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The discourses of agricultural extension reveal how actors represent their
scientific activities and goals. The “transfer of technology” discourse developed
with the professional U.S. extension service, reproducing its expert/lay
power relations. Agroecology is emerging as a systems approach to prevent-
ing agricultural pollution. Its theoreticians argue that agroecology cannot be
transferred like technology but must be extended through networks of partic-
ipatory social learning. In California, hundreds of actors and dozens of insti-
tutions have cocreated agroecological partnerships using this alternative
extension model. They have developed three alternative extension discourses
to represent and explain their activities. Bruno Latour’s “circulatory system
of science” model provides a superior theoretical framework for interpreting
the participation and discourses of diverse actors in this extension practice.
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Introduction: The Travail of Extension

The study of the extension process is critical to understanding how agri-
cultural scientific knowledge engages society and how social values shape
its impact (Friedland, Barton, and Thomas 1981; Warner 2007a). The role
of U.S. extension agents became highly contested in the late twentieth

Science, Technology, &
Human Values

Volume XX Number X
Month XXXX  xx-xx

© 2008 Sage Publications
10.1177/0162243907309851

http://sth.sagepub.com
hosted at

http://online.sagepub.com

1

Author’s Note: The author acknowledges with gratitude support from the National Science
Foundation (award BCS-0302393), the Biologically Integrated Farming Systems Work
Group, the UC Santa Cruz Department of Environmental Studies, and the UC Santa Cruz
Center for Agroecology and Sustainable Food Systems. Margaret FitzSimmons, Bill
Friedland, Geof Bowker, and five anonymous reviewers provided most helpful feedback on
earlier versions of this text.

 Copyright 2008 by SAGE Publications.



century (Hightower 1973; Buttel, Larson, and Gillespie 1990; Buttel 2001,
2005). Here, the term “extension” emerged during the nineteenth century to
describe the movement of scientific knowledge from universities and research
stations to farmers’ fields, and this term was formalized into the Cooperative
Extension Service, located institutionally in the publicly funded “land grant
universities” (Cash 2001; Rassmussen 1989).1 Prior to this institution, farmers
in some states self-organized to recruit scientific experts to help with agri-
cultural problem solving (Fiske 1979; Hassanein 1999). With the creation
of the professional Cooperative Extension Service in 1914, a more pronounced
expert scientist/lay farmer recipient dynamic emerged. Entrepreneurial
farmers who relied on the technoscientific expertise of extension agents
discovered they could dramatically increase yields, and the more participa-
tory group learning practiced by farmer institutes gave way to expert/lay
power dynamics (McConnell 1959; Peters 1996; Scheuring, McCorkle, and
Lyons 1995).

Agricultural scientists laid the foundation for industrial agriculture by
developing mechanical, genetic, and chemical technologies. Publicly funded
extension agents began to describe their activities as the “transfer of techno-
logy.” Extension activities increased farmer knowledge of agricultural science,
but technologies such as the “miraculous sprays” (i.e., DDT) revolutionized
social relations and discourse among researchers, extension agents, and
farmers. Several scholars have observed that the technology of chemical
insecticides was so powerful as to revolutionize how growers,2 extension
agents, and agricultural researchers understood their social roles (MacIntyre
1987; Palladino 1996; Perkins 1982).

The transfer of technology has been a powerful model for the extension
of industrial agriculture, organizing institutional relationships and invest-
ment in research (Röling 1988; Röling and Jiggins 1998). As such, it is a
paradigm for organizing science work and the social relations necessary to
support this. It follows Rogers’s (1962) diffusion of innovation theory to
explain why some users adopt new technologies faster than others. Transfer
of technology extension presumes that scientists practice scientific innova-
tion in the laboratory, and their knowledge is conveyed in the form of tech-
nologies through a pipeline by extension agents to growers, who then
consume and apply this knowledge (Röling and Engel 1990). As presented
in a University of California (UC) Cooperative Extension training manual
(see Figure 1), extension agents convey the problems of the technology
“users” into researchable questions, which are answered by research scien-
tists. Extension agents disseminate solutions back to “users” through tech-
nology transfer. In reality, the extension process is more complex than this,
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and extension agents play much more sophisticated roles than “technology
transferers.” Agriculture is now the leading cause of non–point source pollu-
tion in U.S. surface and coastal waters, which are seriously impaired by
nutrients and pesticides. Even as Cooperative Extension agents work with
growers and rural landowners to address pollution issues, they continue to use
transfer of technology discourse, despite the fact that transferred technologies
are the sources of pollution. As Röling and Wagemakers (1998) argued, the
extension practice that helped create industrial agriculture is unlikely to be
able to help it manage the environmental problems that result from this kind
of farming.

