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a b s t r a c t
When they re-design their cropping systems to move towards agroecology, farmers implement practices that involve biological processes. Such practices have been qualiﬁed as knowledge-intensive, as
they involve the renewal of agronomic principles and numerous interactions between the systems’ components and their regulation. Several studies recognize the value of discussing knowledge on systems’
functioning and component properties with farmers, in relation to technical change processes. This paper
investigates some processes of coordination of fundamental and generic knowledge on biological processes, on the situated knowledge that farmers may use when introducing technical changes in their own
cropping system, and on the integrated approach to agroecological processes. We perform an inductive
inquiry, in the framework of an iterative and instrumental analysis of case studies. We chose ﬁve cases
of different step-by-step cropping system re-design situations. Through our crosscutting analysis, we
highlight the fundamental knowledge on biological objects that the farmers mobilized, and we describe
some aspects of the processes involved in its contextualization. In particular, we describe four patterns of
connection between fundamental knowledge and farmers’ actions, and distinguish three main reformulations of fundamental knowledge that participate in contextualizing it. These involve reinterpretation of
individual experiences and identiﬁcation of the effects of action on the situated biological processes. We
conclude on research orientations for considering expert knowledge not as a speciﬁc content to integrate,
but as a situated way of knowing that should be acknowledged in its processes.
© 2016 Royal Netherlands Society for Agricultural Sciences. Published by Elsevier B.V. All rights
reserved.

1. Introduction
Re-designing cropping systems to move towards agroecology
leads farmers to rely increasingly on biological processes and
endogenous resources, and far less on external inputs [1–3]. This
has several implications for the application of agricultural practices.
First, farmers might have to implement practices corresponding
to new agronomic approaches (such as maintaining a canopy for
most of the year to cover the soil, trying to control weeds, limiting leaching and possibly increasing nitrogen ﬁxation in the case
of legumes). Thus, they may face situations in which they have little experience to guide their decisions about appropriate action.

∗ Corresponding author.
E-mail address: lorene.prost@inra.fr (L. Prost).

Second, managing such biological processes is made harder by the
variability of their functioning according to environment-speciﬁc
pedo-climatic conditions, and by the numerous and largely underexplored interactions (for example, maintaining a cover crop may
lead to an increase in the slug population). This increases the uncertainty of the targeted effects or leads to unintended impacts. In view
of these speciﬁcities, some authors have described the related practices as “knowledge-intensive practices” [4,5]. This assumes the
acute need for new knowledge to apply these, particularly because
they involve “the adoption of technology that requires a high level of
management skills, with an emphasis on observation, monitoring and
judgement” [4].
Agronomists have developed three main strategies to fulﬁl this
need. First, they have made more intensive use of the knowledge
developed by farmers. It has been recognized that farmers rely on
both scientiﬁc and local knowledge [4,6]. It has also been shown
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that both sources of knowledge are necessary for agronomists,
either to broaden agronomic knowledge, or to design and assess
agro-ecological cropping systems [e.g. 7–10]. In particular, there is
an emphasis on the tacit knowledge that farmers acquire through
acting in their own situation, called “experiential knowledge”
[11,12], largely based on know-how. Second, agronomists have
carried out experiments with innovative crop systems to quantify
the effects of new combinations of practices enhancing biological
processes, emphasizing the scope for learning [13–15]. Third, and
this is probably the predominant strategy, agronomists have developed integrated and complex models to describe the numerous
interactions within a cropping system e.g. [16–20]. By gathering
the scientiﬁc knowledge available on soil-crop mechanisms, these
models are designed to support the ex-ante evaluation of farming systems not yet applied on farms e.g. [21]. The value of these
models is thus argued to lie in their capacity to extensively take
into account feedback loops and the unintended consequences of
actions such as the quantiﬁcation of water and nitrogen needs of
wheat at spring when sown densely and early, which have consequences on fertilization and potential water stress induced; or the
addition of new weed seeds in the soil seed bank when weed plants
reach maturity, leading to harmful weed infestations in the following crops, [21]. With these models, it is also possible to predict
long-term trends in the system, such as soil nitrogen and carbon
content dynamics under various management practices [22], which
are not easy to measure. The use of such quantitative and integrative models has been argued to provide helpful support to change
practices e.g. [23,24]. However, many authors have shown that
models were of little help for designing new practices, as summarized by Prost et al. [25]. Moreover, the interactions between crops
and practices that models simulate mostly concern the amounts of
abiotic growing factors (e.g. water, nitrogen). Models rarely take
into account biotic processes, while these strongly impact lowinput systems (e.g. those linked to diseases, pests, soil biological
activity). As a result, these integrated models may lack contextualization variables to be used successfully to design locally-adapted
crop systems.
These limitations of models highlight the issue of the use
of scientiﬁc knowledge in re-design situations: how can farmers mobilize general scientiﬁc knowledge in a situated action
process contending with systemic interactions between biological processes? The effectiveness of knowledge-sharing between
agronomists and farmers has been shown to vary, based on
agronomists’ behaviour and social skills [4,26]. Yet, as these studies focus on social dynamics and actors’ behaviours, they provide
little information on the actual content of the exchanges, and the
processes of their legitimation and organization for action. Furthermore, the hybridization of scientiﬁc and local knowledge is
sometimes considered difﬁcult and partly impossible because of
their differing aims regarding agrosystems: farmers’ objective is to
manage ecosystems (for a crop or practice to yield satisfying results
in a farmer’s situation), and scientists’ aim is to understand them
(i.e. they need to know why and how something works) e.g. [27,28].
Based on these distinct aims, scientists have developed numerous
decision support systems, as means to transfer their knowledge to
farmers, with the aim of helping farmers make the right choices of
practices based on their constraints. In so doing, scientists consider
that farmers do not need to understand the functioning of their
agrosystem to manage it and they encapsulate scientiﬁc knowledge in a usable tool. However, re-designing a cropping system
does not just mean managing it, and the validity of this assumption
in the context of agroecological transition is questionable. Farmers
do not work with a given stable system; they gradually transform
an agroecosystem while acting on productive resources, removing,
adding or modifying some of its components. Furthermore, in some
cases, action research has highlighted that farmers can become

interested in very fundamental approaches to some parts of the
system. For instance, Jordan et al. [29] mentioned the use of biological knowledge on weed species as an important event in a change
process.
Consequently, when the re-design of a cropping system involves
biological processes, this seems to require a combination of scientiﬁc general knowledge on the corresponding system, the situated
knowledge farmers acquire or develop, and an integrated approach
to the cropping systems. The core focus of this article relates to this
combination: how do farmers re-designing their cropping system
mobilize general scientiﬁc knowledge in their particular situation?
How is this knowledge contextualized? What do such processes tell
agronomists seeking to provide relevant resources for re-designing
cropping systems? We answer these questions by examining various cropping system re-design situations through an inductive
case-study analysis. All these situations share the common feature
of mobilizing speciﬁc scientiﬁc knowledge. In the next section, we
brieﬂy present the methods we used in the different cases for data
collection. We then describe the ﬁve case studies. In the results
section, we present four crosscutting ﬁndings.

2. Method
We selected ﬁve situations of technical change in step-by-step
re-design processes, as characterized by Meynard et al. [30]. Stepby-step re-design is characterized by an initial diagnosis of the
practices and state of the system, followed by a range of techniques
being proposed, chosen, implemented, monitored and adapted,
resulting in the system experiencing new states, as well as leading
to the assessment of various performances in order to start a new
design loop. The ﬁve case studies concerned the implementation of
new practices by farmers, in line with certain agroecological principles, as described in Wezel et al. [31]. The changes were aimed at
various goals (Table 1): implementing integrated crop management
to reduce pesticide use (Cases 2 and 5), diversifying the cultural
strategies to reduce weed pressure along the crop sequence (Case
1), and changing soil tillage to improve the soil structure and fertility (Cases 3 and 4).
We investigated these cases through a combination of active and
passive participation, and through comprehensive semi-structured
interviews. The timescales of the collected data varied from oneday meetings to 5–7 year projects with regular experiments and
meetings (Table 1). The number of people concerned by each case
and their professions also varied from one individual farmer to a
group involving several farmers, advisors and facilitators (Table 1).
On the one hand, we observed (Cases 1 and 2) or interviewed (Case
5) groups of farmers in different situations considered as important
stages in the step-by-step design process [32]: a system experiment
visit, and a one-day design workshop (Table 1). On the other hand,
we carried out individual semi-structured interviews with farmers,
either participating in a development group (Case 5), or not (Cases
3 and 4). These interviews were organized in the same way. After
a quick description of the farming system, we ﬁrst identiﬁed, with
the interviewee, the main problems and the main technical changes
that had been introduced. We then focused on the implementation of one speciﬁc technical change, and asked the farmer about
the information sources mobilized, the successive steps taken, the
observations made, and ﬁnally the changes made and kept. Finally,
we opened the interview to other technical changes or aspects of
the cropping system.
Our inquiry was largely inductive, as we did not base our analysis
on a speciﬁc hypothesis concerning the way the farmers may mobilize scientiﬁc knowledge. We made instrumental use of the cases
[33]: in each case, we closely observed the moments when scientiﬁc and fundamental knowledge was mobilized, and progressively
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Table 1
Presentation of the case-studies.

