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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  prac-
tices  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’  com-
ponents  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  pro-
cesses,  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  reformu-

lations  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.
. Introduction

Re-designing cropping systems to move towards agroecology
eads farmers to rely increasingly on biological processes and
ndogenous resources, and far less on external inputs [1–3]. This
as several implications for the application of agricultural practices.
irst, farmers might have to implement practices corresponding
o new agronomic approaches (such as maintaining a canopy for

ost of the year to cover the soil, trying to control weeds, limit-
Please cite this article in press as: Q. Toffolini, et al., Farmers’ use o
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2

ng leaching and possibly increasing nitrogen fixation in the case
f legumes). Thus, they may  face situations in which they have lit-
le experience to guide their decisions about appropriate action.

∗ Corresponding author.
E-mail address: lorene.prost@inra.fr (L. Prost).
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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 under-
explored interactions (for example, maintaining a cover crop may
lead to an increase in the slug population). This increases the uncer-
tainty of the targeted effects or leads to unintended impacts. In view
of these specificities, some authors have described the related prac-
tices 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
f fundamental knowledge to re-design their cropping systems:
016), http://dx.doi.org/10.1016/j.njas.2016.11.004

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

vier B.V. All rights reserved.
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hat both sources of knowledge are necessary for agronomists,
ither to broaden agronomic knowledge, or to design and assess
gro-ecological cropping systems [e.g. 7–10]. In particular, there is
n emphasis on the tacit knowledge that farmers acquire through
cting in their own situation, called “experiential knowledge”
11,12], largely based on know-how. Second, agronomists have
arried out experiments with innovative crop systems to quantify
he effects of new combinations of practices enhancing biological
rocesses, emphasizing the scope for learning [13–15]. Third, and
his is probably the predominant strategy, agronomists have devel-
ped integrated and complex models to describe the numerous

nteractions within a cropping system e.g. [16–20]. By gathering
he scientific knowledge available on soil-crop mechanisms, these

odels are designed to support the ex-ante evaluation of farm-
ng systems not yet applied on farms e.g. [21]. The value of these

odels is thus argued to lie in their capacity to extensively take
nto account feedback loops and the unintended consequences of
ctions such as the quantification of water and nitrogen needs of
heat at spring when sown densely and early, which have conse-

uences on fertilization and potential water stress induced; or the
ddition of new weed seeds in the soil seed bank when weed plants
each maturity, leading to harmful weed infestations in the follow-
ng crops, [21]. With these models, it is also possible to predict
ong-term trends in the system, such as soil nitrogen and carbon
ontent dynamics under various management practices [22], which
re not easy to measure. The use of such quantitative and integra-
ive models has been argued to provide helpful support to change
ractices e.g. [23,24]. However, many authors have shown that
odels were of little help for designing new practices, as summa-

ized by Prost et al. [25]. Moreover, the interactions between crops
nd practices that models simulate mostly concern the amounts of
biotic growing factors (e.g. water, nitrogen). Models rarely take
nto account biotic processes, while these strongly impact low-
nput systems (e.g. those linked to diseases, pests, soil biological
ctivity). As a result, these integrated models may  lack contextual-
zation variables to be used successfully to design locally-adapted
rop systems.

These limitations of models highlight the issue of the use
f scientific knowledge in re-design situations: how can farm-
rs mobilize general scientific knowledge in a situated action
rocess contending with systemic interactions between biologi-
al processes? The effectiveness of knowledge-sharing between
gronomists and farmers has been shown to vary, based on
gronomists’ behaviour and social skills [4,26]. Yet, as these stud-
es focus on social dynamics and actors’ behaviours, they provide
ittle information on the actual content of the exchanges, and the
rocesses of their legitimation and organization for action. Fur-
hermore, the hybridization of scientific and local knowledge is
ometimes considered difficult and partly impossible because of
heir differing aims regarding agrosystems: farmers’ objective is to

anage ecosystems (for a crop or practice to yield satisfying results
n 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].
ased on these distinct aims, scientists have developed numerous
ecision support systems, as means to transfer their knowledge to