Scholarly critics of agriculture have proposed integrated, systems-based
approaches to managing agricultural pollution (National Research Council
1993). Agroecology takes a systems framework of analysis, drawing from the
discipline of landscape ecology to propose resource conservation strategies
for farmers (Altieri 1995; Gliessman 1998). Theoreticians of agroecology
claim their approach should be distinguished epistemologically from the
more reductionist conventional industrial agricultural sciences because it is
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grounded in ecology and uses the agroecosystem as a framework of analysis
(Altieri 1989; National Research Council 1989). In the Global South, agroe-
cology is proposed as an alternative to the Green Revolution and expansion
of transgenic technologies (Altieri 2002; Uphoff 2002). Proponents of agroe-
cology as an alternative development model argue that its potential can only
be realized with more participatory forms of extension (Chambers, Pacey,
and Thrupp 1989; Uphoff 2002) that challenge the fundamental problem of
expert/lay power relations, which have privileged the role of scientists at the
expense of poor farmers and their indigenous knowledge (Chambers 1990;
Scoones and Thompson 1994). According to this school of thought, sustain-
able development requires participatory models of extension (Röling and
Wagemakers 1998), represented by the “farmer first” discourses (Pretty 1995).
This approach to extension depends on social learning, which I define as par-
ticipation by diverse actors as a group in collective, practical research and
knowledge exchange to enhance common resource protection (Warner 2007a).

Some American agricultural scientists are beginning to embrace agroe-
cology as part of a research agenda for more sustainable agriculture, and
many growers and their organizations are actively partnering with them to
develop farming practices that reduce input costs and prevent pollution
(Warner 2007a). These events are unfolding against the backdrop of dwin-
dling public financial support for extension services (McDowell 2001), which
has challenged agricultural actors to engage in production and environmental
problem solving (Getz and Warner 2006).

During the early 1990s in California, several growers, extension agents,
scientists, and nongovernmental organization staff members began to realize
that they could integrate several ecologically informed farming practices
into a system. They named this approach biologically integrated orchard/
farming systems, drawing on the language proposed by the National Research
Council (1993). These actors, drawing from the development literature
above, argued that this system would require a new extension practice, an
alternative to technology transfer, one based on greater participation and
social learning (Pence and Grieshop 2001). Growers, scientists, extension
agents, and growers’ organizations in almond, winegrape, and pear produc-
tion have formed networks to put the principles of agroecology into action
(Warner 2006). These participants developed several discourses to represent
these partnerships as new participatory approaches to agricultural science
research and extension.

This article addresses the following research questions: (1) Why have
participatory models of extension, based on agroecological principles,
emerged in California during the past fifteen years? and (2) How do growers
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and other actors represent their motivations for participating in agricultural
extension? I argue that Bruno Latour’s (1999) “circulatory system of science”
model provides a superior theoretical framework for interpreting agricultural
extension activities in general and California’s agroecological partnerships
in particular.

This article is organized as follows. It begins by describing the social
pressures on agriculture to address its pollution problems. It then investigates
the emergence of agroecological partnerships and their participatory social
learning models of extension. Partnership leaders developed three types of
discourses to try to secure cooperation by participants, and they use these
to accelerate the circulation of agroecological knowledge. It then presents
Bruno Latour’s (1999) circulatory system of science as a theoretical frame-
work for analyzing the discourses and the relationships among participants.
Understanding these discourses is essential to interpreting shifts that part-
nership leaders claim in power relationships and knowledge circulation
among participants. The article concludes by discussing the implications of
these partnerships and Latour’s model for the continued evolution of extension
practice.

This article draws on three years of dissertation fieldwork investigating
the tensions, contestations, and knowledge circulation in California agricul-
ture (Warner 2004). It is based primarily on semistructured interviews with
thirty-two partnership leaders, supplemented by personal interviews with
ninety-seven participating growers, managers, scientists, and grower organi-
zation staff; thirteen focus groups with eighty-four participating growers,
extension agents, scientists, and grower organization staff; and participant
observation at thirty-four partnership-related meetings. This article reports
empirical and theoretical findings from this study that speak to the field of
science, technology, and society, with a special emphasis on the social values
and relationships associated with this participatory science extension practice.
Additional case study material, including that drawn from fieldwork in other
states, can be found elsewhere (Warner 2006, 2007a, 2007b).

New Social Expectations about Agriculture 
Test Traditional Extension

The accumulated social, economic, and environmental impacts from
industrial agriculture raise serious questions about the direction of U.S. agri-
cultural science and extension institutions (National Research Council 2002)
and the problems associated with technology transfer without attending to its
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undesirable environmental consequences. The U.S. Cooperative Extension
Service has been the subject of environmental controversy since the publi-
cation of Hard Tomatoes, Hard Times (Hightower 1973), but during the past
decade, it has begun to suffer from declining public financial support. The
decline of agricultural extension funding threatens the future of programs in
many countries (Hanson and Just 2001; Kidd et al. 2000; Marsh and Pannell
2000; Mullen, Vernon, and Fishpool 2000; Rivera 2001). In the United States
between 2000 and 2005, many state legislatures slashed the budgets of their
extension services (Arizona, Oregon, Washington, Maryland, Texas, Colorado,
Oklahoma, Georgia, and Alabama). The UC Cooperative Extension Service
suffered serious budget cuts: 25 percent between 2001 and 2003.