1

2

3

4

5

case studies

number of farmers
and advisors

location

farming systems:
main productions

methods of data
collection

time scale of the
story

Organic farmers
meeting about
perennial weed
management
techniques
System trial visit with a
group of farmers
evolving towards
decreased pesticide use

∼10 farmers;
3 animators;
3 advisors;
2 technicians

Picardie (North of
France)

arable crops;
legumes

participant
observation

one-day meeting
(at the start of a
3-year project)

∼10 farmers;
1 technician;
1 advisor;
2 scientists

Ile de France
(Center of France)

arable crops

half-day visit

A farmer’s
implementation of
stubble plowing
A farmer’s
implementation of a
no-till system
Co-development of
weed management
strategies in integrated
cropping systems

1 farmer

Picardie (North of
France)

arable crops

1 farmer

Pays de la Loire
(West of France)

arable crops;
ﬂower seeds

8 farmers;
1 animators;
3 advisors

Picardie (North of
France)

arable crops; (2
farmers had
livestock)

participant
observation during
discussions on
ﬁelds (presentation
of current ﬁelds
states and tested
systems)
individual
semi-structured
interview in ofﬁce
individual
semi-structured
interview in ofﬁce
semi-structured
interviews;
documentary
analysis of traces of
the group’s activity

a part of a 3-h
interview
a part of a 3-h
interview
full project analysis
(3-year project
with multiple
meetings,
experimental ﬁeld
visits, meetings
with scientists)

The column “situation” refers to the type of interactions which were actually applyed or observed to collect data. The column “time scale of the story” refers to the actual
temporal spreading of the data collected.

built qualitative criteria for their analysis (summed up in Table 2),
based on a grounded theory approach [34]. Cases were thus used
in their complementarity to inform the iteratively built criteria of
analysis, as no one was fully informative on all aspects. The speciﬁc
hypotheses formulated from the in-depth study of one case were
tested on the other cases, and so on, back and forth. Based on the
identiﬁcation of the speciﬁc knowledge mobilized in each case, we
tracked its transformation and its use until the implementation or
design of a new practice. We identiﬁed key elements in the chronology of the event, and focused on some sticking points and steps or
events through which these were overcome. We then identiﬁed the
knowledge shared and used by farmers in each of these steps. We
speciﬁcally focused on the knowledge that made it possible to continue with the different technical changes, and thereby unlocked
the building of new action strategies. In each case, we used full
transcripts of the interviews or meetings. Finally, we performed
a transversal analysis of the different cases in order to highlight
the main patterns involving the following processes: how speciﬁc
knowledge is asserted and discussed; how generic knowledge is
used in a speciﬁc context or, conversely, how localized experiences are discussed and shared in general terms; and how it allows
the farmers to choose new practices or strategies they intend to
implement. Five common ﬁndings, complementarily supported by
various amounts of data from each case, are speciﬁcally developed.
They may help agronomists to recognize or generate knowledge
mobilization processes.

3. Case studies
3.1. Organic farmers meeting about perennial weed control
The meeting focused on the management of perennial weeds,
particularly thistle, identiﬁed as a common problematic species
on the group’s farms. It started with a presentation by a facilitator on biological and physiological aspects of thistle, drawing
on scientiﬁc papers, agronomic press, and expert knowledge from
experimenters (Table 2, line 2). During this presentation, although

the techniques were not mentioned on the slides, farmers’ comments directly linked the information given with possible changes
in their actions. The same facilitator then presented two curative
strategies: exhaustion and extraction (Table 2, line 2). The size of
root fragments to support each strategy differs (long for extraction, and short for exhaustion) based on the soil management tools
used. The results from different experiments comparing various
soil tillage tools quickly prompted discussions about organizational
feasibility (workload, equipment, energy use), but did not lead to
the emergence of new management strategies. After this ﬁrst part of
the meeting, farmers discussed their own experiences, but without
reaching a shared conclusion, mostly underlining the speciﬁcities of
situations (e.g. the possibility of having long dry periods for an efﬁcient extraction strategy; density and age of thistle’s spots). In the
afternoon, the farmers were asked to each make propositions for
a speciﬁc case. They started with opposing points of view, without
consensus on the results of the techniques proposed (competitive effect of alfalfa or a lentil-triticale mixture; the use of speciﬁc
machines adapted from other farmers’ experiences, e.g. the “Wenz
method”). A real strategy began to emerge only when the discussion returned to the key aspect of the dynamics of thistle “reserves”:
how they are built at different development stages (soil nutrient
absorption, leaves’ metabolism) when, at what rate, and what processes most affect them (root fragmentation, plant growth, and
vegetative part destruction). These aspects were related ﬁrst to
possible observations of the processes (observed plant growth and
vigour, leaves’ production and senescence, roots’ multiplication),
and second to the interpreted effects of practices (mowing, stubble ploughing to favour weeds’ germination) on this dynamics of
“reserves”. This involved re-specifying the key moments of the
dynamics, and the detailed processes of the constitution of reserves
(minimum at harvest? At the end of summer? Reserves increase
when a plant grows or when ﬂowers are cut? Depth of soil at
which emergence from a rhizome is most probable?). The participants identiﬁed a speciﬁc indicator of plant development stages
which was directly linked to the reserves’ dynamics: the 6–8 leaves
stage. Prior to this, the plant’s reserves decrease, whereas after they
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Table 2
Case-studies speciﬁcities according to the knowledge and experiences exchanges, the agronomic problematics, the technical strategies built.
Case studies

1
2

The initial problem
The knowledge
claimed, discussed,
proposed for debate

3

The people at the
origin of knowledge

4

The personal
experiences brought to
discussion
The main relation
between the
knowledge introduced
and the context of the
farmers

5

6

The action strategies
ﬁnally proposed

Organic farmers meeting about perennial weeds control

System experiment visit with a group of farmers
decreasing their pesticides use

Controlling perennial weeds without herbicide
The redeﬁnition of perennial weeds (“possess speciﬁc
organs that allow self-multiplication and store reserves”);The description of vegetative propagation mechanisms
(“Thistle buds are on a root that is horizontal, and it produces
shoots called suckers”);
The rooting depths and suckers’ dormancy (broken
down when the root is cut in pieces);
The soil factors favoring thistle (compactness, pH, water
content);
The life cycle and rates of reproduction by seeds and
particularly the dynamic of thistle’s reserves during the
year and according to plant development stages and
climate.
2 curative strategies: “exhaustion” (“repeated destruction
of aerial parts forcing the thistle to regrow or by a
fragmentation of roots that bring out dormant buds and
generates new shoots”) and “extraction” (“fragment the
rhizomes, pull them out of the ground and then export them
or let them dry”).
An animator presented knowledge gathered from scientiﬁc
papers, agronomic press, and expert knowledge from
experimenters

Willingness to reduce the pesticides use
Description of the present crops and their management;
brief statement of the previous crops and practices.
One farmer brought into discussion the main families of
worm species:
differentiating the epigean, endogean, and anecic species
A biological description of worms’ reproduction cycle
main life traits

The thistle’s germination from fragmented roots was
related to the observed effect of tines and disc tools.
The dynamics of root reserves was adapted to the
speciﬁc climate (dates for maximum and minimum
reserves were conﬁrmed with past observations of the
thistle development stages across the year), and related to
the effect of repeated mowing, or of alfalfa crops.
i) With a cover crop mixture sown just after the harvest
and without plowing, and a plowing destruction at dawn,
when thistle would have reached the 6–8 leaves stage;
ii) With alfalfa introduction, either undersown in the
cereal or sown after harvest, adapting the cutting
frequency to the thistle regrowth, identiﬁed according to
the 6–8 leaves stage indicator.