armers, with the aim of helping farmers make the right choices of
ractices based on their constraints. In so doing, scientists consider
hat farmers do not need to understand the functioning of their
grosystem to manage it and they encapsulate scientific knowl-
dge in a usable tool. However, re-designing a cropping system
oes not just mean managing it, and the validity of this assumption

n the context of agroecological transition is questionable. Farmers
Please cite this article in press as: Q. Toffolini, et al., Farmers’ use o
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2

o not work with a given stable system; they gradually transform
n agroecosystem while acting on productive resources, removing,
dding or modifying some of its components. Furthermore, in some
ases, action research has highlighted that farmers can become
 PRESS
al of Life Sciences xxx (2016) xxx–xxx

interested in very fundamental approaches to some parts of the
system. For instance, Jordan et al. [29] mentioned the use of biolog-
ical 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 scien-
tific 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 var-
ious 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]. Step-
by-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 prin-
ciples, 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 fer-
tility (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 one-
day 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 implementa-
tion 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
f fundamental knowledge to re-design their cropping systems:
016), http://dx.doi.org/10.1016/j.njas.2016.11.004

on a specific hypothesis concerning the way the farmers may  mobi-
lize scientific knowledge. We  made instrumental use of the cases
[33]: in each case, we  closely observed the moments when scien-
tific and fundamental knowledge was  mobilized, and progressively

dx.doi.org/10.1016/j.njas.2016.11.004
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Table  1
Presentation of the case-studies.

case studies number of farmers
and advisors

location farming systems:
main productions

methods of data
collection

time scale of the
story

1 Organic farmers
meeting about
perennial weed
management
techniques

∼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)

2  System trial visit with a
group of farmers
evolving towards
decreased pesticide use

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

Ile de France
(Center of France)

arable crops participant
observation during
discussions on
fields (presentation
of current fields
states and tested
systems)

half-day visit

3  A farmer’s
implementation of
stubble plowing

1 farmer Picardie (North of
France)

arable crops individual
semi-structured
interview in office

a part of a 3-h
interview

4  A farmer’s
implementation of a
no-till system

1 farmer Pays de la Loire
(West of France)

arable crops;
flower seeds

individual
semi-structured
interview in office

a part of a 3-h
interview

5  Co-development of
weed management
strategies in integrated
cropping systems

8 farmers;
1 animators;
3 advisors

Picardie (North of
France)

arable crops; (2
farmers had
livestock)

semi-structured
interviews;
documentary
analysis of traces of
the group’s activity

full project analysis
(3-year project
with multiple
meetings,
experimental field
visits, meetings
with scientists)
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he column “situation” refers to the type of interactions which were actually apply
emporal spreading of the data collected.

uilt qualitative criteria for their analysis (summed up in Table 2),
ased on a grounded theory approach [34]. Cases were thus used

n their complementarity to inform the iteratively built criteria of
nalysis, as no one was fully informative on all aspects. The specific
ypotheses formulated from the in-depth study of one case were
ested on the other cases, and so on, back and forth. Based on the
dentification of the specific knowledge mobilized in each case, we
racked its transformation and its use until the implementation or
esign of a new practice. We  identified key elements in the chronol-
gy of the event, and focused on some sticking points and steps or
vents through which these were overcome. We  then identified the
nowledge shared and used by farmers in each of these steps. We
pecifically focused on the knowledge that made it possible to con-
inue with the different technical changes, and thereby unlocked
he building of new action strategies. In each case, we  used full
ranscripts of the interviews or meetings. Finally, we  performed

 transversal analysis of the different cases in order to highlight
he main patterns involving the following processes: how specific
nowledge is asserted and discussed; how generic knowledge is
sed in a specific context or, conversely, how localized experi-
nces are discussed and shared in general terms; and how it allows
he farmers to choose new practices or strategies they intend to
mplement. Five common findings, complementarily supported by
arious amounts of data from each case, are specifically developed.
hey may  help agronomists to recognize or generate knowledge
obilization processes.