This appears to mark the threshold of a new period for U.S. agricultural
extension, marked by the steady decline of public funding for extension
services, and an increasing trend toward semiprivatization. During the past
twenty-five years, crop consultants, or privatized extension services, have
steadily grown in their importance to industrial agriculture, raising further
questions about the viability of publicly funded extension services. McDowell,
himself a veteran of the Cooperative Extension Service, describes his insti-
tution as suffering from an “identity crisis” (McDowell 2001). He noted a
national pattern of agricultural interest groups’ “taking extension hostage,”
meaning they have persuaded extension services to provide technical support
for profitable yet resource-polluting technologies. At the same time, many
in the agricultural community feel that extension services no longer ade-
quately serve their needs. In an interview with me, one former extension agent
observed, “There has just been a number of things that have happened over
the past twenty years, of ‘evolving and improving extension service’ to the
point where it is almost nonfunctional. Part of that is just dollars and support
and numbers of positions, and extension service trying to be something to
everyone in California, and taking an institution that was extremely beneficial
to agriculture, and spread that out to everybody, and making it ineffective in
dealing with ag.” Institutional tensions appear fundamental to extension.

Niels Röling (1988), a leading theoretician of extension, argued that exten-
sion has an inherently contradictory character: it is a premeditated deliberate
intervention to achieve interveners’ goals, but at the same time, it can only
be effective by inducing voluntary change and hence satisfying client goals.
Thus, during periods of change in agriculture, extension practice is a primary
location for tension and contestation. Actors have different views of how to
best manage change, resulting in uneasy negotiations. For extension to func-
tion properly, its practitioners must incorporate the values and needs of
growers and society and recognize that public understanding of science and
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technology will ultimately shape the extension process. When extension
agents describe their activities as technology transfer, they do not convey
the full scope of social activities inherent in extension, and this distorts
extension agents’ self-understanding. By deploying the transfer of technology
discourse, extension agents implicitly discount the role of lay practitioners
of scientific innovation, such as growers and their consultants.

UC is the largest land grant university in the United States, and it estab-
lished itself as the reigning authority for agricultural science in the state.
UC’s agricultural science complex has largely insulated itself from its public
interest critics while increasing the productivity of agriculture and serving
the narrowly defined needs of powerful economic interests in agriculture.
UC agricultural scientists and extension agents have generally approached
agricultural pollution as a “science problem” and have failed to adequately
consider the role of human decision making. As Fiske (1979) documented, for
most of the past century, UC administrators and scientists have successfully
defined behavioral and market failure issues, as well as policy interventions,
to be outside the domain of their responsibility. UC Cooperative Extension
has used the transfer of technology approach to fashion industrial innovation
and unparalleled productivity in agriculture, but many of the environmental
problems now facing California agriculture are in large part a consequence
of transferred technology.

Two reports by the U.S. National Research Council focused scientific
attention on the environmental problems of industrial agriculture and the
potential of systems-based solutions. In 1989, it published Alternative
Agriculture (National Research Council 1989), identifying existing alterna-
tive farming practices and calling for scientific investigations to understand
how these systems worked. Four years later, Soil and Water Quality: An
Agenda for Agriculture (National Research Council 1993) called for a sys-
tems approach to prevent pollution while protecting farming productivity.
It argued that “integrated farming system plans should become the basis of
federal, state, and local soil and water quality programs. . . . Inherent
links exist among soil quality conservation, improvements in input use
efficiency, increases in resistance to erosion and runoff, and the wider use
of buffer zones. These links become apparent only if investigators take a
systems-level approach to analyzing agricultural production systems”
(pp. 107-108). This report did not define “integrated farming system,” admit-
ting that diverse crop, ecosystem, and region contexts made a singular
definition impossible. Also left unaddressed were questions of extension
program and practice, in other words, how this vision for integrated farming
could be made practical.
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Partnerships as Participatory Extension Practice

California is both the most populous state in the United States and home
to the largest agricultural economy. Many of its urban residents have strong
environmental values, and thus agricultural institutions have had to defend
industrial farming practices, especially continued high pesticide use.3 As con-
flicts about land use and pollution continue on the agriculture/urban interface,
growers, their consultants, and agricultural commodity organizations are moti-
vated to seek pollution prevention alternatives. They have worked with UC
extensionists and researchers to develop field-scale alternatives, informed
by agroecology.

I define an agroecological partnership as an intentional, multiyear relation-
ship among at least growers, a grower’s organization, and extensionists or
scientists to extend agroecological knowledge through field-scale demonstra-
tion to protect natural resources (Warner 2007a). Partnerships work to create
an alternative trajectory of agricultural change from within, appealing expli-
citly to the hybrid economic–ecological logic devised by the integrated pest
management pioneers. Agroecological partnerships are unlike other extension
activities in that leaders formally or semiformally enroll participants for a
period of time, generally three years, providing a structure for participatory
social learning. Many partnerships have very high expectations for enrolled
growers and scientists, but others are more modest, comparable to traditional
extension. Agroecological partnerships have emerged in California as the
primary strategy for extending alternative, agroecological knowledge in
conventional agriculture, and they carry with them a critique of the process
and content of conventional extension.