The experimenter (description of crops and practices,
depth and dates of aphanomyces establishment)
The farmers (worms biological aspects)
One farmer: on his own farm, an increase in worms’
population. Other farmers led him to identify the link with
the reduced stubble plowing frequency.
The amounts of worms were compared (same
observation protocol), but the interpretations were
focused on the depth in soil of the different species and the
use of stubble ploughing.
The possible repopulation dynamics after soil tillage
reduction (farmers’ context) was discussed from the
experiment results and the reproduction cycles of the
worms.
The classical movements (vertical versus horizontal) of
the different species within soil were compared, to identify
the ‘normal’ position and namely depth of worms into the
soil, with a view to establish the link with the effect of
their different tools for soil tillage, as much according to
the depth and type of teeth or discs, as to the time at which
they apply it.

Case studies

1

The initial problem

2

The knowledge
claimed, discussed,
proposed for debate

3

The people at the
origin of knowledge

A farmer’s implementation of stubble
plowing, cover crops, in a
minimum-tillage system

A farmer’s implementation of
minimum tillage cropping system

Co-development of weed
management strategies in
low-input cropping systems

Implementing non-plowing strategies
consistently with other practices on
the farm: stubble plowing was
introduced to prevent from deep
tillage while reducing pesticides use,
but not well managed
Carabid species and basic biological
elements:
depth at which they live and
reproduce;
populations they impact on.
Cover crop species characteristics
(which is still in progress):
200 species description in terms of
nutrient uptake and release, growth
dynamic and competitive capacities.

The need to decrease the workload,
and a soil humidity leading to
compaction (i.e. impact of machines on
soil structure at spring because of
water content).
Implementation of no-till system.
Soil biology:
basics of soil macro and micro
organisms;
the bacteria diversity and their main
functions;
roots development dynamic and
interactions with bacteria populations.
He also developed a disease
recognition skill:
cycles of development;
spreading mechanisms
“Well I know how to recognize it, I know
the time it takes to jump from leaves to
leaves. If it is explosive according to the
weather, if you can wait”.
A “specialist” from an Agronomy
University (soil biology)
The Chambre d’Agriculture (diseases)

During a R&D project, herbicides
were still used in high amount.
They targetted weeds management
at multi-years scale through the
adaptation of the crop sequence

A carabids specialist
A technical institute for crop
techniques conﬁrmation
A scientiﬁc study from Brasil

Weeds biological properties and
life traits:
annual rate of decline;
emergence time;
germination depth.

A scientist interested in weeds
management from a research
institute
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Table 2 (Continued)
Case studies

4

The personal
experiences brought
to discussion

5

The main relation
between the
knowledge introduced
and the context of the
farmer

6

The action strategies
ﬁnally proposed

A farmer’s implementation of stubble
plowing, cover crops, in a
minimum-tillage system

A farmer’s implementation of
minimum tillage cropping system

The different applications of stubble
plowing within the group were
compared (depth, results in terms of
weeds germination)
The knowledge on the soil depths of
the carabids’ movements and
reproduction sites of was linked with
the past observations of carabids
species, and with the stubble
ploughing machine adjustment.
The farmer eventually built his soil
tillage strategy under the constraint of
a 10 cm depth limit. He adapted and
reinterpreted the stubble ploughing
action from this basis.

An article based on a testimony by a
farmer encountering the same
troubles, and who experienced a and
namely a «foam effect after a few years».
The soil bacteria diversity was related
to the existing crop diversity in the
rotation and to soil observations
(coherence of bulks, depth of root
exploration).

increase again. Only then were two different practice strategies to
test proposed (Table 2, line 5).
3.2. System experiment visit with a group of farmers
During a visit to a cropping system trial, the main experimenter
presented the different cropping systems implemented and their
re-design objectives. One of the variables measured in the trial,
which the farmers asked the most about, was the amount and diversity of worms in the different plots. The farmers commented that
the simple fact of assessing the presence of worms was of value,
but that they could not relate it to their practices. The measurements in the trial showed long-term trends that the experimenter
linked to the past management of the plots (e.g. a plot with a historical background involving no ploughing practices differed from
others). Repeated soil tillage with tine or disc tools which negatively affected worm populations was also discussed. Surprisingly,
the farmers’ discussions focused primarily on the main families of
worm species, as well as their most prominent life traits, about
which they asked the experimenter for further details. For instance,
they related the classical movements of the different species within
soil to the effect of their different tools for soil tillage (Table 2,
line 5). However they lacked more speciﬁc knowledge about the
dynamics of development and regeneration at population level to
anticipate the consequences of their actions on a scale of several
years. One farmer enriched the discussion with observations from
his own farm: an apparent increase in the worm population was
noted, whereas he mentioned very few changes in his practices.
The other farmers led him to specify that stubble ploughing was
much less frequent, validating the established link between this
action and the development of certain species.
3.3. Farmer’s implementation of stubble ploughing and cover
crops in a minimum-tillage system
This farmer participated in an eight-year project with a R&D
organization to develop integrated crop management using less
pesticide. At the same time, he changed his cropping system by
removing all ploughing practices. At ﬁrst, his knowledge about the
techniques associated with no-ploughing strategies was restricted
to the types of machines one can use, and the problems encountered which lead to removing ploughing (e.g. the energy cost of
ploughing, hydromorphic soils). Rapidly, he had to use more pesticides. In order to continue not to plough while decreasing herbicide
use, he tried to adapt the techniques used for soil preparation and
covering between crops. He implemented stubble ploughing after

He reﬂected the crop sequence and
cover crop species selection from the
effect of crops diversity on soil
biological diversity.

Co-development of weed
management strategies in
low-input cropping systems

The traits of speciﬁc weeds were
related to infestation events in the
farmers’ context (e.g. for
goosefoot).

Plowing frequencies were adapted
to the seeds longevity in soil,
according to the main weed species
A farmer introduced sunﬂower in
his crop sequence