. Case studies

.1. Organic farmers meeting about perennial weed control

The meeting focused on the management of perennial weeds,
articularly thistle, identified as a common problematic species
Please cite this article in press as: Q. Toffolini, et al., Farmers’ use o
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2

n the group’s farms. It started with a presentation by a facili-
ator on biological and physiological aspects of thistle, drawing
n scientific papers, agronomic press, and expert knowledge from
xperimenters (Table 2, line 2). During this presentation, although
 observed to collect data. The column “time scale of the story” refers to the actual

the techniques were not mentioned on the slides, farmers’ com-
ments 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 extrac-
tion, 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 effi-
cient 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 (competi-
tive 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 discus-
sion 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 pro-
cesses 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, stub-
ble 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 partic-
f fundamental knowledge to re-design their cropping systems:
016), http://dx.doi.org/10.1016/j.njas.2016.11.004

ipants 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

dx.doi.org/10.1016/j.njas.2016.11.004
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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

Organic farmers meeting about perennial weeds control System experiment visit with a group of farmers
decreasing their pesticides use

1 The initial problem Controlling perennial weeds without herbicide Willingness to reduce the pesticides use
2  The knowledge

claimed, discussed,
proposed for debate

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”).

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

3  The people at the
origin of knowledge

An animator presented knowledge gathered from scientific
papers, agronomic press, and expert knowledge from
experimenters

The experimenter (description of crops and practices,
depth and dates of aphanomyces establishment)

The farmers (worms biological aspects)
4  The personal

experiences brought to
discussion

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.

5  The main relation
between the
knowledge introduced
and the context of the
farmers

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.

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.

6  The action strategies
finally proposed

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 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

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

1 The initial problem 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

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.

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

2  The knowledge
claimed, discussed,
proposed for debate

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.

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”.

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

3  The people at the
origin of knowledge

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

A “specialist” from an Agronomy
University (soil biology)
The Chambre d’Agriculture (diseases)

A scientist interested in weeds
management from a research
institute

dx.doi.org/10.1016/j.njas.2016.11.004


ARTICLE IN PRESSG Model
NJAS-229; No. of Pages 11

Q. Toffolini et al. / NJAS - Wageningen Journal of Life Sciences xxx (2016) xxx–xxx 5

Table  2 (Continued)

Case studies

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

4 The personal
experiences brought
to discussion

The different applications of stubble
plowing within the group were
compared (depth, results in terms of
weeds germination)

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».

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

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 soil bacteria diversity was  related
to  the existing crop diversity in the
rotation and to soil observations
(coherence of bulks, depth of root
exploration).

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

6  The action strategies
finally proposed

The farmer eventually built his soil
tillage strategy under the constraint of

He reflected the crop sequence and
cover crop species selection from the

Plowing frequencies were adapted
to the seeds longevity in soil,
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a  10 cm depth limit. He adapted and
reinterpreted the stubble ploughing
action from this basis.

ncrease again. Only then were two different practice strategies to
est proposed (Table 2, line 5).

.2. System experiment visit with a group of farmers

During a visit to a cropping system trial, the main experimenter
resented the different cropping systems implemented and their
e-design objectives. One of the variables measured in the trial,
hich the farmers asked the most about, was the amount and diver-

ity of worms in the different plots. The farmers commented that
he simple fact of assessing the presence of worms was of value,
ut that they could not relate it to their practices. The measure-
ents in the trial showed long-term trends that the experimenter

inked to the past management of the plots (e.g. a plot with a his-
orical background involving no ploughing practices differed from
thers). Repeated soil tillage with tine or disc tools which nega-
ively affected worm populations was also discussed. Surprisingly,
he farmers’ discussions focused primarily on the main families of
orm species, as well as their most prominent life traits, about
hich they asked the experimenter for further details. For instance,

hey related the classical movements of the different species within
oil to the effect of their different tools for soil tillage (Table 2,
ine 5). However they lacked more specific knowledge about the
ynamics of development and regeneration at population level to
nticipate the consequences of their actions on a scale of several
ears. One farmer enriched the discussion with observations from
is own farm: an apparent increase in the worm population was
oted, whereas he mentioned very few changes in his practices.
he other farmers led him to specify that stubble ploughing was
uch less frequent, validating the established link between this

ction and the development of certain species.

