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1. Introduction

The conventional agricultural production systemuieas the use of pesticides to ensure production in
satisfactory quantity and quality, in line with rkar and consumers expectations. However, if theofise
these products can bring benefits for agricultpraduction systems, it can also be the cause dadtiveg
effects on the human health and the environmentnaadincur costs to society. The implementation of
European legislation towards a more “eco—friendlgticulture as well as various national action plan
may bring major changes to agricultural practicéhiw the coming years (Lamine, 2011). In 2003, the
CAP shifted from voluntary to mandatory integratioh agri-environmental practices by introducing
principles of cross—compliance. In parallel, siR6@7 in France, a national and global effort tauceduse

of chemical plant—protection inputs in French agitice, named Ecophyto program, is implemented. Its
main goal is to cut the nationwide use of pestiolg50% in the space of ten years while at theedame
maintaining agricultural production at a high leireboth quality and quantity terms.

Despite the rise of these environmental issueshaidrecent translation into public policies, exgpration

of agricultural practices is still difficult to inkment at large scale due to “lock—in" effectshe socio—
technical system. The socio—technical system castebred as the whole stakeholders and organiztion
linked to the agricultural production, processimgl alistribution chain, plant variety breeding, @sé,
technical consultancy, agricultural policies andl@ociety (Lamine et al., 2010). A “lock—in" effecan
refer to a choice of technique production, of adpid, a standard, or a paradigm, which become the
reference in the whole socio—technical system. Thigice has become such a standard that it seems
difficult to change it, even if there are othereafiatives that could be more effective, which lithi¢
diffusion of innovations (Magrini and Triboulet, 22). In the last decades, organic agriculture and
Integrated Pest Management (IPM) have managed readgpamong farmers, disregarding the socio—
technical “lock—in" effect. Studying the adoptiohmore sustainable agricultural practices suclamiq
agriculture or Integrated Pest Management might heidentifying the conditions for achieving a ush
transition towards a more “eco—friendly” agricutuwo kinds of studies have been made about amopti
of organic agriculture and IPM: some based on #wmsive factors and motivations behind the adoption
and some others based on farmers’ trajectoriegradchanges in conceptions and practices ove tim
(Lamine, 2011).

The main motivations for organic agriculture corsi@n have been identified as: agronomic motivations
such as soil quality, erosion limitation and praguquality, ethical motivations, environmental mations
with the idea that organic agriculture can deahwibllution issues and economic motivations (Genetu
al., 2010). On the other hand, decisive factors lmarsorted in three categories: factors intringsitha
producer such as the age, the education levekaglonomic experience, factors intrinsic at tmfsuch

as the farm structure and its economic resulteatetnal factors such as market regulations otilmatéon

of the farm (Geniaux et al., 2010, Latruffe et 2013).



To describe the processes of transition and chaiaetthe changes in the agricultural practices, a
framework designed by Hill and Mac Rae (1995): Efitciency—Substitution—Redesign framework has
been regularly used by researchers. lIts initial @#as to analyze the whole process of transitiomfro
conventional to sustainable agriculture (Hill anddRae, 1995, Hill et al., 1999, Estevez et al. 0200he
Efficiency step consists on the use of decisiompetools (detection kit diseases, epidemiologmcatiels,
visual thresholds of treatment) and a curativeaiggesticides instead of preventive ones (Lamired.e
2009, Estevez et al., 2000, Sautereau et al., 20Thg Substitution step consists of replacing Hialrm
chemical inputs by biopesticides or biological cohpractices (Estevez et al., 2000). However,dlte®
strategies of pesticides use limitation do not Amdntally undermine the functioning of the cropping
systems neither its design (Naverrete et al., 20Thgn, the Redesign step of Hill and Mac Rae’s
framework which involve a paradigm shift: recognilze causes of system unsustainability and pratent
by the transformation of system functions and stmgcto a more holistic way through the constructd
diversified production systems instead of fightithgse problems by the application of external isput
Thus, diversity will promote interactions betweemmponents of the 'agro—eco—-system', enhance natural
regulation processes, and should therefore helgainigy fertility, productivity and resilience (Hiand
MacRae, 1995, Penvern et al., 2012, Lamine, 2011).

Two main kinds of trajectories of organic agricudticonversion have been underlined: on one hand, a
“direct” conversion where farmers decided to cohgerte suddenly following a health—related inciden
economic difficulties for example. On the other thaa more progressive conversion where first tofes
sustainable agricultural practices occurred lorfgrieethe actual conversion to organic farming (Laenet
al., 2009, Lamine, 2011). By putting in paralletsle types of trajectories with the “input subsititit and
“system redesign” paradigms, Lamine stated thatéas with more direct trajectories had current ficas
which can be characterized as a substitution ofeational inputs by biological ones. This “subgtan”
step still enables reversibility to the transitibm.the case of progressive trajectories, it wassjide to
highlight the three main steps of Hill and Mac Rdeamework (1995) and the implementation of aeyst
redesign paradigm usually leads to more robussitian (Lamine et al., 2009, Lamine, 2011).

The analysis of farmers’ trajectories in a contixhifting to a more sustainable practice undedithree
phases in this shift; awareness raising, experiatient and adoption (Cerf et al., 2010). Awarenéessg,

or in other words, knowledge available for prodscand their ability to “digest” it, is consequenéy
essential step in the shift to a more sustainataletige. In the field of agricultural knowledge aambption

of technical innovation by farmers, the paradigmnlyithe last decades has been a downward trapfsfer
knowledge from research to the farmers. This pgradhave also been called “top—down” approach
(WorldBank, 2006, Chantre, 2011).

However, farmers do not rely exclusively on theutssof agricultural research; they also use a nwicler
knowledge, based on their own experiences and dmaexges with other farmers and advisers (Doré et al

2011, Petit et al.,, 2012). This leads to a new gigm, also called “bottom—up” process, in which



agricultural knowledge is a product of empiricablatedge from farmers or a product of a co—develagime
process associating tightly researchers and far(@rantre, 2011). This “bottom—up” paradigm is not
aiming at replacing the “top—down” paradigm: it caren help to enlarge current agronomic knowledge.
Indeed, even in the absence of appropriate knowlgutgduced by research, farmers still managed to
innovate to meet their needs in terms of produgtier environmental sensitivity. The experience-elolas
knowledge they develop may therefore fill in sonfettee gaps in the research—produced agricultural
knowledge (Doré et al., 2011). Technical advis@gehto adapt to this new paradigm in which scientif

knowledge is missing and in which farmers may beengmialified to provide knowledge (Cerf et al., @D1

In French orchards, conventional system is maigllyimg on monoculture and large amount of pestiide
Although representing a small percentage of thedfrautilized agricultural land (approximately 1%),
orchards were estimated to use 21% of the totauammof pesticides sold in France and with treatment
frequencies 10 times higher than in cereals sys(8astereau et al., 2011). This massive use oicjest

in French orchards is partly due to the facts thit trees are perennial crops which create diffies for
breaking pests’ life cycle with crop rotation syste Moreover, retailers and consumers ask for cfraip
without any imperfections which limit the pest let@erance of producers (Sautereau et al., 20afihe
and Bellon, 2010). The use of these plant—protegiioducts can bring benefits for agricultural pretibn
systems but it can also be the cause of negatigetefon the human health and the environment and m
incur costs to society. This high dependency ontplarotection products in orchards highlights adee
transition of orchard system towards less pesticaa®e more sustainability. Since 2008, the INRA(feh
National Institute for Agronomic Research) reseamch “Ecodéveloppement” is animating a producers,
technicians, advisors and researchers’ networkedaflSustainable Orchards”. Its aim is to share
knowledge, suggest and develop innovative practcesystems design for the shift of orchards toward
more sustainability. After numerous field visitgechnical and scientific background information and
experience sharing, four prototypes of sustainabtbards have been defined including mixed orchard
vegetables and mixed orchard animals systems.tagrimed Pest Management and organic farming in the
last decades, mixed orchard systems may nowadaresent an interesting way of transition towardsano
sustainability. Crop diversification, at the platterritory scale, represent a key factor in otdencrease
sustainability of agricultural production systemsgromoting the reduction of inputs (water, pesiid,
nitrogen fertilizer), the increased heterogenefthabitat mosaics or the reduction of yield losdes to

frequent returns of the same species (Meynard,e2@l5).

Mixed tree and crop systems are mainly deliberatebigned to optimize the use of spatial, tempeamdl
physical resources, by minimizing negative intéoast such as competition while maximizing positive
interactions between the components of the sysiese(et al., 2004). These positive interactionddcou
take place either above ground or below groundtRine presence of trees modify light interceptign

creating shade but also microclimate for the assedicrop in terms of temperature, humidity anddwin
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(Smith et al., 2013, Jose et al., 2004). Seconchavdvegetables combination is a potentially useful
practice to reduce pest problems because this iagsacmay provide greater niche diversity and
complexity than monocropping (Stamps and Linit, /99 he increased of orchard plant diversity may
affect insect communities living within the orchamtluding orchard pests, disease vector arthrebod
also pollinators, predatory and parasitoid arthdspeéhrough an increase in the resource rangdabgtat,
shelter and food. Focusing on belowground intevasti different soil strata occupation with treed an
annual crops root systems may lead to higher effey in the use of soil resources such as water and
nutrients (Schroth, 1998). Associated plant specigesixed treecrop systems, with variations according
to the tree species, develop vertically stratifiedt systems, leading to reduction in evapotraasipin
under the trees increasing air and soil humiditytfi@ associated crop, access to water and nugrant
depth and creation of a ‘safety net’ in which treetroots absorb nutrients which have not beemtage

by the shallower—rooted crops and have therefoea lEached out of the topsoil (Schroth, 1998, Clhnne
et al., 1996, Jose et al., 2004). Thus by promatingosed system with internal recycling of nuttsen
nutrients are accessed from lower soil stratadwy toots and returned to the soil through leafdiadl dead
roots, mixed tree—crop systems enhance soil orgaaiter levels, soil physical properties and reduce
reliance on external inputs.