crop harvests to bury crop residues and manage weeds. However
this had varying effects and the following wheat crop showed a
weaker growth dynamic. He obtained various references by comparing the number and date of applications with colleagues, but
this still did not give him guidance for the speciﬁc adjustment of
the practice. He began to resolve this issue when a scientist studying carabid species presented basic elements on carabids’ biology
(how different species move in various environments along their
lifetime and seasons, what their resources and habitat needs are,
what the main mortality factors are), and namely the depth of soil at
which they reproduce and how soil movements affect their reproduction. He deduced that soil tilling deeper than 10 cm prevented
the development of a carabid population by disrupting its habitat,
thus favouring the growth of slug populations (although no speciﬁc
knowledge about the efﬁcacy of carabids predation on slugs was
discussed). With the help of an expert from a technical institute,
he then conﬁrmed that 10 cm was a sufﬁcient soil tilling depth to
grow beetroots: that is, he considered other possible actions in his
own situation, handling interactions with other practices (i.e. the
presence of beetroot crops in the succession). He analysed and reinterpreted the results concerning the use of stubble ploughing and
the corresponding action of the machine with colleagues, comparing their respective experiences to conﬁrm some of the technique’s
effects (e.g. the soil aspect to be expected right behind the machine,
the machine’s adjustment).
3.4. Farmer’s implementation of a minimum-tillage cropping
system
In 1998, this farmer started to look for strategies to reduce his
workload. He also struggled with soil humidity in some ﬁelds. Convinced by an article based on a farmer’s experience that presented
the effect of no-ploughing strategies on the soil’s bearing capacity
(Table 2, line 1), he started to apply simpliﬁed cultural techniques
in one difﬁcult ﬁeld (i.e. too wet in the spring). After seven years of
not ploughing the plot he started to notice the expected improvements in soil bearing capacity, but a company harvesting the hemp
on the plot entered after a 50 mm rainfall, which resulted in a compacted soil structure and caused him to plough again this year. He
then joined an association dedicated to no ploughing and took part
in various visits and training courses. Describing these, he mainly
emphasized two starting points for his renewed agronomic reasoning. First, he stressed the determining role of knowledge about
soil biology (Table 2, line 2). This led him to change his own view
of the soil, seeing it as a compartment of the system which fulﬁls nutritional functions, and not only as a physical support, and
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reformulating his knowledge on the role of bacteria in transforming and supplying nutrients (for instance the role of denitriﬁcation
and nitriﬁcation processes). He associated the soil’s nutrition ability
with indicators (e.g. clod toughness, the depth of roots’ soil exploration, humus content). Second, the specialist speciﬁed that the
diversity of bacteria populations is linked to the diversity of plants
growing in the soil (though without specifying which diversity of
plants). He applied this knowledge to his situation: he evaluated
that the crop diversity in his system (4 different crops with similar
rooting depth) was too low and decided to introduce a pea crop
(combining the functions of crop diversity with the nitrogen management issue), and to diversify the species used as cover-crops
with mixtures of species having different root systems to maximize
soil exploration. Bacterial activity was also central to the concept
that guided the way he interpreted the functioning of the interactions between plants and the soil and therefore between different
practices, i.e. the continuity of soil bacterial activity across cash
crops by sowing cover crops mixtures: “Well I keep the continuity of
the main crop if you will, and apply it to the other crop.”
3.5. Co-development of weed management strategies in
low-input cropping systems
After the ﬁrst ﬁve years of an R&D project dedicated to the reduction of pesticide use, fungicide and insecticide uses had reduced
greatly see Ref. [35], but the use of herbicides had not. The project
therefore began to focus on weed control, which differed from
diseases in terms of the timescales that needed to be taken into
account. The project actors ﬁrst visited a long-term system experiment [13] dedicated to decreasing herbicide use. They found the
results presented unconvincing, due to the poor economic results
of the systems tested, and according to them, these offered no clues
as to possible technical changes to implement. Among the various
techniques tested in this experiment, they nevertheless identiﬁed
mechanical weeding as a possible weed control technique that they
had not yet explored. For instance, chain harrows were tested on
barley. The results varied widely from one situation to another:
on chalky soils, they slowed down the cereal’s growth and allowed
weeds to grow back even more than before the harrowing, whereas
in loamy soils, it favoured the barley’s growth, with satisfying
weeding results. An agronomist who had participated in designing the cropping systems tested then presented different elements
of the knowledge underlying his work: the annual rate of decline,
the emergence time, and the germination depth of the main weed
species. Once they started to mobilize these aspects, they were better able to anticipate the results of speciﬁc actions such as applying
stubble ploughing, or various frequencies of soil tillage, and could
modulate them to be more efﬁcient. As all the farmers involved
used different techniques, the meetings were an opportunity for
them to share their experiences, basing their interpretations on
weed biology. For instance, they shared experiences about goosefoot infestation, and compared their weed pressure according to the
ploughing frequency, which was linked to the annual decay rate:
they advised each other not to plough after a high infestation rate
because of the longevity of the seeds buried. A farmer decided to
introduce a new sunﬂower crop, basing his reasoning on his most
problematic weeds’ time of emergence, which differs from that of
sunﬂowers (Table 2, line 5).
4. Crosscutting analysis: conditions for the mobilization of
fundamental knowledge and the process of systemic
contextualization
Through the cross-comparison of the case studies looking at
the various forms of knowledge mobilization involved, we iden-

tiﬁed four main common results, closely interconnected. The order
in which we present them makes it possible to gradually understand how speciﬁc elements of generic knowledge can be linked to
a particular cropping system.

4.1. Focused, partial, fundamental, often descriptive knowledge is
used and may unlock situations of change
The comparison of our case studies shows that the knowledge
which appeared useful for unlocking processes of change was very
speciﬁc, rather than involving the whole system in an integrated
way. In fact, whereas the problems the farmers faced were highly
systemic (Table 2, line 1), the knowledge that allowed them to
move forward in the technical changes was very fragmentary and
selective. In all cases, the knowledge concerned only some components of a system (Table 2) and mainly the biology and dynamics
of biological objects: particular species (thistle in Case 1; covercrop species in Case 3; various weed species in Case 6), groups of
species (worms in Case 2; carabids in Case 3), or larger groups of
micro- or macro-organisms occupying the same ecological niche
(soil bacterial populations in Case 4). Biological objects are to be
opposed to technical objects such as physicochemical objects (the
water or nitrogen pools and ﬂuxes within the soil) or machines.
These biological objects are generally not directly and intentionally manipulated by the farmers, but they are always involved in
natural processes that might interact with cash crops’ growth and
productivity. Also, they can be inﬂuenced by the farmers via cultural practices. Furthermore, the knowledge used was fundamental,
in the sense that it described a biological or physiological process
(such as the dynamics of thistle reserves’ accumulation and depletion throughout the year, or the cycle of development of a plant
disease, Table 2, line 2). We call it descriptive as it focuses on the
intrinsic mechanisms of the object, at its scale. Thus, this fundamental knowledge is to be opposed to more operational knowledge, for
example the effectiveness of different soil tillage tools to decrease
the thistle population. It concerned neither systemic interactions
nor regulation. The analytical fundamental knowledge we identiﬁed was thus mostly qualitative.
In several case studies, this particular knowledge was proposed
by a specialist. This was expressly mentioned in Case 3 concerning the carabid species’ biology (an entomologist specialized in
carabid species), but also in Case 4 (an agronomist specialized in
rhizosphere studies), and in Case 6 around weed species’ life traits
(a weed researcher). These specialists belonged either to research
institutes or to national technical institutes. The legitimacy of such
actors in the eyes of the farmers lays in their ability to bring together
a host of bits and pieces of knowledge that may also be available
from other sources (websites for example) but were never organized in a synthetic form.
Whereas a large proportion of studies on knowledge exchange
between scientists and practitioners discuss the relevance, accessibility and legitimacy of knowledge [26], our analysis focuses on
the intertwining of strands of knowledge contents and of knowledge production and legitimation processes. Although we do not
deny the importance of the social aspects of knowledge sharing,
we suggest that these might be determined by the technical aspects
addressed by the knowledge. The prevalence of partial knowledge
on a limited part of the system components might seem contradictory with the necessity to anticipate the systemic feedback effects
and unintended consequences of actions. However, in the following sections we show how such knowledge content issue is related
to processes of causal interpretation and contextualisation.
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Fig. 1. The different ways knowledge was linked to action. (The numbers in grey circles correspond to the four patterns described in the text).

4.2. Farmers use the knowledge they can link to their own action
The cross-comparison of our cases highlights that the knowledge mobilized was that which farmers could use to steer their own
actions. In fact, among all the functional aspects of the biological
objects that farmers might manipulate, they considered as useful
those for which they could establish a relationship between their
actions (already implemented or potential) and the response of the
objects. Through our cross-cutting analysis we identiﬁed four different types of relationships or patterns that participate in a process
of contextualization.
First pattern: knowledge about a biological object can relate to
an action that farmers already performed and manage, the effect
of which is also partly known by the farmer. To understand the
effects on the new object of an action already performed, further knowledge on this object is required (Fig. 1, Pattern 1). For
instance, in Case 1, farmers asked for speciﬁc details about the
depth at which root regrowth mechanisms occur, to be able to
relate this to the depth of their soil ploughing. This gave them a
better understanding of the various effects of actions on roots’ biology and physiology. In Case 4, knowledge about the depth of roots’
soil exploration was related to the no-ploughing strategy, along
with knowledge about roots’ exploration dynamics and the possible causes of rooting reduction, to understand soil proﬁles and
compaction. This pattern can be considered as a ﬁrst step towards
situating knowledge: farmers try to identify the conditions of action
in which the effects targeted will be obtained or not, depending on
the knowledge acquired on the biological object.
Second pattern: farmers can use fundamental knowledge on
biological objects when it allows them to anticipate the effect of
a new action that they have never performed (Fig. 1, Pattern 2).
In Case 1, for instance, they asked for knowledge on thistle roots’
biology in connection with the different tools used for soil tillage.
In fact, since only speciﬁc parts of the roots can regrow after being
cut, they tried to select the appropriate tool for soil tillage based on
the depth and width of scalping. In Case 3, the farmer built a new
complete soil management strategy starting with the constraint of
a 5 to 10 cm depth limit for soil tillage, so as to keep the disruption
of carabids to a minimum and thus reduce the occurrence of slug
attacks.
Third pattern: fundamental knowledge can be used to reinterpret previously observed effects or consequences of an action
(Fig. 1, Pattern 3). In Case 1, the 5% spread of thistle through seeds
explained the low effectiveness of topping: avoiding ﬂowering and
seed maturity blocks a low proportion of multiplication capacity,