.3. Farmer’s implementation of stubble ploughing and cover
rops in a minimum-tillage system

This farmer participated in an eight-year project with a R&D
rganization to develop integrated crop management using less
esticide. At the same time, he changed his cropping system by
emoving all ploughing practices. At first, his knowledge about the
echniques associated with no-ploughing strategies was restricted
o the types of machines one can use, and the problems encoun-
ered which lead to removing ploughing (e.g. the energy cost of
Please cite this article in press as: Q. Toffolini, et al., Farmers’ use o
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2

loughing, hydromorphic soils). Rapidly, he had to use more pesti-
ides. In order to continue not to plough while decreasing herbicide
se, he tried to adapt the techniques used for soil preparation and
overing between crops. He implemented stubble ploughing after
effect of crops diversity on soil
biological diversity.

according to the main weed specie
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 com-
paring 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 study-
ing 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 repro-
duction. 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 rein-
terpreted the results concerning the use of stubble ploughing and
the corresponding action of the machine with colleagues, compar-
ing 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. Con-
vinced 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 improve-
ments in soil bearing capacity, but a company harvesting the hemp
on the plot entered after a 50 mm rainfall, which resulted in a com-
pacted 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 rea-
f fundamental knowledge to re-design their cropping systems:
016), http://dx.doi.org/10.1016/j.njas.2016.11.004

soning. 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 ful-
fils nutritional functions, and not only as a physical support, and

dx.doi.org/10.1016/j.njas.2016.11.004
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eformulating his knowledge on the role of bacteria in transform-
ng and supplying nutrients (for instance the role of denitrification
nd nitrification processes). He associated the soil’s nutrition ability
ith indicators (e.g. clod toughness, the depth of roots’ soil explo-

ation, humus content). Second, the specialist specified that the
iversity of bacteria populations is linked to the diversity of plants
rowing in the soil (though without specifying which diversity of
lants). He applied this knowledge to his situation: he evaluated
hat the crop diversity in his system (4 different crops with similar
ooting depth) was too low and decided to introduce a pea crop
combining the functions of crop diversity with the nitrogen man-
gement issue), and to diversify the species used as cover-crops
ith mixtures of species having different root systems to maximize

oil exploration. Bacterial activity was also central to the concept
hat guided the way he interpreted the functioning of the interac-
ions between plants and the soil and therefore between different
ractices, i.e. the continuity of soil bacterial activity across cash
rops by sowing cover crops mixtures: “Well I keep the continuity of
he main crop if you will, and apply it to the other crop.”

.5. Co-development of weed management strategies in
ow-input cropping systems

After the first five years of an R&D project dedicated to the reduc-
ion of pesticide use, fungicide and insecticide uses had reduced
reatly see Ref. [35], but the use of herbicides had not. The project
herefore began to focus on weed control, which differed from
iseases in terms of the timescales that needed to be taken into
ccount. The project actors first visited a long-term system exper-
ment [13] dedicated to decreasing herbicide use. They found the
esults presented unconvincing, due to the poor economic results
f the systems tested, and according to them, these offered no clues
s to possible technical changes to implement. Among the various
echniques tested in this experiment, they nevertheless identified

echanical weeding as a possible weed control technique that they
ad not yet explored. For instance, chain harrows were tested on
arley. The results varied widely from one situation to another:
n chalky soils, they slowed down the cereal’s growth and allowed
eeds to grow back even more than before the harrowing, whereas

n loamy soils, it favoured the barley’s growth, with satisfying
eeding results. An agronomist who had participated in design-

ng the cropping systems tested then presented different elements
f the knowledge underlying his work: the annual rate of decline,
he emergence time, and the germination depth of the main weed
pecies. Once they started to mobilize these aspects, they were bet-
er able to anticipate the results of specific actions such as applying
tubble ploughing, or various frequencies of soil tillage, and could
odulate them to be more efficient. As all the farmers involved

sed different techniques, the meetings were an opportunity for
hem to share their experiences, basing their interpretations on
eed biology. For instance, they shared experiences about goose-

oot infestation, and compared their weed pressure according to the
loughing frequency, which was linked to the annual decay rate:
hey advised each other not to plough after a high infestation rate
ecause of the longevity of the seeds buried. A farmer decided to

ntroduce a new sunflower crop, basing his reasoning on his most
roblematic weeds’ time of emergence, which differs from that of
unflowers (Table 2, line 5).