As in mixed orchard vegetables systems, mixed odefamimals systems aim to optimize the use of apati
temporal and physical resources, by minimizing tiggainteractions such as competition while
maximizing positive interactions between the congmis of the system (Jose et al., 2004). These
interactions can be classified into two categoredtects of the vegetal component (and its assextiat
components such as soil, microclimate and biodity@ren the animals and effects of the animalshan t
vegetal component. First, modification of the lazage and of the microclimate by trees provides many
benefits for livestock such as providing shadetagher humidity levels for sensitive animals totseess,
providing protection from the wind for the weakastmals and providing protection from aerial predsit
for poultry and consequently increase animals welf@Pedersen et al., 2004, Smith et al., 2013).
Reciprocally, grazing or ranging of animals undeitftrees can create positive interactions forttkees
such as deposition of feces and urine which mayskéul to plant development and to maintain soillfey

or reduction in pesticides and herbicides inputn{erson et al., 2013, Bonaudo et al., 2014). tditiad

to their ability to control weed development in loeeds, it has been shown that chickens and geese we
able to reduce harvestme®@giliones) polydrusus, apple saw flyjHbplocampa and pear midge
(Contarinia pyrivorg population when put under fruits trees (Clark &atye, 1997, Pedersen et al., 2004,
Hilaire et al., 2001, Lavigne et al., 2012). Moregvingestion by poultry, sheep or pigs of leaved a
damaged or over—ripe fruits left on the floor & tarvest may represent an efficient prophylacéasnre
against inoculums such as apple saatl that livestock trampling may destroyed volentla (Haseli et
al., 2000, Hilaire et al., 2001, Geddes and Kob(9.

Beyond these agronomic and ecological benefitdxadrorchard system has to be economically prdétab

to be adopted by producers. In other words, whdteprimary objective of diversification is thenth
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valorization, risk mitigation, response to shorteoercialization circuit demand by consumers, will o
decreasing chemical inputs or increasing biodite(®upraz, 1994, Malézieux et al., 2009, Cadilin
al., 2011) the productivity, market opportuniti@sl@cosystem services must be higher than thereantst

to attract producers towards a mixed orchards sysléenese constraints may be requirement for both
orchards and vegetables or animals production kedgd, mechanization constraints, delay in fruit
production start compare to conventional orchamdmagement of two harvest in the same plot, phlysica

protection of young trees, adaptation of grazing) meatments etc.

The overall objective of this Master thesis is teegan overview of mixed orchard system producers’
profiles, system design and trajectories to provmg@roducers and to future project holders, sigtab
references and support. In other words, what kegnehts or concepts may be extracted from previous
experience of producers in mixed orchard systeprawide them and to future project holders, a bldéta
support?

Following semi-structured interviews with techniealvisors and producers, this Master thesis wik fi
characterize the producers who implemented mixetawd systems to identify which structural factors
may have the most powerful influence on produdemplementation choices. Secondly, this Master thesi
will identify producers’ initial motivations, incéines and/or obstacles encountered during thehviags

as well as system designs and agricultural practioplemented by the producers. While motivatioms a
practices will be analyzed through the ESR framéwaor order to question the robustness of the
diversification, this Master thesis will also higjtit diversification trajectories of producers. éadl, it can

be assumed that combination of these elementsnfiagmce somehow or other the producer’s trajeesori
Finally, this Master thesis will reflect on the kefgments which may be extracted from the previessits

and on the knowledge production and support petispsc



2. Methodology

2.1. Literature Analysis
As the amount of reference about mixed orchardegystseems low when writing the primary literature
review, an analysis of the available scientific literathas been realized. The website Web of Knowledge
was chosen because it gathers different scieritificature databases such as Web of Science, CAB or
SciELO.

To evaluate the amount and the relevance of trensiic literature available for technical advis@nsd
producers about mixed orchard systems, a successimyuests composed of key words and Boolean
operators have been realized on Web of Knowledtgbdaé

A literature analysis is an iterative process thlws the following step:

- ldentification of key words from the researchitoand the problematic associated,

- Creation of a request with the key words previpuigentified, specific punctuation and Booleans
operators. As an example, “” requires terms in ¢lkact order you type them, * replaces a string of
characters, OR requires at least one of the tesmed by it to appear somewhere in the document and
NEAR requires the term following it to occur witharcertain proximity of the preceding word in tearch.

- Reading of the results and selection of the seleveferences.

- Refining of the request by addition of key wosysionyms, addition of key words identified during
the first reading of results or deletion of key d®if they create too much “noise” or are “silert’key
word that creates “noise” is a key word that leadhe identification of too many non-relevant refeces
while a “silent” key word does not bring any result

- Comparison of the new results with the previotssoto determine if the request’'s modificationsewver
useful.

Like all iterative process, this sequence can peatd as many times as needed to obtain the desiré
The end of this process is consequently subjectngerelated to the objectives and time of each. iser
this Master thesis, literature analysis was stopgeeh the number of references identified by thalukse

stabilized itself and that the addition of new keyrds did not change this number.

Concerning mixed orchard animals systems, the faguestTS=((orchard* OR "fruit production" OR
arboriculture ) AND (animal OR chicken* OR poull®R geese OR pig? OR sheep* OR "silvopastoral
system*" OR grazing OR agroforestgave 23710 results. This high number included mamyrelevant
references and has to be reduced. In the nextstexjuke terms “orchard meadows” or “horti—pastoral
“organic fruit production” have been added tryilmgdefine at best the system. At the opposite, ¢hma t
“agroforest*” and “sylvopastoral system” have beleteted from the requests because they were retated

references about wood trees. The next step to edtiecamount of un—relevant results was to defioeem

1 Cf. Appendix 1
2 Cf. Appendix 2



precisely the kind of animals to take into accods®a matter of fact, in adding “farm and meat adst

all the scientific articles talking about insectdods for example have been remové8=((orchard? OR
"orchard meadow?" OR "fruit production" OR arborlture) AND (“farm animal?" OR "meat animal?"
OR "grazing animal?" OR chicken* OR poultry OR ge€@R pig? OR sheep? OR grazing))

With 598 results remaining, the second issue wasitph numbers of papers which referred to animals—
trees interaction that did not specifically hapgeméien the animals are physically present on tld fi
such as the import of manure or poultry litter.résolve this, these two words were excluded froamidxt
requesil S= ((orchard? OR "orchard meadow?" OR "organidtfproduction” OR arboriculture OR "fruit
tree?") AND (“farm animal?" OR "meat animal?" ORrdging animal?" OR broiler? OR chicken? OR
poultry OR pig? OR sheep? OR "small ruminant** QRzgng OR hortipastoral* OR "horti—pastoral*"))
NOT TS= (manure OR "poultry litter"}inally, the Boolean operator AND between the peats of the
request have been replaced by NEAR. This operdiwsato select references that present both terms
besides the NEAR in the same sentence or wordgasgtdon. As a result, the amount of references was
approximately divided by 10. Even with few resi(88), a careful and individual analyze of eachnezfee
identified allow to keep only 21 were relevant refeces. The backlash of Boolean operator NEAR is
references where the key words appeared throughuwmeration, without especially being related hea

other’s.

In the case of mixed orchard vegetables, a ficpi@st associated terms about orchard and frug txeé
terms about vegetables productidis=((orchard? OR "fruit tree?") AND (vegetable* ORnharket
garden*")). As a result, 1916 references were identified by tatabase, taking into account crop
association in the same plot as well as presenietbfproductions at the farm scale. To only kéegfirst
aspect, some localization related prepositions veslged to the request such as “inter”, “under” or
“between”. The number of amount sharply decreasedt but went back to 559 when the fruits and
vegetables species were detailed. In the same tiraderm “peach potato aphid” was excluded tovoi
un—relevant references. Finally, the number ofregfees stabilized at 43 when the localization eelat
prepositions were replaced by terms such as “irdgpf¢ “multilayer crop” or "multi—-species system”
TS=((orchard? OR "fruit tree?" OR "fruit grow*" ORrboriculture OR apple* OR pear OR peach OR
apricot OR plum) NEAR/5 (vegetable* OR "market garti OR lettuce? OR tomato* OR carrot* OR
cabbage OR bean* OR pepper* OR zucchini OR egg@&bnion* OR potato* OR radish OR melon OR
squash) NEAR/5 ("intercrop*" OR interrow* OR "asgied crop" OR "crop association" OR "mixed
crop*' OR "multilayer crop*" OR "alley crop*" OR 'ow crop*" OR "combined crop*' OR permacultu*
OR milpa OR "food forest*" OR "plant mixture" ORdp mixture" OR "multispecies system*" OR "species
mixture")) NOT TS=("peach potato aphid*' OR oputiAs for mixed orchard animals system, the youth

of this system leads to a profusion of terms t@des it, which complicate the process of literatanalysis.



