutional def-
inition of sumak kawsay made no reference to the
original indigenous writings about it, nor to the
defence of swidden agriculture and forest ways
of life that spurred it to be coined.

Freed from these historical connections,
sumak kawsay became a highly portable and flex-
ible term. It came to be used by the government,
for instance, to justify virtually all of its public
policies, including, most ironically, oil drilling on
indigenous lands in the Amazon.

While traditional agricultural and eco-
logical knowledge may seem irrelevant to mod-
ern ‘development’ and ‘progress’, the reluctance
of the Ecuadorian state to recognize the full his-
torical context and meaning of sumak kawsay
hints at how politically consequential struggles
between different understandings of key con-
cepts like development can be. It also highlights
the limits of nominal recognition of others’
knowledge (Povinelli, 2002). Although sumak
kawsay was nominally recognized, it was recog-
nized only as more or less the same thing as con-
ventional ‘development’, as little more than an
‘indigenous’ take on an already discovered idea
(socialism). This reflected a state presumption that
Runa had only a different worldview concern-
ing an unchangeable concept of development,
rather than a different concept based on as-
sumptions drawn from a different framing of life
(Salmond, 2014; Kohn, 2013, 2015; Stevenson
2014), in this case one that values the security
and autonomy afforded by swidden gardening
and Runa culture more generally.

Discussion: Agricultural ‘Development’
and the Politics of TIAK

The four case studies presented above demon-
strate the politics that come into play when
knowledge and practices implemented by a par-
ticular ethnic or social group become a site in
which the distribution of political, material, or
symbolic power is disputed among groups. In
English-colonized Ireland, the symbolic infer-
iority of local practices of livestock manage-
ment was of such political utility that it
rendered English colonizers unable to consider
adopting ecologically appropriate practices,
until climatic imperatives and economic incen-
tives shifted to support the development of a
‘hybrid’ system. In the case of oil palm in Indo-
nesia, the politics of resource distribution are
centred on who has (or is perceived as able to
have) important knowledge about the use and
management of oil palm, worthy of recogni-
tion and support by the state. While estate pro-
duction is privileged, smallholder production is
not acknowledged, in parallel to earlier pat-
terns of non-recognition of the Indonesian
smallholder rubber-tapping sector.
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Our case study from India explores the curi-
ous juxtaposition of a technology that is exter-
nally generated but locally categorized and
adopted as ‘indigenous’, despite the fact that it has
greater parallels to Green Revolution technologies
than to the ‘local’, ‘organic’ or ‘sustainable’ tech-
nologies with which it is equated. This is explained
by the extent to which the moral content of SRI
parallels ethical principles that underscore respect
for non-human life. The moral valence of agricul-
tural development is also at play in the example of
sumak kawsay from Ecuador. In this case, however,
while the initial moral concept embedded in sumak
kawsay is drawn directly from the principles of
swidden agriculture, these moral valences are
stripped and replaced when sumak kawsay is reap-
propriated as an ‘indigenous’ platform for Ecua-
dor’s national development.

The commonalities among these cases
demonstrate four principles of broader rele-
vance for understanding the politics of TIAK.
Firstly, they underline that not all successful
agricultural practices are equally visible. Prac-
tices implemented by powerful groups, like Indo-
nesian estate holders or English colonists, may
be more likely to be acknowledged than practices
implemented by less powerful groups, like small-
holder oil palm producers and transhumant
Irish peasants. Secondly, and relatedly, these
cases demonstrate that not all forms of innov-
ation are equally recognized. Often, innovation
stemming from an exotic locale, external to the
place where it is implemented, is granted more
legitimacy than innovation that comes from the
grassroots. This can be seen in the moral legitim-
acy afforded to SRI in India, as well as in the
non-recognition of the ontological distinctions
between sumak kawsay and ‘development’ dis-
cussed in the Ecuadorian case.

Thirdly, these examples show that ideas and
technologies do not circulate unchanged. Ra-
ther, they are taken up by specific people in spe-
cific places and for specific purposes, which may
entail significant reconfigurations of their initial
content and intent. This is demonstrated in the
Ecuadorian case by the appropriation of the
term sumak kawsay and the development of indi-
genous smallholder technology for the cultiva-
tion of both exotic oil palm and rubber in
Indonesia. In the case of SRI, such reconfigur-
ations are evidenced not in the technological
sphere but rather in the political sphere, with the

attachment of SRI's suggested practices not only
to larger symbolic narratives but also to a con-
crete politics of state- and NGO-sponsored pa-
tronage.

Fourthly, and taken together, the examples
discussed here demonstrate that agricultural
knowledge and practice do not operate in a vac-
uum. They are instead mediated by state, NGO
and market actors, all of whom may be driven by
specific political or material interests. Whether
embodied by the state bureaucracies in Indo-
nesia and Ecuador, the extension-oriented NGOs
and government agencies in India, or the colo-
nial English government in 14th century Ire-
land, such institutional actors play key roles in
defining the symbolic and material possibilities
associated with the implementation of particu-
lar ‘indigenous’ or ‘exotic’ technologies.