. Crosscutting analysis: conditions for the mobilization of
undamental knowledge and the process of systemic
Please cite this article in press as: Q. Toffolini, et al., Farmers’ use o
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2

ontextualization

Through the cross-comparison of the case studies looking at
he various forms of knowledge mobilization involved, we  iden-
 PRESS
al of Life Sciences xxx (2016) xxx–xxx

tified four main common results, closely interconnected. The order
in which we present them makes it possible to gradually under-
stand 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 compo-
nents of a system (Table 2) and mainly the biology and dynamics
of biological objects: particular species (thistle in Case 1; cover-
crop 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 intention-
ally 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 cul-
tural 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 deple-
tion 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 fundamen-
tal 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  identi-
fied was  thus mostly qualitative.

In several case studies, this particular knowledge was proposed
by a specialist. This was  expressly mentioned in Case 3 concern-
ing 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 orga-
nized in a synthetic form.

Whereas a large proportion of studies on knowledge exchange
between scientists and practitioners discuss the relevance, acces-
sibility and legitimacy of knowledge [26], our analysis focuses on
the intertwining of strands of knowledge contents and of knowl-
edge 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 contradic-
f fundamental knowledge to re-design their cropping systems:
016), http://dx.doi.org/10.1016/j.njas.2016.11.004

tory with the necessity to anticipate the systemic feedback effects
and unintended consequences of actions. However, in the follow-
ing sections we show how such knowledge content issue is related
to processes of causal interpretation and contextualisation.

dx.doi.org/10.1016/j.njas.2016.11.004
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Fig. 1. The different ways knowledge was linked to action. (The num

.2. Farmers use the knowledge they can link to their own action

The cross-comparison of our cases highlights that the knowl-
dge mobilized was that which farmers could use to steer their own
ctions. In fact, among all the functional aspects of the biological
bjects that farmers might manipulate, they considered as useful
hose for which they could establish a relationship between their
ctions (already implemented or potential) and the response of the
bjects. Through our cross-cutting analysis we  identified four dif-
erent types of relationships or patterns that participate in a process
f contextualization.

First pattern: knowledge about a biological object can relate to
n action that farmers already performed and manage, the effect
f which is also partly known by the farmer. To understand the
ffects on the new object of an action already performed, fur-
her knowledge on this object is required (Fig. 1, Pattern 1). For
nstance, in Case 1, farmers asked for specific details about the
epth at which root regrowth mechanisms occur, to be able to
elate this to the depth of their soil ploughing. This gave them a
etter understanding of the various effects of actions on roots’ biol-
gy and physiology. In Case 4, knowledge about the depth of roots’
oil exploration was related to the no-ploughing strategy, along
ith knowledge about roots’ exploration dynamics and the pos-

ible causes of rooting reduction, to understand soil profiles and
ompaction. This pattern can be considered as a first step towards
ituating knowledge: farmers try to identify the conditions of action
n which the effects targeted will be obtained or not, depending on
he knowledge acquired on the biological object.

Second pattern: farmers can use fundamental knowledge on
iological objects when it allows them to anticipate the effect of

 new action that they have never performed (Fig. 1, Pattern 2).
n Case 1, for instance, they asked for knowledge on thistle roots’
iology in connection with the different tools used for soil tillage.

n fact, since only specific parts of the roots can regrow after being
ut, they tried to select the appropriate tool for soil tillage based on
he depth and width of scalping. In Case 3, the farmer built a new
omplete soil management strategy starting with the constraint of

 5 to 10 cm depth limit for soil tillage, so as to keep the disruption
f carabids to a minimum and thus reduce the occurrence of slug
ttacks.