which is mostly supported by the root system. Farmers also associated past observations of thistle pressure increase within ﬁelds
after repeated cutting and mechanical weeding with the regrowth
mechanism of suckers remaining on short pieces of roots which
may result from these cultural practices. The dynamics of thistle
roots’ reserves also offered a greater understanding of a known
adverse effect of alfalfa on the weed: “Then a thistle in alfalfa grows
too. It rises more, it produces more vegetative material so it draws
more from its reserves” (a farmer).
Fourth pattern: fundamental knowledge can guide action by
enabling farmers to identify an indicator to monitor their action
(Fig. 1, Pattern 4). In Case 1, the thistle’s development stage of 6–8
leaves, stage at which the plant’s reserves are at their lowest, was
identiﬁed as an indicator for triggering the cutting, so as to efﬁciently weaken the weed. In Case 4, the basics of soil biology were
directly related to the possible observations that farmers might
use to anticipate potential biological activity in their soil, or the
dynamics of disease spread, and to trigger management actions.
These four different patterns of relationships between fundamental knowledge and the farmer’s action highlight a necessary
condition: it must be possible to tackle the bio-physical phenomenon with a delimited and identiﬁed action that a farmer may
perform. Fundamental knowledge thus has to relate to mechanisms
or biological processes on scales that farmers could directly address
through delimited actions, andthis seems to be a condition for it
to be interpreted in relation to speciﬁc contexts. For instance, the
examples provided above referred to actions which were speciﬁc
elements within crop management programs.
These patterns also suggest particularities in the mobilization
of knowledge to design new actions in a cropping system. They
highlight the fact that farmers gradually organize knowledge on
the functioning of limited parts of the system, and do not embrace
the whole system at once. Considering the functioning of a limited part of the system makes it possible to relate it to speciﬁc
actions, while the assessment of a global functioning would relate
to integrated actions (e.g. a complete crop management itinerary),
involving a whole set of causal relations that one may not be able to
grasp. In that sense, our ﬁndings converge with those of previous
ergonomic studies [36,37], which suggest that actors tackle anticipated events and plans based on a known set of actions, that is,
that knowledge on the systems’ processes is organized according
to known action. Nevertheless, these studies considered situations
where usual actions were to be applied. In our case, the design of
a technical change may explain that we observed such organization of knowledge in both directions: new knowledge also led to
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the organization of new actions. Building an understanding of the
functioning of parts of the system results in iterative loops between
knowledge on the biological components and action.
However, this continuous iterative process still focuses on isolated actions or objects, and as such does not fully explain how
the fundamental knowledge is contextualized in reference to a situation. According to Dewey [38], we never experience or make
judgements about isolated objects or acts, but only in connexion
with a contextual whole, which is what is called situation. The connexion to the situation isexplored in the following sections.
4.3. Fundamental knowledge supports the reformulation of
individual experiences and makes them useful to others
A situation is structured by the actor who redeﬁnes it throughout the action [39]. Addressing the issue of how knowledge was
related to speciﬁc situations thus requires us to consider how farmers actively deﬁned what their situation of action was. Lave [40]
proposed to distinguish the arena, i.e. the material and institutional
components of the situation, from the setting, i.e. the interactive
coupling between the actor and this arena. Farmers readily shared
experiences from their own situations. However, as these were situated experiences corresponding to different settings, they were
not easily extrapolated through comparisons of arenas (e.g. types
of soils and microclimates). In this section, we show that comparing individual experiences with fundamental knowledge allowed
for some reinterpretations, which made these experiences useful to
others. The term “experience” refers to the fact that these exchanges
relied on the connexion of multiple isolated actions (such as those
identiﬁed in the previous section) within farmers’ discourses and
interpretations. Furthermore, one experience joins several actions
but also the emergent aspects linked with their implementation,
such as the speciﬁc variations of a machine action due to ﬁnetuning, or the climatic conditions at the time the action takes place.
In our case studies, we observed that simple experience sharing
could rapidly lead to various explanations, depending on the arena,
for local characteristics were pointed to as the sole cause of these
differences, which prevented more interpretation and learning
from others’ experiences. Conversely, when a speciﬁc bio-physical
phenomenon was used to reinterpret the various experiences, the
results were not just used to deduce whether or not a technique
“worked”, but mostly to validate the farmer’s existing knowledge
speciﬁc to his situation, that is, to reinterpret the setting, according to Lave’s terminology. Personal experiences, when related to a
speciﬁc bio-physical phenomenon, also provide an illustration of
fundamental knowledge on this phenomenon, even if the variability of the results they show is not fully explained. In that sense, there
is both a reinterpretation of these experiences taking into account
the new understanding afforded by the fundamental knowledge,
and a reformulation of this knowledge through existing experiences. Cross-comparing the different experiences allowed farmers
to gradually conﬁrm a particular aspect of the functioning of the
system, based on fundamental knowledge. In other words, a generic
knowledge, i.e. the understanding of a phenomenon in its functional aspects, can be developed from contextualized experiences,
which may be used to design practices in new situations. Moreover,
when fundamental knowledge is conﬁrmed, the slight differences
in results or observations in various experiences may call for further speciﬁcation. In Case 1, the farmers successively shared their
own experiences with different thistle management strategies, discussing the results, but struggling to ﬁnd a common conclusion on
the effects of different techniques because of the variability in soil
structure and management practices, weed species and pressure
intensity, crop sequences, and the climate. However, when one of
them related each practice and result to the dynamics of thistle’s
reserves, they found consistency in these results and deduced the

possible management techniques to be applied to the situation discussed. A generic understanding of the effect of possible practices,
different from the fundamental generic knowledge introduced,
was built jointly from the reinterpretation of the various experiences, with the fundamental knowledge. Concerning the need to
further specify the knowledge identiﬁed through experience sharing, in Case 1, these comparisons allowed farmers to reconsider
the signiﬁcance of their observations (thistle regrowth becomes a
positive process because it signals a decrease in its reserves), but
also highlighted the need to be more accurate in the description
of reserve dynamics during the discussion. Furthermore, future
actions planned to compare mowing and scalping effects in an
exhaustion strategy were also geared towards specifying the exact
type and intensity of cutting that induces the greatest regrowth.
This translation of personal experiences into useful references
for re-design relates to what Stake [41] called “vicarious experience”, a contextualized form of experience called into memory
as “vignettes” which cannot be reduced to ﬁndings, but only be
told. Sharing previous observations and results allows a collective
to perform “narrative sensemaking”, which produces a combination of “if . . .then” rules of action, as well as an understanding of
the partial system functioning underpinning these rules. This ﬁnding from our case studies is also in line with what Pålshaugen [43]
called “practical discourses” containing “public interpretations of
personal experiences”. The social learning in such experience sharing thus corresponds less to a “shoring” relationship [44], in which a
more experienced practitioner participates in the development of a
pair’s competencies, than to a collective “problem setting”. According to Schön [45], this is a process in which we interactively name
the things we are dealing with and frame the context in which we
deal with them. In these exchanges, farmers collectively build a
new theory of the unique case through what Schön called a “reﬂection on action” and “in action”. However, whereas Schön mainly
described a reﬂective practitioner as someone being reﬂective in
a “conversation with the situation”, we show how the collective
reﬂective setting of the problem may extensively rely on exogenous
knowledge linked with the variety of situations of action.
4.4. Farmers apply three main processes to link generic
knowledge to their own system
The previous analyses focused on the fundamental knowledge
used, specifying its nature, and on the different ways it is articulated in action. We now propose an analysis of the way it is
mobilized in the particular situations faced by the farmers. We
identiﬁed three different processes participating in the reformulation of knowledge, which the farmers applied in order to gradually
form an understanding of a part of their cropping system. These
processes can be summed up as (Fig. 2): 1) non-situated knowledge
on generic aspects of the biological objects is tailored in order to
situate a biological process/phenomenon in a given environment;
2) the situated biological phenomenon is related to the effects of
actions which impact it; 3) other practices that can have the same
effects on the phenomenon are considered. Although continuity
between these processes may appear, they were rarely observed
in the corresponding full sequence in our case studies. We further
describe each process below.
First, the non-situated knowledge concerns the biological
objects, and is thus independent from the environment in which
such objects are or would be manipulated (Table 2, line 2). Patterns or processes described concerning these objects may vary in
intensity or accurate values in different environments, but they are
stable features of the objects (e.g. the thistle increases root reserves
in summer, which is true in various environments, although the rate
of accumulation and quantities may vary according to the climate
and soil nutrient contents). Hence, farmers try to complement this
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Fig. 2. The three processes (large red arrows) applied by farmers in order to gradually link fundamental knowledge to their particular cropping system.