2.2. Data Collection Process
As the literature analysis emphasized a lack ofliglued references about mixed orchard systems, the
logical follow-up is to collect information from ¢hinvolved people themselves: technical advisots an
producers.
The first phase of interviews occurred with techhadvisors involved in the development and thesup
of these diversified systems. They were selectadkto the literature analysis, by reading greydiure
or by “word of mouth”. These technical advisors mhaiacted as key informants to collect information
about what exists in terms of knowledge and supfoorthe producers and which non already identified

producer can be interesting to interview.

The second phase occurred with producers alreagiementing in their farms these mixed orchard
systems or producers willing to develop these kiofisystems in a short period of time. During the
interviews, information about limiting and facilitag conditions encountered during the redesigrtgse
and about the diversity of redesign pathways asteay model has been collected.
To identify these producers, a snowball samplinghoe or also called respondent driven sampling (RDS
method has been used. It consists in using keyrirgot and/or documents to locate participants who i
the course of their interviews may identify othergons to interview (Bernard, 2011).
Then the sample of producers has been ordereddiegdo different criteria:

- having approximately the same amount of produceb®ith mixed systems,

- having approximately the same amount of produckeady implementing these systems and

willing to implement one in a few years,

- and having a diversity of producers’ profiles.
The localization of these producers has also bakentinto account, the time available for intengew
realization being limited.
As a result, the interviewed producers sample wasposed of 20 producers. Among them, 9 were
involved in a mixed orchard vegetables system:ditha project to implement such a system, 7 hahdir
done it and 1 had stopped. Similarly, 14 produees=e involved in a mixed orchard animals system: 12
producers having already implemented this systetr?amere willing to. It has to be noted that 3 progrs
had both a mixed orchard vegetables and a mixdthoit@nimal system in their farm.
Interviewed producers were localized in three d#fé geographic areas among the French territ@iy: h
of the producers in the South—East region, 4 ahtirethe area of Toulouse (South West region) aed t
last 6 producers in the West region of France. &@lnegions match with the ranking of the fruit proiilon
region in France. Indeed, South—East with Rhonees\gmd PACA regions hold the first and third positi
in terms of orchard area with respectively 26 08 21 500 hectares of orchards. South—West angdimg)
Aquitaine, Midi Pyrenées and Languedoc Roussillgians which respectively hold the second, fourth
and fifth position in the ranking. Finally, Wesearincludes Pays de la Loire region which is atsikth
position with 6000 hectare of orchards (AGRESTE42()1



Setup dates of interviewed producers were, as pthrwery diverse: values were ranging from 1983 to
2013. Specifically, interviewed producers were riyaproducers either set up since more than 15 years
ago (50% of the interviewees) or producers in tfiest years of production (30% of the producers).
Following the same planned diversity, interviewedducers’ UAA were ranging from 1 to 40 hectares
with, on one hand, 35% of the interviewees (7/2ih Vess than 5ha and on the other hand, the satioe r

of producers with 15ha or more. Then, intervieweadpcers were not distinguishable in terms of land
structure and production standards. Only one pmdwn 20 interviewees had an agricultural land

fragmented while more than 80% of them (17/20) thadorganic farming certification.

The data collection process has been realized batWiarch and the end of May with semi—structured
interviews. With this method, the interviewer uaesinterview guidé'which contains the main questions
and topics that need to be covered during the asatien. The interviewer follows the guide, butilde

to follow other trajectories in the conversatioattinay stray from the guide when he or she feédsigh
appropriate (Bernard, 2011). The producers’ inswguide used in this Master thesis includes 5 main
topics: farm description, explanation of the mdtimas to implement a mixed orchard system, desoript

of the agricultural practices implemented followitite diversification, global assessment and future
perspectives. A time during the interviews was alsdicated to the drawing of a historical timeline
resuming the key events and practices modificatibich happened on the farm.

This method of semi-structured interviews has belemsen because it enables the interviewer to have
similar qualitative data. Moreover, thanks to theeiview guide and unlike in structured interviewis,

allows to tackle complex questions and issues.

A seminary was organized during the last monthhefNaster thesis with the participation of researgh
technicians, advisors, representative of the Aguical Chamber and producers. The number of
participants in each category was planned to banletd but the number of producers was lower than
expected, mainly because of harvest work. Thegfdhls seminary was to present the results of ragter
thesis and to generate a discussion, a debate drewllethe stakeholders about how to support prexduc

in mixed orchard systems.

2.3. Data Analysis
Interviews of both technical advisors and produbesse been transcribed and analyzed through thee@on
Analysis methodology. The key step of this methodylis to choose what unit of analysis has to kerta
into account. Several elements can be counted me@b Analysis such as words, themes, characters,
etc.(Berg and Lune, 2014).

3 Cf. Appendix 3



In this Master Thesis, the ideas and concept egpdesy interviewees are essential to realize atgtiad
analysis of their discourse: themes have conselyusgen chosen as the unit of analysis. Identificadf
potential analytic categories or themes has beaferttaough a combination of inductive and deductive
way. In other words, categories emerged directgnfthe interviewees’ speech and were not pre—ceadei
nevertheless as the interviews were realized withirgerview guide”, the categories mainly followet
structure of this guide.
These categories had to respect several key fBbrslon, 1952):

- Homogeneity: A category has to merge similar ideancepts.

- Exhaustiveness: Each idea, relevant to the reseprestion, quoted by an interviewee has to be

categorized.

- Exclusivity: An idea, concept cannot be preserthin different categories.

- Objectivity

- Relevance
The results of technical advisors’ thematic analygere presented through a vertical analysis lgbtitig
which themes were quoted by an interviewee andrizdrdal analysis highlighting which interviewee
quoted a specific theme.
For producers’ interviews, vertical analysis welsmanade in addition to the historical timelinewlrags
.These drawings were used as a basis to identiiyuoers’ trajectories and to determine what toetarc

the y-axis of these trajectories.

Then to combine qualitative and quantitative ana)ymme of the identified categories were trapslaito
variables and modalities and compiled into a da&b&ome variables were deleted during this prockss o
database creation because they were relevantddetointerviewees or because they did not brirejuls
information to the statistical analysis.

Different kinds of variables were differentiatecaaling to the content analysis categories:

- Variables describing the farm and the produceupsdate, initial production before diversification,
distribution circuits, certification, UAA, land sicture, presence of a technical advisor and
agricultural background.

- Variables describing the diversification procesd project: date of diversification, system chosen,
motivations, source of knowledge, length of theedbity during the season, proportion of land
diversified, diversification ownership and practi@aptation.

From this database, a statistical multivariatey@igalwas implemented with the software R and tlo&gge
FactomineR. First step was to analyze the datal#tbedescriptive statistical analysis such as mean,
median or production of histograms. Then, Multiglerrespondence Analysis (MCA) and Hierarchical

Clustering have been implemented on the differets of variables. They are data analysis technifpres

4 Cf. Appendix 4
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nominal categorical data, used to detect and reptasnderlying structures in a data set. A Multiple
Correspondence Analysis is to qualitative varialtaat Principal Component Analysis is to quantati
variables. It allows obtaining plots where it isspible to visually observe the distances between th
categories of the qualitative variables. Indeed,ditegories that have influenced the most theiledion

of the axes are those that have the higher cotivitsiand are located at the axis end on the pldis.
Hierarchical Clustering is a classification methbdt aims to obtain, from the factors resultingrirthe
ACM, the most coherent and homogeneous possibésedaof individuals. The commonly used measure
for judging the quality of a classification is tragio of the interclass inertia on the total irewf the cloud

of individuals: the higher it is, the more the widuals gathered form homogeneous groups clearly
differentiated from each other. Each individual oaty be classified in one class at a time. Thednahical
tree or dendrogram resulting from the Hierarch€histering method helps us visualize the clasgifioa
obtained.

To use these data analysis techniques, quantitativiebles such as UAA or the date of setup were
transposed in quantitative variables by creatings#s. Thirdly, chisquare tests were realizedealtisters

previously identified to highlight correlation bexan them.

Finally, a conceptual diagram was drawn to visealihich factors take into account in the data agigly
and to presuppose the interactions between thesmrdgFigure 1). This diagram was also usefuhim t
process of writing and structuring this Master the8s a result, the structure of the thesis foiais
diagram with respectively sections about producpriiles, motivations and external factors, system
design and practices, self-evaluation and finaflydpcers’ trajectories which is a combination césh

previous sections.