Several factors converged to stimulate the development of the “partnership
model” of extension. Small farmers and growers with environmental values
felt that conventional extension was not helping them develop alternatives to
high pesticide use. Public officials and philanthropic foundations were looking
to fund initiatives that could document pesticide reductions. Commodity-
specific grower organizations as well as nongovernmental organization critics
of extension recognized that the UC Cooperative Extension was suffering
from serious budget cuts precisely when the farming community needed
its help in developing pollution prevention initiatives. These partnerships
appealed to federal and state environmental regulatory agencies because they
were similar to other voluntary, public–private partnerships for pollution
prevention in other economic sectors. The partnership model received a
significant boost with the passage of the Federal Food Quality Protection
Act of 1996, which initiated a regulatory review of all U.S. pesticides. The act
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prodded growers groups to seek out alternatives to highly toxic pesticides
and provided additional funding for partnership activities.

The nongovernmental organization Community Alliance with Family
Farmers (CAFF) was one of UC extension’s harshest critics during the
1980s, and it was party to a lawsuit against the university for failing to
fulfill its legislative mandate (Friedland 1991; Scheuring, McCorkle, and
Lyons 1995). In the early 1990s, CAFF recognized that in addition to its
opposition to conventional extension, it needed to demonstrate the viabil-
ity of alternative extension practice and content (Campbell 2001). The
Biologically Integrated Orchard System (BIOS) partnership emerged from
a multiyear, side-by-side comparison of organic and conventional almond
orchards conducted by a UC extension agent. Hendricks (1995) demon-
strated that the organic block required fewer chemicals, cost less to manage,
and had less insect damage. His observations convinced him that agroeco-
logically informed production systems were indeed viable. The BIOS part-
nership has been described elsewhere (Campbell 2001; Pence and Grieshop
2001; Schaffer 1997; Warner 2007a), but for the purposes of this article, its
genesis holds tremendous significance for the evolution of the alternative,
participatory extension model.

First, CAFF staffers insisted that a more participatory form of extension
was necessary to achieve agroecological goals. Several staff members had
worked in international development and drew from the “farmer first” liter-
ature (Chambers, Pacey, and Thrupp 1989; Chambers 1990). The BIOS
partnership argued that growers need to become more educated and assertive
in their use of knowledge. In contrast to the scientism that dominates the
UC agricultural science institutions, the BIOS partnership called for a farmer-
directed, farm-specific approach to analyzing and managing agroecosystem
processes. The BIOS partnership did not research new science so much as
integrate existing research with practical, farmer-generated knowledge into
an ecological framework. It thus relocalized agricultural science knowledge
(Kloppenburg 1991).

Second, BIOS was the largest and best-funded partnership. Between
1993 and 2000, CAFF secured about $2 million in funding from public and
private sources (Warner 2007a). More than 85 growers participated in side-
by-side comparison of orchard blocks, and hundreds attended multiple field
days held in five almond-growing counties. Much of the funding supported
independent, agroecologically oriented orchard and pest-monitoring services
(as opposed to scouting funded by pesticide companies, which is the norm)
and field days facilitating growers’ exchange of orchard-specific knowledge
about integrated farming system management.

Warner / Agroecology as Participatory Science 9



Third, BIOS was the first partnership to document significant pesticide
reduction, and CAFF argued that its alternative approach to extension could
replicate its success in other commodity crops (Dlott et al. 1996). Other
public/private collaborative efforts to reduce hazardous pesticides had already
been initiated in the state (especially among winegrape and pear growers),
but the more ambitious goals of BIOS challenged public agencies and the UC
to create and fund similar programs in other crops (Warner 2006). These
programs provided millions of dollars in funding between 1994 and 2002.

The BIOS partnership channeled latent discontent with agricultural prac-
tices to formulate new ways of farming and organizing agricultural science
extension. Most partnerships take seriously the capacity of growers to develop
and validate agroecological practices, and this is a chief reason they are
controversial among some agricultural scientists and extension agents. The
BIOS partnership was the first large-scale extension initiative in the state
not directed by UC extension agents, so CAFF endured the brunt of UC’s
displeasure with competition. Some UC scientists and extension agents criti-
cized it for extending anecdotal information and declined to be associated
with it because they did not want to see their scientific authority compromised.
Alternatively, in the eyes of some extension agents, CAFF was taking UC
research and promoting it itself, thus claiming credit for research done by
their institution (Pence and Grieshop 2001).