Third pattern: fundamental knowledge can be used to rein-
Please cite this article in press as: Q. Toffolini, et al., Farmers’ use o
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2

erpret previously observed effects or consequences of an action
Fig. 1, Pattern 3). In Case 1, the 5% spread of thistle through seeds
xplained the low effectiveness of topping: avoiding flowering and
eed maturity blocks a low proportion of multiplication capacity,
n grey circles correspond to the four patterns described in the text).

which is mostly supported by the root system. Farmers also asso-
ciated 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 effi-
ciently 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 funda-
mental knowledge and the farmer’s action highlight a necessary
condition: it must be possible to tackle the bio-physical phe-
nomenon 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 lim-
ited 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 antic-
ipated events and plans based on a known set of actions, that is,
that knowledge on the systems’ processes is organized according
f fundamental knowledge to re-design their cropping systems:
016), http://dx.doi.org/10.1016/j.njas.2016.11.004

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 organiza-
tion of knowledge in both directions: new knowledge also led to

dx.doi.org/10.1016/j.njas.2016.11.004
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he organization of new actions. Building an understanding of the
unctioning of parts of the system results in iterative loops between
nowledge on the biological components and action.

However, this continuous iterative process still focuses on iso-
ated actions or objects, and as such does not fully explain how
he fundamental knowledge is contextualized in reference to a sit-
ation.  According to Dewey [38], we never experience or make

udgements about isolated objects or acts, but only in connexion
ith a contextual whole, which is what is called situation. The con-

exion to the situation isexplored in the following sections.

.3. Fundamental knowledge supports the reformulation of
ndividual experiences and makes them useful to others

A situation is structured by the actor who redefines it through-
ut the action [39]. Addressing the issue of how knowledge was
elated to specific situations thus requires us to consider how farm-
rs actively defined what their situation of action was. Lave [40]
roposed to distinguish the arena, i.e. the material and institutional
omponents of the situation, from the setting,  i.e. the interactive
oupling between the actor and this arena. Farmers readily shared
xperiences from their own situations. However, as these were sit-
ated experiences corresponding to different settings, they were
ot easily extrapolated through comparisons of arenas (e.g. types
f soils and microclimates). In this section, we show that compar-

ng individual experiences with fundamental knowledge allowed
or some reinterpretations, which made these experiences useful to
thers. The term “experience” refers to the fact that these exchanges
elied on the connexion of multiple isolated actions (such as those
dentified in the previous section) within farmers’ discourses and
nterpretations. Furthermore, one experience joins several actions
ut also the emergent aspects linked with their implementation,
uch as the specific variations of a machine action due to fine-
uning, or the climatic conditions at the time the action takes place.
n our case studies, we observed that simple experience sharing
ould rapidly lead to various explanations, depending on the arena,
or local characteristics were pointed to as the sole cause of these
ifferences, which prevented more interpretation and learning

rom others’ experiences. Conversely, when a specific bio-physical
henomenon was used to reinterpret the various experiences, the
esults were not just used to deduce whether or not a technique
worked”, but mostly to validate the farmer’s existing knowledge
pecific to his situation, that is, to reinterpret the setting,  accord-
ng to Lave’s terminology. Personal experiences, when related to a
pecific bio-physical phenomenon, also provide an illustration of
undamental knowledge on this phenomenon, even if the variabil-
ty of the results they show is not fully explained. In that sense, there
s both a reinterpretation of these experiences taking into account
he new understanding afforded by the fundamental knowledge,
nd a reformulation of this knowledge through existing experi-
nces. Cross-comparing the different experiences allowed farmers
o gradually confirm a particular aspect of the functioning of the
ystem, based on fundamental knowledge. In other words, a generic
nowledge, i.e. the understanding of a phenomenon in its func-
ional aspects, can be developed from contextualized experiences,
hich may  be used to design practices in new situations. Moreover,
hen fundamental knowledge is confirmed, the slight differences

n results or observations in various experiences may call for fur-
her specification. In Case 1, the farmers successively shared their
wn experiences with different thistle management strategies, dis-
ussing the results, but struggling to find a common conclusion on
he effects of different techniques because of the variability in soil
Please cite this article in press as: Q. Toffolini, et al., Farmers’ use o
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2