Diversification Trajectory

Farm at t=interview

Motivations

Farm at t=0

- Setup Date
-UAA
- Initial Production
- Distribution Circuit
- Production Standard
-Land Structure

Diversified System

Time

- Bystem Design
- Practices Adaptations

e S A e . S

External Factors
Incentives/Obstacles

Self-evaluation

ocio-Technical Syste

Figure 1: Conceptual Diagram
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3. Results

3.1.  Alack of suitable references for both producers aghtechnical advisors
Mixed orchard systems implementations are curradrilyen by a growing interest from producers. These
quotes from two different technical advisors unided this phenomenonCbnsistently there are many
people interested by these things among the traihaed “I realize that there are more and more farmers
interested by these systém$o deal with producers’ interest and to providem suitable support,
theoretical and practical knowledge is needed hisdhias been identified by the technical advisertha
main limit for now: 7 advisors interviewed on 8 miiéied a crucial lack of references about mixechard
systems for both advisors and producers. Two teehradvisors summarized this issué limiting
condition is that someone who wants to implemenixad orchard, he has to know that he will be alone
After some days of training session, he will knewnaich as the most advanced technicians on thiscitib
“To really promote the practice we need to be shae there is a positive effect. And to recommersl th
practice we need to know which poultry, sheep grdensity is needed, at which stage of growth adlyre
have a positive effect on such disease for exartipl® had accurate knowledge on which animal, Wwhic
density, which effect on which disease or pest .thisicase we will be able to answer to producers’

requests

The literature analysis confirmed technical addsstatements by highlighting difficulties to findlevant
information and/or references about mixed orchastesns within the scientific literature. Difficuds
encountered in the process of analyzing the referamailable on mixed orchard systems may be exgalai

by two factors: First, the abundance of key wordkh wultiple meaning. As an example, orchard may
define commercial system, subsistence system oragpecies of grass while swine may define thaalni
species or manure. Second, the difficulty to defiih an exact expression or term these mixed edcha
systems. Indeed, there is usually a time gap betwez emergence of a new agricultural system a@d th
stabilization of the key words used in the sciéntiferature to define it.

Another issue that arises in mixed orchard vegetafystem is the existence of similar traditioyatem

in tropical countries, which are unlike the tempesystems, well documented. When adding to theersiq
tropical fruits and vegetables species such asnaanguava or maize, 231 references were found,
approximately 200 more than before. However, e¥dahdse references are relevant, these traditional
tropical systems may not be transposable becausenpkrate climatic conditions and also becausleeof
shift from subsistence to industrialized agricidturhis phenomenon appears also in the case ofdmixe
orchard animals systems: among the 21 relevanterefes identified, a large part focused on trawiitio

tropical systems which aim to subsistence and awwineercialization.

This acknowledgement of ignorance about mixed artkgstems from research or advisors emphasized
the fact that the development of these systemauriemtly carried by the producers themselves. This

“bottom—-up” phenomenon where producers developggstem and subsequently drove research on this
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field opposes to a “top—down” phenomenon whereareses carried on first to the implementatioreagé
scale into producers’ field. It resulted in theaet spread of experimentations to create refeseti@ning
sessions and creation of producers’ network deedte bonds and dialogues, exchange and organize

regional meetings on technical topgics

3.2.  Technical advisors who identify benefits and limitsfor producers in mixed orchard
systems
This Master thesis was realized in the scope @rdening what kind of knowledge and support hals¢o
provide to producers in mixed orchard systems hadliture project holders. In this context, itézassary
to analyze what was the knowledge of researchemfohical structures about mixed orchards and peyduc
who implemented these systems. As a matter of taese structures will be the ones to create krogee

and provide support to producers.

Each technical advisor or researcher interviewathduhe first phase was already involved in a gcbj
related to mixed orchard systems. Among these g)jehree categories have been distinguished:
experimentations, creation of producers’ networtt aining session.

These projects were all implemented in the lastyfears except for one: an experimentation whictesia

in 2000 to evaluate the effects of chickens onspiesh peach orchardAt this time, people thought | was
crazy. Indeed, at this time, reducing inputs wasasamportant as todayThis quote from the researcher
responsible of the experimentation emphasizedrheupsory status of this experiment. Even todages
interviewees mentioned the difficulties to implernewtions due to a lack of interest from the sector
stakeholders for these mixed orchards systefd#e ‘are still at the same step, we and the others
organizations doing experimentations, we prove thatgs work or not and then when it is working, we

need an interest from the stakeholders of the sé&cto

In addition of meeting the growing interest of pwodrs, organizations invested in these mixed odchar

systems projects because they identified thesersgsas having beneficial interests for the producer

(Figure 2). o
c
Among the 8 advisors interviewed, 7 of the %g
. i . . . <5
identified the potential economic benefit thanks Sg
(=2
product diversification and the potential positi "6%
30
c
effect on pest management as the two m ] T S & @S g
. T & ) @Qz ‘j\} O S‘\ NS N
advantages of these mixed orchard syste| 28 & & & & & & @ (° K
) . . e ~\(,'> 'b'b QOQ s@* Q‘Q.@'z’ q')\o g
Indeed, according to the interviewees, product RO XS
. . . . - Q.;\o (b‘o ,\KQ/ «Q;b Qg/b <<\)Q'
diversification could be a way totd' mitigate 9 o
climatic risks but also market riskand to bring Potential Benefits

additional revenue, especially in  organrigure 2. Potential Benefits Identified by Technica
Advisors
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conversion context:Conversion in organic production represents eaailjield reduction of 50%, with a
better price valuation but ... Any economic divfezation is interesting The potential beneficial effect
on pest management differs from mixed orchard \adgjes and mixed orchard animals systems. In the fir
one, interviewees identified diversification as aywo ‘increase diversity and heterogeneity in the "plot
and to use natural enemids/“creation or maintenance of habitats

In the case of animal introduction, an intervievgeenmarized the potential advantages by sayingye “
supposed that we could introduce animals with pytgdtic aim in relation to pest management. Sheep
and scab for example, we supposed that the tragdie feces may accelerate leaf litter decompositi
and decrease scab inoculums. Trampling may alsovioke presence. Also maybe eating of worm infeste
fruits if poultry are introduced When in mixed orchard vegetable system, theiaito create a balanced
ecosystem, the main goal in mixed orchard animstiesy is to introduce a predator against specifitspe
With 5 quotations on 8 interviewees, grass manageimeamixed orchard animals systems has also been
identified as a potential advantage for produdedeed, introducing sheep or poultry into orchardsy
reduce the use of herbicides or fuel for mowingaid by two advisorsWhen you put chickens, it is worse
than an herbicide, at the end there is no more gjraad “For grass mowing, we are sure that if we put
sheep, they will graze so we avoid a moWwirgpncerning mixed orchard vegetables systemsthano
potential advantage has been mentioned by hdieahterviewees: tree—crop positive interactioredated

to agroforestery concepts and potential benefitaciudes nutrients cycle “For me the advantagsuzh
system is the recycling of the nutrients surpludaurthe annual crop. You do not need fertilizatmmthe
fruit trees: you use the nutrients excess fromatieual crop” and microclimate effect for the anmerap
“Having a mitigated climate with the shadow effée, reduced wind, the evapotranspiration’tot first
sight, it appears that mixed orchard animals b&neind consequently potential producers’ motivesjo
seem closer to Substitution practices. As a maftéact, introduce domestic animals as pesticideSa
herbicides replacement may not lead to a systeradiglike the process of creating new habitaisixed

orchard vegetables systems.

However, as for all agricultural system '§ Z
interviewees also identified potentie § 451
limiting factors that may hold back th E g
willingness of some producers t g (1)
implement such mixed systems and at ag; &°§\’\'§®o&°§7’$, ,§°i,§°(;@6“;\o°{;;;\°1§6@®&<\7}
larger scale (Figure 3). Besides the lack = %&6\0 ‘f&&i@é\i@"}i@i‘?}&b &’i@\e"} 7,5@
theoretical and practical knowledge ft *(;@@ \i&‘o& 3
advisors and producers, three quarters ° N

Potential Limits
the interviewees highlighted the system

dichotomy and the mechanization arFigure 3: Potential Limiting Factors Identified by Technical

) ... ... Advisors
workload constraints as the main limiting
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factors for both mixed orchard systems. Indeed,thdrefor mixed orchard vegetables or mixed orchard
animals systems Some producers tried because they understand goeiasion interest but at the end it

was too difficult to manage, it is another professinoted an interviewee.

Associate different productions raise also thedssaf time: The drawback is the time. To be able to give
an equal time to each productiordnd of mechanization constraint8hen you look at a vegetable
producer, which faming tool will be compatible withit trees? The opposite is true tbbBecause there
are many things that you cannot mechanize, you twage it manually. It has to be noticed that the issue
of time may be divide in two different concepts: additional workload when both productions request
work on the same period of time and a time surahagpecially when animals request a permanent
presence.