With reference to this volume’s theme, ‘op-
timizing the contribution of indigenous know-
ledge to agriculture’, these broad principles have
implications for practitioners seeking to co-de-
velop agricultural technologies with indigenous
groups and practices. First and foremost, they
highlight the importance of considering the nu-
ances of history, context and ethnic identities.
Understanding why and how a particular tech-
nology or practice has come to be categorized as
‘indigenous’, and by whom, may be just as im-
portant as understanding the content of the
practice itself.

Further, for researchers and practitioners
alike, the choice to identify a research topic as
‘indigenous’ or ‘traditional’ should be a deliber-
ate designation, as opposed to a romanticized de-
scription. Some researchers may choose this
term as a way of signalling solidarity with on-
going political movements, or out of respect for
collaborators’ own language of self-identifica-
tion. Others may choose to focus less on these
broad relational labels and more on specific
technologies or practices, which may be adopted
regardless of one’s self-identification or political
positioning. The latter stance may be particu-
larly appropriate in contexts where two or more
groups are in competition for material and sym-
bolic power and where using the term ‘indigen-
ous’ to describe one group would effectively
contribute to de-legitimizing the rights and
knowledge of the other.

Research on ‘indigenous’ technologies, like
research on poverty alleviation and development,
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is sometimes assumed to offer, by prior definition,
an absolute moral good. However, this view often
masks the nuanced politics that underlie the
characterization of a particular form of know-
ledge as indigenous. Those engaging in agricul-
tural development projects with indigenous
communities or indigenous knowledges, then,
should acknowledge that their engagement of the
term represents an entry into a slippery political
landscape, in which ‘science’ has no option to
remain neutral. This may place the researcher
in a ‘double bind’ (Ludlow et al., 2016): well-
intentioned advocacy on behalf of a group or a
concept may well be subsequently rejected by the
very people who a researcher seeks to support,
precisely due to their own positioning within local
currents of politics.

Despite the challenges inherent in navigat-
ing the politics of TIAK, there may yet be value
in reflecting and articulating technology devel-
opment with the body of practices and know-
ledge that the term connotes. Firstly, many
formally trained scientists, including plant
breeders, geneticists and others, subscribe to
understandings of their own knowledge projects
that correspond closely with the hypothesis-testing

model. To the extent that ‘indigenous know-
ledge’ is the ‘other’ of hypothesis-driven science, an
emphasis on integrating this knowledge may
provide opportunities to integrate other forms of
alterity (otherness), including ethnicity, race
and onto-epistemological perspectives, into lar-
ger processes of technology development.
Secondly, and perhaps representing the
other side of the coin, agriculture is in fact an
arena in which ‘indigenous’ and ‘scientific’ know-
ledge have, historically, been somewhat success-
fully brought into dialogue. Examples include the
farming systems research of the 1980s, or par-
ticipatory research exploring the role of local
agricultural experimentation in development
(Prain et al., 1999; Cleveland and Soleri, 2002).
As compared with other arenas where ‘trad-
itional’ and ‘modern’ knowledges are directly at
odds, such as medical practice or conservation
science, the gap in how farmers and plant breed-
ers perceive their object and space of work may be
less insurmountable. As such, agricultural tech-
nology development may represent a fertile arena
for the synthesis of new knowledges and practices
drawing from the full spectrum and diversity of
‘indigenous’ and ‘scientific’ knowledge.

Notes

' Theorizations of the political have taken a range of forms, for which the German theorist Max Weber
(1864—1920) and the French philosopher Michel Foucault (1926—1984) are useful referents. Weber defined
politics as ‘striving to share power or striving to influence the distribution of power either among states or
among groups within a state’ (Weber, 1991, p. 78). Weber’s writings focused on politics writ large, within the
formal contexts of state governing bodies and bureaucracies. Meanwhile, Foucault’s writings elucidated the
enactment of the political through diffuse, pervasive and discursive forms of power which, particularly in his
later writings, he characterized as being manifested through human relationships and the expression of
individual agency (Sluga, 2011).

2 See, for example, Agrawal (1995) and Latour (1993) for useful overviews of how ‘traditional’ and ‘modern’
forms of knowledge have been conceived of and implemented. Cleveland and Soleri (2002) and Prain et al.
(1999) similarly discussed the relationship between the ‘formal’ knowledge of plant breeders and farmers’
knowledge and experimentation.

3 See also Heatherington’s (2010) discussion of conservation politics in Sardinia.

4 This paragraph drew on Dove (2011).

5 In this way, it contrasts with the One Straw revolution, the Fukuoka method, or other methodologies of
natural farming.
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