Partnership leaders have recognized that documenting reduction in pesti-
cide use by growers represented the “holy grail” of partnership activities
(Pence 1998) since they anticipated it would stimulate additional public
support. The impact of organophosphate pesticides has been so great in the
eyes of environmental regulatory institutions as to eclipse the rest of farming
practices combined. Analysis of pesticide use figures do demonstrate that
California pear and almond growers have reduced organophosphate pesticide
use by roughly 80 percent during the life of partnership activities (Warner
2007a), although the precise role of partnership extension activities in this
decline cannot be determined.4

Analysis of BIOS grower practices by Villarejo and Moore (1998) and
Lighthall, Wright-Leamy, and Kambara (2001) revealed substantial reductions
in pesticide use during enrollment in the partnership, with 55 to 100 percent
reductions in pyrethroids, diazinon, and organophosphates in three of the
four counties. Once the partnership ended, however, and growers had to pay
for quality monitoring services from independent consultants, some growers
increased their pesticide use, although not to pre-BIOS levels. For CAFF
and other critics of high pesticide use, these results were proof enough that the
BIOS approach worked. For many skeptical UC scientists, these analyses did
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not prove any such thing because they did not explain the precise scientific
mechanism by which BIOS practices worked. Bentley et al. (2001) followed
up on the original Hendricks (1995) study to document the impacts of pesti-
cide reduction in BIOS orchards. This study found consistent but not signifi-
cantly lower infestation by pests for growers who used organophosphate
sprays. The differences in overall pest damage were relatively minor, but the
variation was greatest among those not using organophosphates. The study
suggests that growers can produce almonds without organophosphates but
that eliminating them exposes growers to higher risks. Even UC extension
agents such as Bentley, who participated in BIOS and support its overall
goals, have not been able to document precisely all the mechanisms by which
integrated farming systems work in almonds. The tremendous variability of
on-farm ecological conditions, even among farms growing the same crop, frus-
trate efforts to “prove” agroecological approaches work.

BIOS provided a template for more participatory forms of extension and
for funding programs. Between 1992 and 2002, California growers, scientists,
and organizations created thirty-two partnerships in sixteen crops. More
than 500 growers participated, enrolling more than 20,000 acres (8,000
hectares). These participants manage more than 250,000 acres (100,000
hectares), or about 2.5 percent of California’s irrigated cropland. Ninety-two
UC extensionists and researchers participated, representing 9.7 percent of UC
agricultural scientists (Warner 2004). At least eleven commodity organiza-
tions, marketing cooperatives, or grower networks were active participants,
often seeking public funding for partnership activities on behalf of their
members (Warner 2007a). National and state environmental regulatory
agencies have enthusiastically embraced partnerships, providing more than
$10 million.

Discourses Shaping the Circulation of Knowledge

The rhetoric of partnership leaders discloses their vision for a more
grower-responsive and environmentally responsible extension practice. To
fulfill this vision, however, partnerships have to coordinate many factors.
Participants had to develop new knowledge, based on ecological principles,
and circulate it among new networks of growers, consultants, scientists,
groups of growers, and the public. These networks developed agroecologi-
cal knowledge through careful observation of nature in the field, but without
seceding from existing conventional research and extension networks. Actors
shuttle knowledge from field to lab to market to society and back again,
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leaving no actor and no knowledge unchanged. The discursive framing of
partnership activities reveals much about the motivations of individual actors
and their strategies for enrolling other actors in their specific networks.
These discourses can be understood as cognitive representations (Allaire and
Wolf 2004). Leading partnership actors present their activities and goals
using images designed to appeal to the desires and interests of those they
seek to enroll.

The agroecological partnership model explicitly fuses concern for eco-
nomic profitability with environmental stewardship, but it is not singular.
Three partnership discourses have emerged, originally associated with one
of the three pioneer partnerships among almond, winegrape, and pear growers
(Warner 2006). These discourses emerge from growers’ perceptions of the
biological factors of production and the specific configuration of agronomic,
ecological, social, and economic factors shaping social and ecological rela-
tions in the cropping systems (see Table 1). Partnership leaders use these
discourses to represent their pollution prevention activities to growers in a
positive light. Growers organizations use these discourses to present agri-
culture in a positive light to publics: neighbors, consumers, and regulatory
agencies. Extensionists and researchers use these discourses to explain the
social value of their participation to university administrators. Environmental
agency staff justify funding partnerships because partnerships can achieve
agency (and public) pollution prevention goals in ways that regulatory
enforcement cannot.

Leaders of all thirty-two partnerships have used these three discourses,
to varying degrees, to present the reality and vision of their work, but they
use them with some elasticity. They use these representations to appeal to
granting agencies, growers, scientific actors, and regulatory agency staff,
with the hope that they can further the impact and public success of their
projects. These discourses are malleable, and various actors draw from them
in their efforts to represent what they are doing. This is true in the practice
of extension education as well as to public officials. The three discourses
are summarized in Table 2.