Introduction of animals into an orchard system esecially introduction of sheep can also be probte

in terms of treatment and grazing planning manageman interviewee rightly raised this issue sayin
“For shepherds it not always interesting becautigeiforchards has been mowed there is not enougsgra
They also are afraid of chemical products. Thisliegpthat orchard treatments are not harmful foe th
animals. If the sheep die, it will be problematidoreover, approximately half of the interviewees
identified legislation and especially sanitary fagjons as a limiting factor like it is well explegd in this
quotation: ‘Some producers introduced chickens or sheep bystopped because it represented too much
management, sanitary constraints, legislation

Another limiting factor has been identified by half the interviewee in the case of mixed orchard
vegetables systems: the need for anticipation beffmplementation. Time is needed to conceive the
project, choose the plant variety and to book tlasnwo advisors saidY'ou need to think in advance in
terms of crop associations. What crop can | maldeumy trees?’and ‘The most important message is:
anticipate for plant material, order the seedlingsadvance, you can make the grafting but you reeed

training session first so anticipdte

Despite the abundance of limiting factors identifiey the interviewees, producers are currently
implementing these mixed systems on their fieldsagrowing number of producers are willing to ke t
same. Interviewees noticed a producers’ typoloigst, fmixed orchard vegetables systems seem testte
more producers coming from vegetables productidh wimain goal of diversifying the productioRdr

me one important aspect is that it is vegetableslpcer who are the most interested by mixed orchard
vegetables. Vegetables producers seized this nhedeluse they are already diversified. Those intshor
distribution circuit wanted some sweet productsaddition to their vegetablésAt the opposite, fruit
growers seem the more interested by mixed orchamthads systems: The fruit growers are more
interested by introducing animals in their orchardsloreover, some interviewees highlighted the high
proportion of producers in setting up process withie producers interested by these systems beohase

higher flexibility: “Instead of conceive the project with separate platse more and more young people
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who are setting up and want to mix crops, to makeals grazed under the trees, to put vegetables ...
This is something that you have to think in advadyemause after that, a fruit trees system is “frdzer

some years.”The second phase of interviewees, focused on pesslwall allow to confirm or not this

typology.

3.3. A multitude of producers’ profiles
In the scope of providing suitable knowledge argpsut to producers who had implemented mixed octhar
systems or are willing to, it is necessary to idgrdat whom technical structures are talking tadded,
technical structures have first to identify thereladeristics of the producers who will receive tiseipport
and/or references. These characteristics will bésaseful to position future project holders coraplaio

producers already setup and give them suitablecasglvi

The significant proportion of producers in theisfi

years of setting up corresponds with the produce 1o vov

profile identified by the technical advisors (Figu . | E “;3;“

4). However, when distinguishing producers

mixed orchard vegetables system and those in mi

Frequency
1

orchard animal system, another classificati

tendency can be identified. The first ones are Ipai

o 4

(5/9) in their first five years of production whitke

Less than 5 years 5-10 years 10-15 years 1520 years  More than 20 years

second ones are mainly producers setup since n etp e

than 10 years and even since more than 20 yearrg e 4: Sample Distribution according to Setup Dat
7 of them. A hypothesis that can be stated is tand the Diversified System (n=20)

producers in mixed orchard animals may be moreraxpated in terms of agricultural practices. They
may have capitalized more practical knowledge frpevious experiments and may have more “tools”
available to react in case of issues in their micsethard animals system.

When distinguishing producers in mixed orcha

vegetables system and those in mixed orchard ani

o o

system, a dichotomy in UAA can be highlighte 3 Moy
(Figure 5). The first ones do not have more than | W Goth

hectares while the distribution of producers mixil

T -

Frequency

fruit trees and animals in their fields is more reve

However, this distribution is easily interpretabiethe

fact that vegetables production farms do not ugu: o -

. . LessthanSha  5-10ha 10-15ha 15-20ha  More than 20ha
owns a large agricultural area. According to Agee!

UAA

(2013), the national UAA average for vegetabl o )
Figure 5: Sample Distribution according to UAA anc

specialized farms is 10,8 hectares. Moreover, ifjle fthe Diversified System (n=20)
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proportion of large farms in mixed orchard animalstems may be explained by the need for producers

with a self-sufficiency aim to have pasture or fedtbr their animals.

The initial production of interviewees before disification, in other words before the associatibfruit
trees and vegetables or fruit trees and breediag,b@en sorted into 4 categories: breeding, orchard
vegetables and others. The “others” category ireduadl kind of agricultural production which is rpart

of the last three such as grassland, cerealsyisic.

This distribution highlights the fact that most f2@) of the initial systems were orchards (FigureTtis
dominance of orchards among the initial systems

interviewed producers is especially true in theece

0o mov
O MOA
B Both

of producers in mixed orchard animals system. Tl

result confirms what have been previously said

technical advisors about the dominance of frugtr o

growers through producers interested in mixi = A

orchard animals systems. Knowing the produce -
o _ y o J P - [ \_1
initial production is essential in the process Breeding Orchond e Ventaioc

Figure 6: Sample Distribution according to Initial
System and the Diversified System (n=20)

coming from an orchard system may not need

providing suitable support. Indeed, a produc

support in fruit trees management as well as ederra@ay not need training sessions about husbaniey.
diversity of initial production among producersrinixed orchard systems consequently determine the

diversity of knowledge, training sessions thatdtractures have to provide.

A Multiple Correspondence Analysis has been redlizn structural data variables to identify
discriminating and aggregation variables in orderidentify a producers’ typology. However, some
variables such as Demeter certification or Agrizat Family have been removed from the analysistdue
a non-homogeneous distribution or due to too maisging data.

First the eigenvalues have been analyzed and idesdecided to keep two dimensions or axis ttrogs
with the MCA. Indeed, the cumulative percentagéotdl variance explained by the two first dimension
is approximately 36%. The second step is to analyzeontribution of variables and their modalities
each axis to determine what is categorized by tdesensions (Figure 7). On the first dimensiontuge
date inferior at 5 years”, “no wholesale distrilbati and “other initial production” are opposed getup
date superior at 20 years”, “wholesale distributiand “orchard initial production”. It seems thhid first
dimension opposes, on one hand, new farmers séti@igagricultural production in short marketirigeait

and with a fallow or pasture initial system andtloa other hand, farmers setup in orchard systeoe in
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long time, with a part of their production in a \Jisale distribution circuit.

MCA factor map
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Figure 7: Modalities Contributions Map on Dimensiors 1 and 2 of MCA Structural Data

A Hierarchical Clustering on Principal Componet{€PC) enables to visualize a producers’ typology an

.

inertia gain

the HCPC on this set of variables identified 3 @usof producers (Figure 8).
Variables "Initial Production" and "Setup Date" ar

“UAA” are those which characterized the most tt Hierarchical clustering

000 D45 0.30

partition in these three clusters. When focusing Cluster Dendrogram

which variables and modalities characterized ec

03

cluster, the statistical analysis emphasized treafitst

one on the left gather producers, mainly in mixe

[: 5]

orchard animals system, who diversified from ¢

orchard system, with a large UAA and setup since

o1

years or more. The second cluster gathers prosluc

mainly in mixed orchard vegetables system or havi

1]

preraosnages o

oo

11

both systems, who setup since less than 5 years,
small agricultural land previously in fallow or pa=e. Figure 8: Cluster Dendogram of HCPC Structural
Finally, the third cluster mainly gathers producere D32

diversified their systems from a breeding or velgles system.

As a result, the distribution circuit related vates (wholesale, direct or producers’ shop distrdm) and
especially the presence of a wholesale distributibith highly contributed to the MCA axis, did reut

on the clustering process.

This typology of producers according to their stmual data may have consequences on the support
provided to them. Each cluster of producers magramt with stakeholders in two or even three ssgtor

stakeholders that the other producers may notlatedeto such as organic farming advisors for tivaisie
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the certification, employees from a wholesale distion center for those concerned by this kind of
distribution circuit, sanitary administration fdnase with animals etc. Moreover, producers willtog
implement a mixed orchard system may, accordinbeeluster they belong, will receive different dkiof
information, knowledge, advices which will influend¢heir management practices of their diversified
system. As a result, the diversity of knowledge aogport received by the producers may leads to a

diversity of mixed orchard system design.

3.4.  Producers having multiple motivations to diversifytheirs systems ...
When asked why they have chosen to implement adrehard system, whether with the association of
fruit trees and animals or fruit trees and vegetabihterviewed producers’ answers were diversaever,
initial motivations have to be distinguished froetefmining factors and positive benefits seen whels
the diversification implementation. The latter viit described in a next part.
7 kinds of motivations have been quoted:

- Economic motivation represents the willingnesgrioduce two agricultural products instead of
one on the same area of land. Producers who hastedjthis motivation wanted to earn a secondary
income thanks to diversification or to make thdidhiinvestments such the land purchase profitable
“Meanwhile, | have to earn money and associate abgs and fruit production seem to be a good idea.
Land being very expensive, | cannot afford to tralye fruit trees because of the time interval beetbey
enter into productioh

- At the opposite, the motivation called “philosag#i approach” related to producers who wanted
to introduce a new kind of production but withowcassarily an economic goal. It could be a will of
creating a diversified ecosystem with plants anichals like for these two producers for exampliaze’
always assumed that if the ecosystem gets morel@gniphas more chances to balance itsedftid 1
always wanted a mixed farm, with animals and plamisa will to mix trees and vegetables in a
permacultural way of thinking.

- Pest management has also been quoted as a kiegtmotby producers. Creating new ecological
niches by associating fruit trees and vegetablessimig the predatory abilities of a domestic animay
help to deal with pests and to reduce pesticides Tisese two quotations of producers, one in a anixe
orchard vegetables system and the other in a nuisedthrd animal system illustrate this biologicahtrol
motivation: ‘We are trying to bring a high biodiversity into tfield to have natural regulatiohsind “We
introduced sheep to deal with pest problems irotisbard'.