tructure and management practices, weed species and pressure
ntensity, crop sequences, and the climate. However, when one of
hem related each practice and result to the dynamics of thistle’s
eserves, they found consistency in these results and deduced the
 PRESS
al of Life Sciences xxx (2016) xxx–xxx

possible management techniques to be applied to the situation dis-
cussed. 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 experi-
ences, with the fundamental knowledge. Concerning the need to
further specify the knowledge identified through experience shar-
ing, 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 experi-
ence”, 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 combina-
tion of “if . . .then” rules of action, as well as an understanding of
the partial system functioning underpinning these rules. This find-
ing 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 shar-
ing 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”. Accord-
ing 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 “reflec-
tion 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 artic-
ulated 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 reformula-
tion 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). Pat-
terns or processes described concerning these objects may vary in
intensity or accurate values in different environments, but they are
f fundamental knowledge to re-design their cropping systems:
016), http://dx.doi.org/10.1016/j.njas.2016.11.004

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

dx.doi.org/10.1016/j.njas.2016.11.004
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Fig. 2. The three processes (large red arrows) applied by farmers in order

nowledge with the influence of the environment (climatic and
iotic context) in a particular situation, to situate the phenomenon

nvolving the biological objects. Relations with a specific environ-
ent were for instance specified in terms of modulated dates at
hich a phenomenon may  occur, that take into account the local

limate (Case 1: 15 October is a situating element; the date at
hich the root reserves is at minimum was also subject to mod-

lation according to the local climate, which was confirmed from
ast observations of thistle’s development), or the presence of spe-
ific species such as wild oats and foxtail pressure in the targeted
ituations in Case 5.

Second, farmers related the situated biological process to the
ffects of their own actions. This allowed them to validate, confirm
r specify the direct and indirect results of specific practices, and

nvolved the various patterns presented in Section 4.2. Sense mak-
ng in this process appeared to focus on the distinction between
he description of a biological process in the environment occur-
ing without direct human intervention and the part of the process
nduced by human intervention. In Case 1, a farmer asked “you say
hat there is only 3 to 5% of thistle plants which come from seeds,
ut it is because we avoid flowering? or is this the case even in a
ild system?” This second process also materialized in Case 1 when

armers tried to re-draw the curve representing the amount of
histle root reserves throughout the year when different cuttings
ere performed. Interestingly, Walker and Sinclair [46], who  pro-

osed a method to elicit and formalize local qualitative knowledge,
mphasized the relevance of distinguishing the objects, processes
nd actions in order to establish the causal links between them.
hey stated that the “distinction between natural processes and
uman intervention was found to improve knowledge elicitation”.
hus, situating the phenomenon or process corresponds not only to
nswering the question “will it occur and is such a description valid
n this situation?”, but also to answering the one: “what are the sta-
le features of the phenomenon and what are the main variation
actors related to actions?”.

Third, the specified influence of human action on the biological
henomenon was used as a base to broaden the range of practices
hat may  have the same effect. This led to identifying other actions
mpacting the same situated phenomenon (in Case 4, the inter-
ctions between cover crops and diversified crop sequences was
xpressed by the farmer in terms of the impact on soil bacteria
Please cite this article in press as: Q. Toffolini, et al., Farmers’ use o
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2

iversity), to specifying the quality or intensity of the relationship
etween an action and a situated mechanism, or to identifying
ther mechanisms of interest (Case 1: the cover-crops prevent-
adually link fundamental knowledge to their particular cropping system.

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 knowl-
edge 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 nec-
essary for such contextualization, we  were able to unravel how
specific fundamental knowledge may  give farmers a “hold on real-
ity” [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 inter-
pretation 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
f fundamental knowledge to re-design their cropping systems:
016), http://dx.doi.org/10.1016/j.njas.2016.11.004

into the functioning of the biological objects that their actions may
impact. The four patterns followed to link knowledge on biologi-
cal objects to farmers’ action (described in Section 4.2) showed that
farmers develop knowledge, in a joint and iterative way, on the bio-

dx.doi.org/10.1016/j.njas.2016.11.004
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ogical objects involved in their cropping system, and on the actions
hich are part of this system (Fig. 1). This leads to the situated

evelopment of a contextualized understanding of the functioning
f a part of the cropping system which includes action. The causal-

ty built in such understanding directly include the situated actions
ather than potential actions proposed as solutions.