Agroecological populism. CAFF devised and implemented the BIOS
partnership by fusing neopopulist ideals with agroecological principles. BIOS
leaders asserted that growers had lost control over their farming practices
to outside experts: UC extension agents and consultants sponsored by pesti-
cide companies. According to this discourse, knowledge derived by growers
on their own farms, for their own use, informed by ecological principles,
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was the best antidote to this loss of power; BIOS would facilitate the neces-
sary learning through facilitating grower-to-grower knowledge exchange.
CAFF explicitly sought to provide its services for small- and medium-sized
growers as a bulwark against the economic power of large operations. CAFF
argued that sustaining small- and medium-sized growers is good for agri-
culture and society because they develop a disproportionate amount of new
agroecological ideas. BIOS tried to persuade growers that taking control of
their farming system and managing it with agroecological principles would
reduce their costs, boost their profits, limit the use of hazardous chemicals,
and enhance their experience as growers by doing a better job stewarding
natural resources.

The nuanced language that partnership participants use indicates the
varying emphasis they give to different components of the overall agroeco-
logical partnership model. In the minds of its adherents, “the BIOS model”
communicated a “natural” approach to farming “in harmony” with nature,
taking advantage of “nature’s balance.” According to BIOS grower Glenn
Anderson, it “resonated really broadly for all the right reasons.” All partici-
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Table 1
Preconditions Shaping the Three Early Partnerships 

and Their Discourses

Randall Lodi Woodbridge 
Almond Island Project Winegrape 

Preconditions BIOS (Pears) Commission

Pesticides lost efficacy X
Growers were dissatisfied with X X X

production system
Growers were concerned about X X

pesticide regulations
Organic production in that commodity X

demonstrated to be viable
Growers ask an organization to help X X

them reorient their farming systems
Funding opportunity identified X X X
Public extension agent actively promoted X X

agroecological practices 
Growers strengthened ties with processors/ X X

wineries through collaborative action 
(market opportunities)

Note: BIOS = Biologically Integrated Orchard System.
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pating growers and their consultants appear comfortable using products and
practices described by the stem “bio-,” although some may question their
efficacy. Partnership leaders have assiduously avoided using any terms with
the stem “eco-,” even though they regularly take advantage of ecological
relationships between organisms. “Biologically Integrated Orchard/Farming
Systems” communicates an approach to farming that manipulates organisms
and their relationships guided by biological principles yet without using the
term “ecology” and its attendant political controversies. The BIOS creators
explicitly appealed to the desire by some growers to farm “more naturally”
by using cover crops on the orchard floor to foster greater biological activity
in the farming system. The agroecological populism discourse integrates
agroecological management of farming systems, environmental stewardship
and aesthetics, and enhanced satisfaction in farming.

Green agromanagerialism. This discourse appeals to growers because it
offers them an applied framework for making decisions that reduce costs,
maintain or improve crop quality, and reduce reliance on pesticides. Leaders
make explicit appeals to the business pragmatism of this approach. They
embrace the logic of Benbrook’s (1996) bio-intensive integrated pest manage-
ment but extend the opportunity to substitute knowledge for agrochemical
inputs to the rest of the farming system.

California’s winegrape growers and wineries have adopted this discourse
with the greatest enthusiasm (Warner 2007b). It is similar to the “green indus-
try” sustainability discourse exemplified by Natural Capitalism (Hawken,
Lovins, and Lovins 1999), fusing appeals to economic rationality with a
responsible business ethic. The winegrape partnerships have developed this
discourse the furthest and promote it as a business philosophy to other
growers, to guide the business plans of growers and wineries. The Lodi
Woodbridge Winegrape Commission first developed this discourse among
its growers with considerable success and was able to drive up the value
of its grapes with it. The commission adapted BIOS’s outreach model to a
wider range of growers at the same time the state winegrape industry and
wineries were building market identity and using identity preservation to
increase market size. The winegrape and wine industries are actively
embracing sustainability discourses and pointing to agroecological partner-
ship activities as evidence of their commitment (Dlott 2004).

The winegrape industry is fortunate to grow a crop that does not require
heavy fertilization or disruptive pesticides. Winegrape partnerships strengthen
grower understanding of the relationship between winegrape and environ-
mental quality by input optimization. Local winegrape partnerships have
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built on their region-specific identity to develop locally relevant practices.
More than others, winegrape partnerships and participants try to make their
practices, or at least their intentions, transparent to their neighbors to establish
themselves as environmentally responsible. They also are pursuing ecolabel
initiatives (Warner 2007b).

Ecorational technology. This techno-optimist discourse emerged from
pheromone disruption mating disruption-based partnerships and has grown
in part because this technology is critical to reducing reliance on organophos-
phates in pear, walnut, and apple production (Warner 2007a; Welter et al.
2005). It has been shaped by key technological breakthroughs that have
enhanced the viability of farming. Mating disruption technologies emit
synthetic pheromones that confuse male codling moths and prevent sexual
reproduction. In the case of the first pear partnership, the Randall Island
Project, pheromone technologies created space for deploying biological
control strategies to manage other pests: by substituting pheromone mating
disruption technologies for the broad-spectrum action of organophosphates,
biological control strategies became viable. Food processing firms, such as
Gerber, have been willing to subsidize the deployment of pheromone mating
disruption because it assures them of a steady supply of pears that have been
grown virtually without hazardous pesticides.