- Creating a microclimate under the trees canomlse a motivation encountered in producers’
discourses. This microclimate can be beneficiabfith animals productior put trees to protect the hens
during summer. In winter, this place is a wind édor so | thought of trees for windbredlsd vegetables
production The primary objective is to create a windbreakatfnd to bring a different atmosphere on

the plot.
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- Some producers quoted the planting of fruit treges way to create an enjoyable place to work.
A vegetable producer who has planted rows of frags in—between its vegetables summarized thss ide
“It creates a certain harmony, working in a bettevieonment with shadows, shapes and vegetation is
much niceft. As for the “philosophical approach”, this motti@n was not previously identified by technical
advisors.

- Another motivation, exclusively quoted by prodscaith mixed orchard animals systems or
projects, is the grass management. Indeed, hethisafomestic animals like sheep, horses or evesegee
are able to graze under the fruit trees and t@oepihe use of a moweilt's a bit ridiculous to mow grass
when we know that there are animals that will l@gte

-Finally, the last motivation formulated by inteewed producers is the renewed nutrient cycling
that is taking place in mixed orchard systems. Adicg to the producers, this process may happéereit
in mixed orchard vegetables systernig idea is that trees will catch the leaching ogten from vegetables
production. And at the end, nitrogen goes backhgirtbranches, in their fruit and leaves which fall
autumni or in mixed orchard animals systenmsven with few hens per square meter, there is tpmh

and in this case there will be a nutrient exchahgeveen the chickens and trees

12
10 —

When focusing on the quotation frequency (Figu

9), grass management, pest management
economic diversification are the main motivatio

raised by the interviewed producers with respeltiv

o N B O

11, 11 and 9 producers on 20 quoting them. It ba MOA

Frequency of Quotation

be noticed that producers in mixed orcha E MOV

vegetables system and those in mixed orch

kS|
€
o
c
o
s
w

Philosophical..
Microclimate

animals system have not the same initial motivat

Pest Management
Nutrient Cycle

to implement diversification on their farm. Indedd,

Grass Management
Work Environment

some motivation such as the philosophical appro Producers' Motivations

is approximately evenly distributed among bOw«
L ) Figure 9: Producers' Motivations according to theit

systems, other motivations are exclusively quotedp;ersified System

producers in one kind of mixed orchard system. Thiparticularly the case for the grass management

motivation which was quoted by 11 producers onlthén mixed orchard animals system and by none of

the producers in mixed orchard vegetables systdme. dpposite situation also exists with the work

environment motivation.

As previously stated in the technical advisorseimtews analysis, it may appear that producers’

motivations in mixed orchard animals systems selesec to Substitution practices. As a matter of,fac

introduce domestic animals as pesticides and/didides replacement may not lead to a system Rgalesi

like the process of creating new habitats in migezhard vegetables systems.
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A Multiple Correspondence Analysis has been redl@e motivations related variables to see if predsic
can be gathered according to their motivationsstFire eigenvalues have been analyzed and it leas be
decided to keep two dimensions or axis to continiile the MCA. Indeed, the cumulative percentage of
total variance explained by the two first dimensiaapproximately 61%. The second step is to aealy
the contribution of variables and their modaliteeseach axis to determine what is categorized bgeth

dimensions (Figure 10)

_MCA factor map
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Figure 10: Modalities Contribution map on Dimensiors 1 and 2 of MCA Motivations

On the first dimension, variables “landscape mdaiive, “climate motivation” and “grass motivatiomire
opposed. Thus, it seems that the first dimensioposgs, on one hand, producers for whom main
motivations are the microclimate and the improvemkienvironment, and on the other hand, producers
with the grass management as their main motivatdimen the kind of mixed system is put in illustvati
variable, the microclimate and landscape are cdrdeo mixed orchard vegetables systems while grass
motivation is linked to mixed orchard animals syst@he second dimension seems to oppose on one hand
producers with economic motivations, willing to kaan additional income, and on the other hand
producers with a “philosophical” motivation suchvéilingness to have mixed productions, enjoyment o
working with animals. The latter distinction isfibs part, independent from the system choserhby t

producer.

A Hierarchical Clustering on Principal Componemsiaes to visualize a producers’ typology according
to their motivations and the HCPC on this set afaldes identified 4 clusters of producers (Figlifg.
Variables “Motivation = philo”, «Motivation = landape" and "Motivation = climate" are those which
characterize the most the partition in these féusters. When focusing on which variables and moes
characterized each cluster, the statistical arsbtsown that the first cluster on the left gathedpcers,
mostly in mixed orchard vegetables system, who epiat high number of motivations, especially those

related to economic, climate and work environment.

21



These producers seem to have a more systemicdde

o

their system than those focusing only on one pmst Hierarchical clustering

Cluster Dendrogram
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Figure 110 Cluster Dendogram of HCPC
Motivations

3.5. But facing incentives and obstacles in their diveication pathways
Producers’ motivations are a major factor in thecpss of system diversification. Indeed, they obsiiyp
influenced the decision of diversifying and the ickaof the system, whether association of fruiégsrand
vegetables or fruit trees and animals, but they lilghly influenced the agricultural practices implented
on these diversified systems. In addition to maidres, external factors may also play the roleoéntives
or obstacles and determine the decision of divieadibn and/or the time gap between the idea ad it
fulfillment. These incentives and obstacles presgrhe implementation phase have to be distingdish
from limits and drawbacks which appear after soeery. One of these external factors is the infaonat
about mixed orchard system available for produdgnsier the word “information” is gathered referesice
from readings, whether scientific or popularizativerature, training sessions and knowledge aequiin

the framework of a farmers’ network.

In our interviewed producers’ sample, almost all c 20
them had access to at least one source of infawma & 5
about mixed orchard systems (Figure 12). §
Only half of the producers used readings as a safrc g 10
information while 18 producers on 20 foun g’_ 5
information, advices and references from formal a Z 0 -
informal farmers’ networks. This result illustrateell Training  Readings Networks
what have been noticed during the technical adwis Sessions .
Information Source
interviews: there is a lack of scientific knowledd®sout

these mixed orchard systems and consequently tiFigure 12 Sample Distribution according to the
_Information Source
latter are supported by producers themselves in a

horizontal process.
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Thus, the information availability may be charai@ed as an incentive or an obstacle, dependingeof t
producers: while one say that the meeting witkchrieal advisor was a triggdrmet a man from Agroof,

he left me a DVD and quickly explained to me wiggbfrestry is and | thought: this is what to do!”,
others see the lack of information as an obstaxltheir will “We know nothing about that. If | had

references about species or things like that, litlve a big step!

Many other external factors can act as incentivelhstacle of system diversification and these facto
differed according to the mixed orchard system ehdsy the producers. In mixed orchard vegetables
systems, incentives may be a selling opportunitg oequest from consumerSifice the beginning the
project is to add fruits into the consumers’ basketople are interested by thias well as a collateral
effect from high land prices. In the case of arhard implementation, producers may not be ablé&toca

a non—productive time period and may be willingptoduce something during this tim&He land is very
expensive, | cannot afford to only have fruit tréegore they start producing so associate them with
vegetables seem a good itlda this case, diversification consequently letmgitensification in terms of
productivity/hectares. Producers willing to implerth@ mixed orchard vegetables system may also face
different obstacles such as regulations and diffidn the choices and the availability of planttevéal.
The first obstacles, regulations, may be relategei@mments compatibility in the framework of agamic
certification ‘1f | want to put copper on the fruit trees and thare salads under them, | canhot related

to production standard3he PDO forbid the cultivation of another crop beém the olive treés
Concerning mixed orchard animals systems, the maéntive may also be a request from consuntegg
production is very attractive in the organic sectiocan sell them in the 300 shops where | alresely my
apples? However, except from difficulties in the choicasd the availability of plant material and/or
animals We do not know which species is suitgbl#Ve went to Austria to buy the first shegpbstacles
encountered by producers are different from therothixed orchard system. They could be funding
difficulties “We looked for funding but it was not easy. We badketay tree planting because we did not
have European funti®r even non—adequate sector organization andatguo constraints When you
want to do official breeding, there is a lot of adstrative constraints, when you are a small stae is

very difficult [...] Breeding sector is not organiziat small producers

These external factors, which act as incentivesadnstiacles, are linked to the upstream and dovarstre
sector organization. As mixed orchard animals systand mixed orchard vegetables systems do not
involve the same sectors, fruits and breedingHerfirst one, fruits and vegetables for the secertkrnal
factors are different too. Obstacles, even if thieynot numerous, may influence the way the praduite
implement its mixed orchard system or may even ni@kegive up the project. Indeed, producers may be
tempted to implement a mixed orchard system base8ubstitution practices rather than on a system
Redesign to have the possibility to go back to Es%ic” system. Some of these obstacles to the

implementation and the development of mixed orclsgeiem may be removed or at least decreased with
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a suitable producer’s support. Creation of refeesnof farmers’ networks, advices in the speciab an
varieties choices, support through the procesaundihg search may enter into the scope of action of

technical advisors and the structures they belong t

3.6. A multitude of system (re)design related to the diersification
While interviewees' setup date underlined tw

tendencies among interviewed producers: producer:

their farms since more than 15 years and produner: ; o Moy
their first years of production, the date of divéization % ga
implementation do not follow this dichotomy (Figur§ o 4
13). More than half of the interviewees (11 prodaam ¢ -
20) have implemented a mixed orchard system ifaite = -

I I

10 years. Moreover, among these 11 producers, ©-

Less than 10 years 10-20 years. More than 20 years:

implementation of a mixed orchard happened indie |

Diversification Date

5 years for 9 of them. These numbers highlighted Figure 13 Distribution according to the Date o
fact that the spreading of these mixed orchardesysl_:)iversmcation and the Diversified System (n=17)
among farmers is a recent phenomenon. When dissinigpg producers in mixed orchard vegetables
system and those in mixed orchard animals systgrmducers associating fruit trees and vegetabied o
have started the process of diversification impletaigon during the last ten years. More specificaliese

6 producers diversified their systems during tlsé%ayears while distribution of producers assauggfruit
trees and husbandry is more even. Moreover, wheusiog on the time interval between the producer
setup date and the diversification start, halfhef producers have diversified their system in tBeirst
years of production (Figure 14).