knowledge with the inﬂuence of the environment (climatic and
biotic context) in a particular situation, to situate the phenomenon
involving the biological objects. Relations with a speciﬁc environment were for instance speciﬁed in terms of modulated dates at
which a phenomenon may occur, that take into account the local
climate (Case 1: 15 October is a situating element; the date at
which the root reserves is at minimum was also subject to modulation according to the local climate, which was conﬁrmed from
past observations of thistle’s development), or the presence of speciﬁc species such as wild oats and foxtail pressure in the targeted
situations in Case 5.
Second, farmers related the situated biological process to the
effects of their own actions. This allowed them to validate, conﬁrm
or specify the direct and indirect results of speciﬁc practices, and
involved the various patterns presented in Section 4.2. Sense making in this process appeared to focus on the distinction between
the description of a biological process in the environment occurring without direct human intervention and the part of the process
induced by human intervention. In Case 1, a farmer asked “you say
that there is only 3 to 5% of thistle plants which come from seeds,
but it is because we avoid ﬂowering? or is this the case even in a
wild system?” This second process also materialized in Case 1 when
farmers tried to re-draw the curve representing the amount of
thistle root reserves throughout the year when different cuttings
were performed. Interestingly, Walker and Sinclair [46], who proposed a method to elicit and formalize local qualitative knowledge,
emphasized the relevance of distinguishing the objects, processes
and actions in order to establish the causal links between them.
They stated that the “distinction between natural processes and
human intervention was found to improve knowledge elicitation”.
Thus, situating the phenomenon or process corresponds not only to
answering the question “will it occur and is such a description valid
in this situation?”, but also to answering the one: “what are the stable features of the phenomenon and what are the main variation
factors related to actions?”.
Third, the speciﬁed inﬂuence of human action on the biological
phenomenon was used as a base to broaden the range of practices
that may have the same effect. This led to identifying other actions
impacting the same situated phenomenon (in Case 4, the interactions between cover crops and diversiﬁed crop sequences was
expressed by the farmer in terms of the impact on soil bacteria
diversity), to specifying the quality or intensity of the relationship
between an action and a situated mechanism, or to identifying
other mechanisms of interest (Case 1: the cover-crops prevent-

ing soil tillage led to considering whether repeated topping would
also deplete thistle reserves, and to tackling another mechanism −
the effect of competition for light between thistle and cover-crop
species on the accumulation of roots’ reserves).
In contrast with Section 4.3, which showed how particular and
situated experiences were used to bring out causal relations within
the cropping systems, the description of these three processes
addresses the way farmers contextualize very generic knowledge on non-situated biological objects. The contextualization we
analysed does not amount to simply validating the knowledge
discussed in a particular situation based on various contextual
elements, which would correspond to a single-step decision to
mobilize knowledge in action in this situation. Rather, it involves
a gradual transformation and reformulation of this knowledge, in
order to build situated meaning for action, that is, to construct
its meaning for a particular cropping system. By distinguishing
between the different elementary processes which appeared necessary for such contextualization, we were able to unravel how
speciﬁc fundamental knowledge may give farmers a “hold on reality” [47]. However, as it represents a farmer’s point of view, it
does not correspond to a broad deﬁnition of the contextualization
of scientiﬁc knowledge, as deﬁned by [23]: “the combination of
explications of values and aspirations, ﬁtting to context and interpretation of model work in relation to other knowledge sources”.
The objectivity of fundamental knowledge is somehow questioned
as it acquires legitimacy from the farmers’ point of view when
combined with experiential knowledge on possible actions.

4.5. The gradual linking of fundamental knowledge to interacting
practices in the cropping system: an inherently situated process
Farmers successively and consistently put together different
aspects of the functioning of limited parts of the system. This
might be considered as the process whereby farmers constitute
what Ingram et al. [28] call farmers’ “broad view” (specifying that
“farmers have an overview over the properties of their land and an
impression of the state of the soil and their crops‘), as opposed to
scientists’ “deep view’ (as they ‘gain deep insight into their topic
by neglecting the broader production-related connections made by
farmers’). However, we argue that farmers do beneﬁt from insight
into the functioning of the biological objects that their actions may
impact. The four patterns followed to link knowledge on biological objects to farmers’ action (described in Section 4.2) showed that
farmers develop knowledge, in a joint and iterative way, on the bio-
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logical objects involved in their cropping system, and on the actions
which are part of this system (Fig. 1). This leads to the situated
development of a contextualized understanding of the functioning
of a part of the cropping system which includes action. The causality built in such understanding directly include the situated actions
rather than potential actions proposed as solutions.
The contextualisation we described does not only rely on tacit
knowledge. It builds a rationality which a-priori is not entirely
included in fundamental knowledge, and it includes action in a situated way. What stimulates the conceptualization are the variations
in consequences observed in a set of situations. This implies building an understanding on these variations from the comparison of
the interpretative logics. As such, although based on the introduction of fundamental scientiﬁc knowledge, the processes described
are opposed to a “laboratorization” which adapts the situation to
the implementation of a scientiﬁc rationality. They combine knowledge about action and in action, from the situation to the introduced
knowledge. This produces a rationality for action within the cropping systems, which is more than what the fundamental knowledge
introduced offers. The meaning and the new understanding of the
phenomenon addressed in the situations are built by the farmers
themselves, and are not fully provided by the scientiﬁc concept.
As a consequence, one may ask how such transformation of
knowledge may be accomplished or facilitated a priori. A situated
knowledge approach in terms of process and not only content then
appears appropriate, as argued by Briggs [48] in Indigenous Knowledge studies. Whereas most studies have focused on the integration
and legitimation of indigenous knowledge through formal Western
science, Briggs has argued that a focus on processes is necessary:
ways of observing, discussing, questioning, analysing and making
sense of information, whether it is new or received. The processes
we described suggest that the situated knowledge is a situated
process of new knowledge generation and not only a knowledge
with speciﬁc characteristics that can become generic and integrated into scientiﬁc and local knowledge. Such contextualisation
processes should be seen as a continuously evolving “genesis” that
produces situated knowledge, and in which any concept acquires
new meaning, depending on the situation. [49] Finally, we can illuminate some particularities about how a systemic understanding is
evolving. First, it engages a dialectic of various temporal scales and
perspectives, namely juggling between the past and known actions,
the current problem that focuses attention on speciﬁc agricultural
objects and observations of the present situation, and future possible actions anticipated on the basis of the new concepts formed.
This particular embeddedness of temporality in situated expert
knowledge has also been underlined by Riley [50]. Second, the
intertwining of multiple actions and the iterative way that their
interpretation is built jointly with the introduction of fundamental
knowledge, can be seen as a particular system understanding: the
action and its uncertainties are part of the system design, and the
understanding targets an action within this system, rather than on
it.