The contextualisation we described does not only rely on tacit
nowledge. It builds a rationality which a-priori is not entirely

ncluded in fundamental knowledge, and it includes action in a situ-
ted way. What stimulates the conceptualization are the variations
n consequences observed in a set of situations. This implies build-
ng an understanding on these variations from the comparison of
he interpretative logics. As such, although based on the introduc-
ion of fundamental scientific knowledge, the processes described
re opposed to a “laboratorization” which adapts the situation to
he implementation of a scientific rationality. They combine knowl-
dge about action and in action, from the situation to the introduced
nowledge. This produces a rationality for action within the crop-
ing systems, which is more than what the fundamental knowledge

ntroduced offers. The meaning and the new understanding of the
henomenon addressed in the situations are built by the farmers
hemselves, and are not fully provided by the scientific concept.

As a consequence, one may  ask how such transformation of
nowledge may  be accomplished or facilitated a priori. A situated
nowledge approach in terms of process and not only content then
ppears appropriate, as argued by Briggs [48] in Indigenous Knowl-
dge studies. Whereas most studies have focused on the integration
nd legitimation of indigenous knowledge through formal Western
cience, Briggs has argued that a focus on processes is necessary:
ays of observing, discussing, questioning, analysing and making

ense of information, whether it is new or received. The processes
e described suggest that the situated knowledge is a situated

rocess of new knowledge generation and not only a knowledge
ith specific characteristics that can become generic and inte-

rated into scientific and local knowledge. Such contextualisation
rocesses should be seen as a continuously evolving “genesis” that
roduces situated knowledge, and in which any concept acquires
ew meaning, depending on the situation. [49] Finally, we can illu-
inate some particularities about how a systemic understanding is

volving. First, it engages a dialectic of various temporal scales and
erspectives, namely juggling between the past and known actions,
he current problem that focuses attention on specific agricultural
bjects and observations of the present situation, and future possi-
le actions anticipated on the basis of the new concepts formed.
his particular embeddedness of temporality in situated expert
nowledge has also been underlined by Riley [50]. Second, the

ntertwining of multiple actions and the iterative way that their
nterpretation is built jointly with the introduction of fundamental
nowledge, can be seen as a particular system understanding: the
ction and its uncertainties are part of the system design, and the
nderstanding targets an action within this system, rather than on

t.

. Conclusion

This article focused on cropping system re-design and addressed
he link farmers make between generic and fundamental knowl-
dge, their situated action on particular systems, and the systemic
pproach it entails. One major finding concerned the building of
n understanding of the functioning of a limited part of their own
ystem by farmers, and the role of such understanding in choos-
Please cite this article in press as: Q. Toffolini, et al., Farmers’ use o
situated contextualisation processes, NJAS - Wageningen J. Life Sci. (2

ng, adapting and implementing new practices. In our study, the
ausality included in the situated rationality of action strategies
armers built within their systems was not included in the intro-
uced scientific knowledge. Knowledge of the system increases in a
 PRESS
al of Life Sciences xxx (2016) xxx–xxx

joint dynamics, along with knowledge of action that farmers imple-
ment. 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 delim-
ited techniques. The knowledge explored by agronomists around
these conditions might be different from that resulting from a con-
tinuous inquiry led by scientists detached from action, and building
causality systems making invisible, or non-compatible, some con-
textualising processes. It is worth remembering that these findings
relate to re-design situations geared towards a greater mobiliza-
tion of biological processes. This might explain the specific focus on
fundamental knowledge about biological components of the sys-
tem. Furthermore, the processes we  described suggest that R&D
agronomists should play a particularly significant role in identify-
ing the possible links farmers operate between generic knowledge
and their situated actions for re-design [51,52]. Rather than supply-
ing sets of operational procedures and “best practices”, they should
contribute to farmers’ identification and observation of the situ-
ated 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.
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