Consequently, a tendency that can be highlightad these

numbers is that producers may not necessarily wait

stabilization and cost—effectiveness of their syshefore

8 10 12 14

diversification. Indeed, it can be assumed that 1

Frequency

implementation of a mixed orchard system requir

6
I

investments, new agricultural practices and evew n

|

machinery: a phase of transition consequently see -

Less than 5 years 5-10 years More than 10 years

necessary. This relatively short transition phasseoved

Time Interval Setup Date-Diversification Date

highlights a risk—taking behavior from interviewer,‘:igure 14: SampleDistribution according to

producers. Then, support from technical advisors @re the Time Interval between Setup Date an
o _ _ o Diversification Date (n=17)
organizations associated may deal with this ridiirta
behavior and this by two ways. First, make thik-+iaking behavior of producers profitable and axlle
references, data, and knowledge from producersalveady implement a mixed orchard system. Secondly,

all this new knowledge acquired must be pass tdywers willing to implement such a system.
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If the diversification process is quite recent fioost of the interviewed producers, the technicalicds
and agricultural practices related to this divécation highly differs from a producer to anotheda
between mixed orchard animals and mixed orchardteédes system as well.

Concerning mixed orchard vegetables systems, dekignsity can be characterized with the following
criteria:

- Distance between fruits trees and consequendysfface available to grow vegetables. This
distance turned out to be highly variable accordmthe motivations or objectives of the producand
ranged from 3m to 40m. In the latter case, sudgladistance between rows of trees was explaingtidy
producer as a precautionary approadhdid a spaced grid with rows at 40m from each othdf in 10
years, it satisfies me and | want to densify mbuwei)l but | keep this time of reflection becausda not
want to plant and having to pull everything in Hags because it is too defise
This distance is also representative of the praoidtierarchization that may happen in mixed ordhar
system: the priority can be put by producers oit fmoduction There is 4m between peach trees and 6m
between plums ones, it is approximately the digtaacommended in a fruit trees specialized farm |
could have put 1m supplementary but | wanted t@ H&0 trees and | built the grid as in a monocudtur
orchard’ or on vegetables productioifhese trees rows are spaced 20m apart, there iespacause we
are vegetables growers prior than fruit trees groste

- Diversity within fruit trees is also varied. Vegbles could grow under a unique fruit tree species
such as olives treeSince two years, we are producing vegetables betwbees trees rowsor under
various fruit trees species such as with the int&ree systemlt terms of trees species, there is cherry,
peach, apricot, pear, apple and plum. And amongehthere are 3-4 varieties by speties

- The “life expectancy” of the mixed orchard vedmé¢s system depicts another criterion of
diversity among producers. For example, two produae the sample will reduce the percentage of
vegetables production under fruit trees to onlypkae orchard systeiin the future, when trees will be

bigger, vegetables production will be reduced”

In the case of mixed orchard animals systems, la diigersity of system design can also be identified

- The first criterion of diversity among intervied/groducers is the animal species and the amount
of these species in the farms. Animal species ggaizito orchards could be sheep, pigs, cows, horses
donkey, chickens and other poultry. Sheep and poalte the main animal species encountered: 9
interviewed producers on the 14 with a mixed ordtarimal system have sheep grazing under thetr frui
trees and 6 on 14 have poultry which may includekeims, geese or ducks. These animals speciesecan b
the only one into the orchard or may coexist indhghard like at this interviewee's farrhfave twenty
horses, about fifteen sheep, between 10 and 30ipagpends, a hundred chickens, 150 poultry idicig

the chickens, geese, ducks ... Also 4 cows, a dar it must be dll In the process of identifying
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producers’ trajectories, this criterion may be iadle indicator of the diversification level witha mixed
orchard animal system.

- The animal introduction into orchards can aldtedin terms of grazing duration. This latter can
be of a few months, mainly during winter time tmm@vtree damages like with this producer examgle: “
implement a rotational grazing, when there is vatien on trees, | do not put them there. They aazigg
on plots where | have no trees from early Marchlumid—July’. The animals, mainly poultry species but
in some case sheep and pigs, may also grazechmtmr¢hard during the whole year whether or natethe
is vegetation and fruit on the trees.

- Another criterion of diversity among producersmixed orchard animals system is the animal
ownership. Producers may associate themselveawigarby breeder and let him use orchards as@areast
“Every winter, he comes with 400 sheepproducers may buy their own sheep. This asgiori with a
nearby breeder concerns 3 producers and is sonsatagaested by producers not willing to deal whtkirt
own animals!Ideally, it would be that we find someone, a breedho is willing to bring us sheep from

time to time.

Agricultural practices related to the diversifiggs®ms can also be considered as adaptations\abpse
practices in a “classical” system such as vegesadndruit monoculture or, in other words, as a &sgh
of a “classic” agricultural system. These adaptetioan occur through different agricultural prassic

fertilization, tree management, pesticides useaver and buildings arrangement (Figure 15).

However, not all components of the agriculturateys

were adapted and producers did not adapt the s

components according to their previous system &

practices. Vegetables turnover is a suitable exam

some of the producers reasoned the vegetables/airn

Frequency of Quotation

& amon
according to the presence of the fruit trees caridpy (.\\\\'3’ Q?g@,obe% & %\5\\6
. NS
there are vegetables that fear the wind, for exampl < Q/@"" N
<&

will put them between the trees. And if there &
Practices Adaptation

vegetables that like the wind, like garlic for exden I'll

put them in open plots. It is the same for salaWiSgjgyre 15 Adaptation according to the
summer which like to have a bit of freshness; vigui  Diversified System

them under the treésvhereas other producers do not reason the velgstalirnover except in terms of
commercialization The turnover is made rather to be in line with witegt customers want than according
to production problenis Fertilization practices followed the same schemith producers adapting the
amount of nutrients they spread on their fieldadapt it but not in a scientific way: this yearapplied
lower doses because it is a year of alternation laechuse there was sheep during wiritend producers
not adapting their fertilization practicesdo the same as before, sheep are just recyclimat they are

eating'.
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Practices adaptations may also differ from produegcording to the mixed orchard system they have
chosen to implement. Whereas some adaptations asidree management are approximately evenly
distributed among producers in both mixed orchgsiesns, some others are exclusively applied in one
system. The adaptation “buildings” for examplepigy applied by producers in mixed orchard animals
systems who had to build fences and shelters tp #esr animals close—by and to protect some pmdrts
the fields. Moreover, mixed orchard animals systeemsm to imply more practices adaptations for the
producers than a mixed orchard vegetables systedeed, in addition to the adaptations related to
fertilization, tree management and buildings praslp quoted, pesticides use is also an agricultural
practice influenced by the association of animald fauit trees. Producers quoted this phenomeribime *
first issue with sheep is copper application. sise very few amount of copper, highly fractionated

When analyzing these practices adaptations in tupes of the Efficiency—Substitution—Redesign
framework, it may seem that the highest amountattires adaptation applied in mixed orchard arémal
system bring it closer to a Redesign process. iflaig remain as a hypothesis because some adaptations
such as adaptation in fertilization and pesticiohesy just be part of the Efficiency or Substitutistep,
keeping the system away from a Redesign. On ther dthnd, practices which seem to be a part of a
Substitution process such as replacing a mowehbgsmay finally be part of a Redesign process when
the producers adapt other practices in order tcag@correctly the first one.

As a result, agricultural practices implementedobyducers in their diversified systems are divense
related to different knowledge: field layout, (pb)ganitary issues, management production,
commercialization etc. The support that may brewhhical advisors or scientific research will nseety

take into account this “multidisciplinary” approach

A Multiple Correspondence Analysis has been redl@ethe variables related to the design and excti
within the diversified system. The starting dateliokersification and the kind of system chosen Hasen

put as illustrative variables. First the eigenvalbave been analyzed and it has been decided potkee
dimensions or axis to continue with the MCA. Indgeé cumulative percentage of total variance expth

by the two first dimensions is approximately 46%eTsecond step is to analyze the contribution of
variables and their modalities on each axis tordgte what is categorized by these dimensions ¢Eigu
16). On the first dimension, producers with a terappdiversification that is not belonging to themd
who adapt their fertilization practices are opposethose with a permanent and personal diversifica
who do not adapt their fertilization practicesséiems that the first dimension opposes, on one, hand
producers associated with a nearby breeder tdhéstpsgraze during winter time and on the other hand
producers having implementing by their own the diifecation during the whole year, whether by

introduction of animals or by association of frmées and vegetables.
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Figure 16: Modalities Contribution Map to Dimensions 1 and 2 of MCA Practices
The second dimension seems to oppose producersdbcsified only a part of their farm without
necessarily adapt their pesticides and tree managgmactices on one hand and producers who dieet si

their whole agricultural land while adapting thefactices at the same time.