5. Conclusion
This article focused on cropping system re-design and addressed
the link farmers make between generic and fundamental knowledge, their situated action on particular systems, and the systemic
approach it entails. One major ﬁnding concerned the building of
an understanding of the functioning of a limited part of their own
system by farmers, and the role of such understanding in choosing, adapting and implementing new practices. In our study, the
causality included in the situated rationality of action strategies
farmers built within their systems was not included in the introduced scientiﬁc knowledge. Knowledge of the system increases in a

joint dynamics, along with knowledge of action that farmers implement. Our conclusion is therefore not simply that it is necessary to
further extend knowledge on biological system components in any
way possible. In fact, scientists wishing to support these re-design
processes should produce knowledge which might be articulated in
farmers’ action on the scale of the processes and impacts of delimited techniques. The knowledge explored by agronomists around
these conditions might be different from that resulting from a continuous inquiry led by scientists detached from action, and building
causality systems making invisible, or non-compatible, some contextualising processes. It is worth remembering that these ﬁndings
relate to re-design situations geared towards a greater mobilization of biological processes. This might explain the speciﬁc focus on
fundamental knowledge about biological components of the system. Furthermore, the processes we described suggest that R&D
agronomists should play a particularly signiﬁcant role in identifying the possible links farmers operate between generic knowledge
and their situated actions for re-design [51,52]. Rather than supplying sets of operational procedures and “best practices”, they should
contribute to farmers’ identiﬁcation and observation of the situated biological phenomenon and the way they are affected by the
various actions, and to the reformulation of individual experiences
regarding this phenomenon, in order to support the development of
farmers’ understanding of their own cropping system functioning.
In return, agronomists’ involvement in such processes might shed
light on the directions which the production of scientiﬁc knowledge
should follow.
Acknowledgements
This work was supported by the Région Ile-de-France under a
grant from DIM Astréa; and INRA under a grant from the metaprogram SMaCH. This work was realised under the umbrella of
the Initiative for Design in Agrifood Systems. We thank Nonta
Libbrecht-Carey for language editing the English version of this
paper.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.njas.2016.11.004.
References
[1] M. Duru, O. Therond, G. Martin, R. Martin-Clouaire, M.-A. Magne, E. Justes,
E.-P. Journet, J.-N. Aubertot, S. Savary, J.-E. Bergez, J.P. Sarthou, How to
implement biodiversity-based agriculture to enhance ecosystem services: a
review, Agron. Sustain. Dev. 35 (2015) 1259–1281, http://dx.doi.org/10.1007/
s13593-015-0306-1.
[2] R. Biggs, M. Schlüter, D. Biggs, E.L. Bohensky, S. BurnSilver, G. Cundill, V.
Dakos, T.M. Daw, L.S. Evans, K. Kotschy, A.M. Leitch, C. Meek, A. Quinlan, C.
Raudsepp-Hearne, M.D. Robards, M.L. Schoon, L. Schultz, P.C. West, Toward
principles for enhancing the resilience of ecosystem services, Annu. Rev.
Environ. Resour. 37 (2012) 421–448, http://dx.doi.org/10.1146/annurevenviron-051211-123836.
[3] M.A. Altieri, The ecological role of biodiversity in agroecosystems, Agriculture,
Ecosyst. Environment. 74 (1999) 19–31, http://dx.doi.org/10.1016/S01678809(99)00028-6.
[4] J. Ingram, Are farmers in England equipped to meet the knowledge challenge
of sustainable soil management? An analysis of farmer and advisor views, J.
Environ. Manage. 86 (2008) 214–228, http://dx.doi.org/10.1016/j.jenvman.
2006.12.036.
[5] N.G. Röling, J.L.S. Jiggins, Policy paradigm for sustainable farming, Eur. J. Agric.
Educ. Ext. 1 (1994) 23–43, http://dx.doi.org/10.1080/13892249485300041.
[6] J. Clark, J. Murdoch, Local knowledge and the precarious extension of
scientiﬁc networks: a reﬂection on three case studies, Soc. Ruralis 37 (1997)
38–60, http://dx.doi.org/10.1111/1467-9523.00035.
[7] T. Dor&#x00E9, D. Makowski, E. Malézieux, N. Munier-Jolain, M.
Tchamitchian, P. Tittonell, Facing up to the paradigm of ecological
intensiﬁcation in agronomy: revisiting methods, concepts and knowledge,
Eur. J. Agron. 34 (2011) 197–210, http://dx.doi.org/10.1016/j.eja.2011.02.006.

Please cite this article in press as: Q. Toffolini, et al., Farmers’ use of fundamental knowledge to re-design their cropping systems:
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2016), http://dx.doi.org/10.1016/j.njas.2016.11.004

G Model
NJAS-229; No. of Pages 11

ARTICLE IN PRESS
Q. Toffolini et al. / NJAS - Wageningen Journal of Life Sciences xxx (2016) xxx–xxx

[8] E. Malézieux, Designing cropping systems from nature, Agron. Sustain. Dev.
32 (2012) 15–29, http://dx.doi.org/10.1007/s13593-011-0027-z.
[9] D.H. Walker, P.J. Thorne, F.L. Sinclair, B. Thapa, C.D. Wood, D.B. Subba, A
systems approach to comparing indigenous and scientiﬁc knowledge:
consistency and discriminatory power of indigenous and laboratory
assessment of the nutritive value of tree fodder, Agric. Syst. 62 (1999) 87–103,
http://dx.doi.org/10.1016/S0308-521X(99)00058-X.
[10] M.A. Altieri, V.M. Toledo, Natural resource management among small-scale
farmers in semi-arid lands: building on traditional knowledge and
agroecology, Ann. Arid Zone 44 (2005) 365.
[11] T. Baars, Experiential science; towards an integration of implicit and reﬂected
practitioner-expert knowledge in the scientiﬁc development of organic
farming, J. Agric. Environ. Ethics 24 (2011) 601–628, http://dx.doi.org/10.
1007/s10806-010-9281-3.
[12] I. Fazey, J.A. Fazey, J.G. Salisbury, D.B. Lindenmayer, S. Dovers, The nature and
role of experiential knowledge for environmental conservation, Environ.
Conserv. 33 (2006) 1, http://dx.doi.org/10.1017/S037689290600275X.
[13] R. Chikowo, V. Faloya, S. Petit, N.M. Munier-Jolain, Integrated Weed
Management systems allow reduced reliance on herbicides and long-term
weed control, Agric. Ecosyst. Environ. 132 (2009) 237–242, http://dx.doi.org/
10.1016/j.agee.2009.04.009.
[14] V. Deytieux, T. Nemecek, R. Freiermuth Knuchel, G. Gaillard, N.M.
Munier-Jolain, Is Integrated Weed Management efﬁcient for reducing
environmental impacts of cropping systems? A case study based on life cycle
assessment, Eur. J. Agron. 36 (2012) 55–65, http://dx.doi.org/10.1016/j.eja.
2011.08.004.
[15] X. Coquil, J.-L. Fiorelli, A. Blouet, C. Mignolet, Experiencing organic mixed crop
dairy systems: a step-by-Step design centred on a long-term experiment, in:
S. Bellon, S. Penvern (Eds.), Organic Farming, Prototype for Sustainable
Agricultures, Springer, Netherlands, 2014, pp. 201–217 (accessed April 26
2015) http://link.springer.com/chapter/10.1007/978-94-007-7927-3 11.
[16] R.L. McCown, G.L. Hammer, J.N.G. Hargreaves, D.P. Holzworth, D.M. Freebairn,
APSIM: a novel software system for model development, model testing and
simulation in agricultural systems research, Agric. Syst. 50 (1996) 255–271,
http://dx.doi.org/10.1016/0308-521X(94)00055-V.
[17] W.A.H. Rossing, J.M. Meynard, M.K. Van Ittersum, Model-based explorations
to support development of sustainable farming systems: case studies from
France and the Netherlands, Dev. Crop Sci. 25 (1997) 339–351.
[18] F. Affholder, D. Jourdain, D.D. Quang, T.P. Tuong, M. Morize, A. Ricome,
Constraints to farmers’ adoption of direct-seeding mulch-based cropping
systems: a farm scale modeling approach applied to the mountainous slopes
of Vietnam, Agric. Syst. 103 (2010) 51–62, http://dx.doi.org/10.1016/j.agsy.
2009.09.001.
[19] C. Kollas, K.C. Kersebaum, C. Nendel, K. Manevski, C. Müller, T. Palosuo, C.M.
Armas-Herrera, N. Beaudoin, M. Bindi, M. Charfeddine, T. Conradt, J.
Constantin, J. Eitzinger, F. Ewert, R. Ferrise, T. Gaiser, I.G. de Cortazar-Atauri, L.
Giglio, P. Hlavinka, H. Hoffmann, M.P. Hoffmann, M. Launay, R. Manderscheid,
B. Mary, W. Mirschel, M. Moriondo, J.E. Olesen, I. Öztürk, A. Pacholski, D.
Ripoche-Wachter, P.P. Roggero, S. Roncossek, R.P. Rötter, F. Ruget, B. Sharif, M.
Trnka, D. Ventrella, K. Waha, M. Wegehenkel, H.-J. Weigel, L. Wu, Crop
rotation modelling—A European model intercomparison, Eur. J. Agron. 70
(2015) 98–111, http://dx.doi.org/10.1016/j.eja.2015.06.007.
[20] J. Constantin, C. Le Bas, E. Justes, Large-scale assessment of optimal
emergence and destruction dates for cover crops to reduce nitrate leaching in
temperate conditions using the STICS soil-crop model, Eur. J. Agron. 69 (2015)
75–87, http://dx.doi.org/10.1016/j.eja.2015.06.002.
[21] N. Colbach, A. Collard, S.H.M. Guyot, D. Mézière, N. Munier-Jolain, Assessing
innovative sowing patterns for integrated weed management with a 3D
crop:weed competition model, Eur. J. Agron. 53 (2014) 74–89, http://dx.doi.
org/10.1016/j.eja.2013.09.019.
[22] J. Constantin, N. Beaudoin, M. Launay, J. Duval, B. Mary, Long-term nitrogen
dynamics in various catch crop scenarios: test and simulations with STICS
model in a temperate climate, Agric. Ecosyst. Environ. 147 (2012) 36–46,
http://dx.doi.org/10.1016/j.agee.2011.06.006.
[23] B. Sterk, C. Leeuwis, M.K. van Ittersum, Land use models in complex societal
problem solving: plug and play or networking? Environ. Modell. Software 24
(2009) 165–172, http://dx.doi.org/10.1016/j.envsoft.2008.07.001.
[24] Z. Hochman, J. Coutts, P.S. Carberry, R.L. Mccown, The FARMSCAPE
Experience: Simulations Aid Participative Learning in Risky Farming Systems
in Australia, 2000 (accessed September 23, 2015) http://cat.inist.fr/
?aModele=afﬁcheN&cpsidt=1007902.
[25] L. Prost, M. Cerf, M.-H. Jeuffroy, Lack of consideration for end-users during the
design of agronomic models. A review, Agron. Sustain. Dev. 32 (2012)
581–594, http://dx.doi.org/10.1007/s13593-011-0059-4.
[26] M.S. Reed, L.C. Stringer, I. Fazey, A.C. Evely, J.H.J. Kruijsen, Five principles for
the practice of knowledge exchange in environmental management, J.
Environ. Manage. 146 (2014) 337–345, http://dx.doi.org/10.1016/j.jenvman.
2014.07.021.