This discourse supports a technology-intensive approach to production
and makes no appeal to social ideals for growers, but it does claim the
public interest of environmental protection. Development of an ecorational
technology, according to this discourse, can lead to enhanced farm manage-
ment, which will benefit consumers and society. Nine partnerships have been
organized around the deployment of pheromone-based mating disruption of
the codling moth, and other partnerships do not deploy this “technological
optimist” discourse to the same degree.

These three discourses are not discrete but relate to each other, and
participants occasionally borrow images from each other’s discourse. They
bound the lexical field of agroecology or “sustainable agriculture” in
California. In all three, extension agents play a diminished role: they are no
longer the sole scientific expert. Instead, they are expected to support and
advise, but not direct, these more participatory activities. Partnership
participants—the “consumers” of agroecological knowledge—no longer
accept or need technology transfer from extension agents. Most UC exten-
sion agents continue to use the transfer of technology discourse, but when
they participate in partnerships, this discourse does not accurately represent
what they are actually doing.
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Scientific Controversy and the 
Circulation of Science

Agroecology in the field is much more powerful and persuasive—and
controversial—than agroecological knowledge inscribed in a textbook.
Partnership participants circulated knowledge of ecological relationships in
farming systems from the field to scientists, growers/clients, and the public
and represented their motivations with these discourses. Bruno Latour’s circu-
latory system of scientific facts (Latour 1999, 98-108) provides a helpful
tool for interpreting the extension of agroecological knowledge and the
discourses that participants use to represent these initiatives. This theory of
participatory science practice is particularly relevant to the U.S. public exten-
sion system as it attempts to respond to agricultural pollution problems
because it directs our attention to a broader range of actors, their roles, and
power dynamics. By convening diverse actors around a social learning project,
partnerships “mobilize the world” (Latour 1999, 98-108), and Latour’s (1999)
theory indicates what kind of actors we would expect to participate and how
they would represent network-building activities.

Latour (1999) argues there are “five types of activities that science studies
needs to describe first if it seeks to understand in any sort of realistic way
what a given scientific discipline is up to: instruments, colleagues, allies,
public, and finally, what I will call links or knots so as to avoid the historical
baggage that comes with the phrase ‘conceptual content’” (p. 99). For Latour,
scientific knowledge is more powerful and more persuasive as it flows through
society. He rejects the portrayal of science as an activity that is more real
because it is “pure,” isolated from contaminating social interests; instead, he
proposes science as a beating heart at the center of a circulatory system of
arteries and veins, pumping knowledge as though it were oxygen through
tissue. Scientific knowledge in action, therefore, becomes more persuasive,
more vital, and more powerful as it circulates, or in Latour’s words, as it
vascularizes society.

Latour’s (1999) model of science activity is an especially helpful tool for
interpreting extension practice during a period of flux because it directs our
attention beyond extensionists and growers in the transfer of technology model
to the range of actors and how they propose improvements in conventional
extension practice to achieve their goals. Historically, prior to the creation
of a dedicated extension service in the United States, farmers organized their
rural communities into “farmers institutes” that recruited scientists to come
and advise them; this form of social relations was more conducive to partici-
patory social learning (Hassanein 1999; Warner 2007a).
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Latour’s (1999) model is shown in Figure 2, and inspired by FitzSimmons
(2003), we can use this to interpret participatory agroecological extension
activities. Growers, extensionists, and scientists have collaborated for more
than a century, but rising social expectations that agriculture reduce its envi-
ronmental impact have forced additional actors to participate in developing
new farming practices. Environmental agencies now participate in extension
because partnerships bear the potential for voluntary change, which is less
politically problematic than regulatory enforcement. These agencies repre-
sent the problem of agricultural pollution to the public and the public to the
agricultural community, acting as an intermediary between nature and society
(loop 4). Growers organizations now engage in extension because they realize
that the growers they represent need additional scientific support to negotiate
pressures for pollution prevention by developing new practices. These orga-
nizations create alliances to link the needs of their members to the public and
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Source: Reprinted by permission of the publisher from Pandora’s Hope: Essays on the Reality
of Science Studies, by Bruno Latour, Cambridge, MA: Harvard University Press. Copyright
1999 by the President and Fellows of Harvard College.

Figure 2
Bruno Latour’s (1999, 100) Circulatory System of Science



to regulatory agencies (loop 3). They insert themselves as a mediator between
growers and regulatory agencies, representing their growers’ interactions
with nature. As colleagues, agricultural scientists and extensionists (loop 2)
are still critical to participatory extension, but they must simultaneously
accept a less authoritative role and represent their participation as legitimate
science to their university colleagues. These actors mobilize the world, using
principles from the science of agroecology (loop 5) to interpret, measure,
understand, and manage ecological relationships in agroecosystems (loop 1),
held together by knowledge derived from ecology.