11

[27] J. Farrington, A.M. Martin, Farmer participatory research: a review of concepts
and recent ﬁeldwork, Agricu. Adm. Ext. 29 (1988) 247–264, http://dx.doi.org/
10.1016/0269-7475(88)90107-9.
[28] J. Ingram, P. Fry, A. Mathieu, Revealing different understandings of soil held
by scientists and farmers in the context of soil protection and management,
Land Use Policy 27 (2010) 51–60, http://dx.doi.org/10.1016/j.landusepol.
2008.07.005.
[29] S. Jordan, J. White, R. Gunsolus, Learning groups developing collaborative
learning methods for diversiﬁed, site-speciﬁc weed management: a case
study from Minnesota, USA, in: Cow up a Tree: Knowing and Learning for
Change in Agriculture, INRA Paris, 2000, pp. 85–95.
[30] J.M. Meynard, B. Dedieu, A.P. (Bram) Bos, Re-design and co-design of farming
systems. An overview of methods and practices,), in: D. Darnhofer (Ed.),
Farming Systems Research into the 21 st Century, The New Dynamic,
Springer, Netherlands, 2012, pp. 405–429, http://dx.doi.org/10.1007/978-94007-4503-2 18 (accessed June 17 2013).
[31] A. Wezel, M. Casagrande, F. Celette, J.-F. Vian, A. Ferrer, J. Peign&#x00E9,
Agroecological practices for sustainable agriculture. A review, Agron. Sustain.
Dev. 34 (2014) 1–20, http://dx.doi.org/10.1007/s13593-013-0180-7.
[32] J.M. Meynard, System experiments: methodological progress, Montpellier,
France, 2015.
[33] A. David, Etude de cas et généralisation scientiﬁque en sciences de gestion,
2003 (accessed November 10, 2015) http://basepub.dauphine.fr/xmlui/
handle/123456789/1444.
[34] B.G. Glaser, A.L. Strauss, The Discovery of Grounded Theory: Strategies for
Qualitative Research, Transaction Publishers, 2009.
[35] P. Mischler, S. Lheureux, F. Dumoulin, P. Menu, O. Sene, J.-P. Hopquin, M.
Cariolle, R. Reau, N. Munierjolain, V. Faloya, Huit fermes de grande culture
engagées en production intégrée réduisent les pesticides sans baisse de
marge, Le Courrier de L Environnement de lINRA. 57 (2009) 73–91.
[36] R. Amalberti, Modèles d’activité en conduite de processus rapides:
implications pour l’assistance à la conduite, Paris 8, 1992. http://www.theses.
fr/1992PA080718 (accessed November 10, 2015).
[37] M. Cerf, LES CONNAISSANCES MOBILISÉES PAR DES AGRICULTEURS POUR LA
CONCEPTION ET LA MISE EN OEUVRE DE DISPOSITIFS D’INTERVENTION
CULTURALE, Le Travail Humain. 59 (1996) 305–333.
[38] J. Dewey, Logique. La théorie de l’enquête, Paris, PUF. (1993).
[39] P. Mayen, Développement professionnel et formation: une théorie didactique,
Université Pierre Mendes France, Grenoble: Habilitation à Diriger des
Recherches (2001).
[40] J. Lave, Cognition in Practice: Mind, Mathematics and Culture in Everyday Life,
Cambridge University Press, 1988 (accessed October 31, 2016) https://books.
google.fr/
books?hl=fr&lr=&id=n6eiH3iPVKYC&oi=fnd&pg=PR10&dq=arena+settings+aut
hornbsp:lave&ots=cbN7c8Jsoh&sig=aCuxBrpC8qepHNkxGI7i LplHJw.
[41] R.E. Stake, Case study: composition and performance, Bull. Council Res. Music
Educ. (1994) 31–44.
[43] Ø. Pålshaugen, How to do things with words: towards a linguistic turn in
action research? Concepts Transform. 9 (2004) 181–203, http://dx.doi.org/10.
1075/cat.9.2.07pal.
[44] J. Bruner, Play, thought, and language, Peabody J. Educ. 60 (1983) 60–69.
[45] D.A. Schön, The Reﬂective Practitioner: How Professionals Think in Action,
Basic books, 1983 (accessed November 17, 2015) https://books.google.fr/
books?hl=fr&lr=&id=ceJIWay4jgC&oi=fnd&pg=PR7&dq=authornbsp:schon&ots=q74USCSvj&sig=fuvMAYnmWlryXm2Hj6rpceXI4xA.
[46] D.H. Walker, F.L. Sinclair, Acquiring qualitative knowledge about complex
agroecosystems Part 2: Formal representation, Agric. Syst. 56 (1998)
365–386, http://dx.doi.org/10.1016/S0308-521X(97)00049-8.
[47] M. Mormont, Des Savoirs Actionnables, 2007 (accessed December 14, 2014)
http://orbi.ulg.ac.be/handle/2268/22372.
[48] J. Briggs, Indigenous knowledge: a false dawn for development theory and
practice? Prog. Dev. Stud. 13 (2013) 231–243.
[49] J.S. Brown, A. Collins, P. Duguid, Situated cognition and the culture of learning,
Educ. Res. 18 (1989) 32–42.
[50] M. Riley, Experts in their ﬁelds: farmer −expert knowledges and
environmentally friendly farming practices, Environ. Plann. A 0 (2009), http://
dx.doi.org/10.1068/a39253 (0-0).
[51] C. Delbos, O. David, A. Minas, M. Cerf, C. Falgas, C.A. Gagneur, J.D. Gilet, V.
Laudinot, A. Sigwalt, E. Waldemeir, Conseil agronomique et réduction des
pesticides: quelles ressources pour affronter ce nouveau challenge
professionnel? Innov. Agronomiques. (2014) 367–378.
[52] M. Cerf, B. Omon, E. Chantre, M.-N. Guillot, M. Le Bail, C. Lamine, P. Olry, Vers
des systèmes économes en intrants: quelles trajectoires et quel
accompagnement pour les producteurs en grandes cultures? Innov.
Agronomiques (2010) 105–119.

Please cite this article in press as: Q. Toffolini, et al., Farmers’ use of fundamental knowledge to re-design their cropping systems:
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2016), http://dx.doi.org/10.1016/j.njas.2016.11.004