Latour’s (1999) circulatory system of science helps us here to organize
our understanding of how knowledge interventions stimulate activity in
more than one dimension or “loop.” These interventions are like infusions of
knowledge that strengthen the scientific corpus by their circulation through
the system. Well-designed interventions ripple through multiple loops, and
successful partnerships have devised strategies that echo through all of them.
Knowledge is generated at the interface between these loops. Participants
hope new knowledge derived from research will find economic application,
which will in turn strengthen and validate their network(s). They design
knowledge interventions to both intensify existing relationships and enroll
new actors into their networks.

Participatory forms of extension became necessary because managing
the environmental impacts of industrial agriculture can be achieved not
through transferring technology but through creating and applying agroeco-
logical knowledge. Growers, scientists, organizations, industry leaders, and
public officials built these partnerships as networks to mobilize agroeco-
logical knowledge to address agricultural pollution. This problem necessarily
brings together field practice, scientists, growers, regulators, markets, and
publics, constellated around Latour’s (1999) model. Actors accelerate agroe-
cology’s circulation by interactions on the boundaries of these loops. Extension
activities by partnerships represent nature and agriculture as more active,
dynamic, and contingent than conventional extension. Partnerships take a
whole farming system approach, and this has value for growers; it has the
potential for sustaining their income and for representing themselves as
environmentally responsible land managers.

Conclusion

Extension practice is complex, much more complex than the transfer of
technology discourse represents. Worldwide, most extension agents have, in
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fact, had broader impacts than merely transferring technology. This article
has documented initiatives to explicitly reframe extension practice and
discourse to meet agroenvironmental protection goals. Extension services are
struggling to respond to budget cuts plus the evolving needs of its grower
clients, many of whom are requesting assistance developing integrated
farming system solutions. Agricultural extension services worldwide are
suffering from similar pressures and may benefit from the lessons learned by
these partnerships and associated discourses. This article reports primarily
on California’s perennial crops, but similar, participatory initiatives in annual
crops and animal agriculture in Washington State, Iowa, and Wisconsin
demonstrate that agroecological extension practice is not limited to California
(Warner 2007a).

Many agricultural leaders increasingly recognize the value of participating
in alternative, agroecological initiatives, in part because the environmental
problems of transferred technology in conventional production systems have
become undeniable. They also recognize the value of providing a positive
public representation of farming as well as agricultural science and extension.
These initiatives do not seek to eliminate agrochemical use but rather ratio-
nalize it according to ecological principles and represent this to other partici-
pants and the public. Many participants are attracted to an integrated farming
system approach because piecemeal efforts to manage the individual prob-
lems associated with individual technologies or practices have been unsatis-
factory. Sadly, despite calls for systems approaches to agroenvironmental
problems from growers organizations and bodies such as the National
Research Council, few leaders in publicly funded extension services have
demonstrated leadership in this regard.

Latour’s (1999) circulatory system of scientific facts has assisted the inter-
pretation of these partnerships in several ways. First, it directs our attention
to those who have a stake in the generation and extension of agroecological
knowledge. In other words, it directs us where to look for participants in this
process. This is particularly important when an extension process is know-
ledge intensive rather than driven by transferred technology. Second, it is
particularly helpful for describing the extension process of a scientific know-
ledge system in transition. Transfer of technology discourses may indeed
adequately explain routinized science extension practice, but during periods
of flux, when actors are trying to redefine their roles relative to each other or
the knowledge system is under pressure, the circulatory system of scientific
facts does a better job of interpreting the trajectory of change. Third, this
model can help those seeking to modify an existing extension program,
informed by the science of agroecology.
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Agroecology cannot be put into action without collaboration among mul-
tiple actors and can only be successful as a participatory science. Growers
and scientists have learned how to reduce their reliance on agrochemical
technologies by managing integrated farming systems. They have config-
ured their social networks around ecological organisms and relationships.
This may result in increased economic risk while simultaneously reducing
the risk to human and environmental well-being. Continued public contro-
versy over the impact of pesticides will stimulate collaborative efforts to find
alternative practices and foster further efforts to develop new, more partici-
patory extension practice, organized along the lines of Latour’s (1999)
circulatory system of science model.

Notes

1. Extension now targets a much broader audience than agriculture, but this article restricts
its analysis to agricultural extension.

2. Because of the scale and capital intensity of California agriculture, farmers here are
more typically referred to as “growers,” which this article will use.

3. During the 1990s, California’s agricultural pesticide use hovered between 180 and
200 million pounds, roughly one-quarter of U.S. use (Aspelin and Grube 1999; California
Department of Pesticide Regulation 2002).

4. Weather is the most important factor shaping pest behavior and management (Zhang,
Wilhoit, and Geiger 2004).
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