L. , o MCA factor map
The individuals’ scatterplot may allow- :

identifying a first classification tendency amon |
producers according to their diversifed syste2 ] . . "
and their agricultural practices related (Figu 15 g

17). Producers 4 and 12 seem to be disting T (N
producers whereas the others producers se_
more homogeneous. When looking for detal” "

into the database, producers 4 and 12 are L

F ] P

only ones, in mixed orchard animals system, i

be associated with a breeder and to have stFigure 17: Individuals Scatterplot of MCA Practices

grazing their orchards during winter time. Thisstér localized on the right of the first axis matath the

previous interpretation of this dimension.

A Hierarchical Clustering on Principal Componerstshiecessary to reinforce or not these first tendenc
of classification (Figure 18). As a result, the HOPartly confirmed it: 3 clusters of producers wenreated,
some of them similar to those previously identifiedr example, at the producers 4 and 12 previously
identified were added the producers 6 and 18. KBlyevariable which has been used to create thsteriu
the one in the middle on the figure, is the tempoespect of the diversification and more precisbly
fact that this diversification is only present innver time during the sheep grazing time. The sdcon
identified cluster, on the right of the figure, hesen mainly characterized by the modalities land

proportion=all and adaptbuildings=yes. This clugtgsentially gathers producers in mixed orcharghahi
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system, animals being present on their whole aljui@l land and who invests in buildings such asés

or shelters.

Finally, the third cluster is mainly characterizeyl

the modalities land proportion=par Hierarchical clustering j‘h
adaptbuilding=no and adaptturnover=yes. It uni Cluster Dendrogram g —

o inertia gain

producers, essentially in mixed orchard vegetak

system, who usually own a part of their agricultul

land non-diversified for monoculture fruit o o]

vegetable production, adapt their vegetab

turnover to the fruit trees presence and do nasy

in buildings. It has to be noticed that only tt

variable “diversification duration” which have twi

0.00

ok ooT-foaTNNO-n000

modalities (temporary and permanent) was usec

characterize both a dimension in the MCA ancrigre 18: Cluster Dendogram of HCPC Practices
cluster in the HCPC.

A chi-square test has been realized to see ifrdntipes’ clusters are correlated to the motivatictusters.
The result is a p—value of 0.09348 which is highan 0.05; motivations and practices consequeadyns

to be not correlated. This result may be explaimgdhe fact that agricultural practices are notyahke
result of producers’ motivations. Indeed, they teninfluenced by structural constraints, commercial

outlets or even non-suitable machinery.

3.7.  An empiric evaluation of the mixed orchard system$y the producers themselves
Besides initial motivations and determining factibrat influence producers to diversify their systeand
the way they implement and manage this diversibcatproducers may, after some years of working in
their diversified systems, identified benefits dimaits to their systems. It has to be noticed thaboth
mixed orchard systems, producers do not use irdigdb evaluate their systems: they based their

conclusions on empirical observations.

A high variety of benefits of having mixed orchaybtems were identified by producers themselves. Th
majority of benefits corresponds to the initial mations of producers but some of them were unegec
by them which may help to promote the developménhese mixed orchard systems. However, many
benefits were quoted by few producers only. Thisiadde explained by the high diversity in produters
profiles and motivation. Each producer, accordiogvhat he wanted when he implemented a mixed
orchard system, will focus on different results et¥ter positive or negative. This phenomenon may als
influence the way research and technical advisdfprmeduce references. If the references createdged

on a sole potential benefit of having a mixed ordhsystem, producers focusing on another oneswill

feel concerned by these references.
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Benefits identified by producers themselves higliffer according to the mixed orchard system (Fégur
21). Some of them such as improvement in biologicaltrol, quoted by 9 producers on 20, affects both
producers in mixed orchard vegetables system aodupers in mixed orchard animal system as these
producers’ quotations prove icliickens highly influenced pest pressure: theremeasodling moth while

we had hens in the orchatdnd “l have seen a potential positive effect for thegrdy having a diversified
vegetables production under them, we had a higtetyaof insects that inevitably came over and pteda

are among these insettdn the same way, a positive effect on soil wastgd by 3 producers on 20,
whether in mixed orchard animals or vegetablesesystl think that there is an effect for the soil too:
catching the leached nutriefitand “We saw an effect on the soil quality, sheep andegas well played
arole in this.

When focusing on the amount of benefits that maiglestified by a sole producer, it seems that pceds

in mixed orchard animals system are more prolti@ntthose in mixed orchard vegetables system when
asking to identify positive aspects. This resulyrba explained by the fact that the majority ofdurcers

in mixed orchard vegetables system (6/8) start tieersification process during the last 5 yelrdeed,
they may not have the necessary hindsight to jtidgeesults of their system. Moreover, some produce
in mixed orchard vegetables system are aiming l@rgy and “invisible” benefits without suitable

indicators such as microclimate or nutrient cycle.
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Figure 19: Benefits and Limits Observed by Produces according to the Diversified System

As for incentives and benefits, limits identifieg producers and presented in the Figure 19 hawe to
distinguished from obstacles previously detailedleed, the first ones are negative results obsdsyed
producers after some years of practice in theireohiarchard systems while the second ones are aktern
factors acting as obstacles in the first phase igérsification implementation. The two main limits
identified by producers are time surcharge or waailland structural constraints and are observéxmtiy
producers in mixed orchard animal system and predtia mixed orchard vegetables system.

Mixing two different productions into one agricuitlh system increase the workload, in other worlls, t

time of work needed to manage these two productidhs additional workload can be characterized
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differently according to the mixed orchard diveiesif system. In mixed orchard animals system, hating
manage animals and fruit trees in the same timeimply a continuous presence of the producer on his
farm “In theory, it's wonderful to have animals in orctisibut actually, it is a permanent constraiand/or

an additional work when managing fencds requires work: install enclosures and uninstétlem
regularly, daily in some periotisin mixed orchard vegetables systems, the additiovork time is often
problematic when it comes at the same period thariwork peak” related to the second productitre*”
main issue is that the work on trees is often atshime time that the work on vegetablEsr producers
who diversified from an already implemented systetmether it was an orchard system, a breedingryste
or a vegetable one, a limit may be the adaptatidineoinitial system to the new practices applRvious
tree pruning, irrigation system or net height megate difficulties to increase and manage divexaiion

on the fields.

Then some limits are specific to one kind of mixedhard system. In mixed orchard vegetables systems
producers identified water competition as an imgnatrtimit. Some of the producers even had to atihegit
vegetables turnover to deal with this phenomenatefted to reduce vegetables production underoaidn
trees because | saw that they were too greedytamals difficult to manage irrigatidn Three more limits
have been identified by producers in mixed orchardmals systems: tree damages especially by sheep,
decrease in floral diversitysheep are still in the orchard so there not too ymélowers and results
uncertainty. The latter one means that producesergbd a positive phenomenon but are not able to
determine if the association of trees and aninsalsd reason of this positive phenomeniamiéd to evolve

on many things. | have seen an improvement in¢hent years but | am not sure that is linked to the

animals.

3.8. A combination which leads to various trajectories.
Acknowledging limits in their diversified systemsaynlead producers to adapt their practices anesyst
over time. As a result, their “systems’ trajectstievolved in different ways according to whichilisthey
have identified, their objectives and how they hanaglified their systems to deal with the latterne
In mixed orchard animals systems, two kinds okttgries have been highlighted among produceial “tr

and error” trajectory and “gradual” trajectory (&ig 20).

Diversification Level

L 2

Diversification Level

Time Time

Figure 20: Trajectories Diagrams

On these trajectories diagrams created in analyteijgctories of each producer in mixed orchardnahi

systems, the diversification level integrate bt humber of animal species under the fruit tregsthe
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number of animals in each species. Indeed, in thal-error” trajectory, the first phase of the war
corresponds to an animal introduction which did mattch the producer needs and/or had too much
drawbacks. The second phase corresponds to amaiteetuction of animal, often another species, vaith
gradual increase in the number of animals. Howeaxaan if between these two phases, the diverdticat
level went back to zero, producers earned expegidamowledge on which they built up the second phas
of diversification. In the case of a “gradual” &ejory, the diversification level, in other wordie humber

of animal species under the fruit trees and thebmurof animals in each species, increase gradaadly

time, without a decrease phase.

Chi-square tests have been realized to determirtbege kinds of trajectories are related to some
motivations’ clusters and/or practices’ clusteiise Tesults were a p—value of 0.4518 between maiisit
clusters and trajectories and a p—value of 0.285&dwen practices’ clusters and trajectories. Ndilease
p—value were lower than 0.05 so it seems that tisene correlation between motivations, practiced a
trajectories. This result must not be interpretec atrict non correlation between motivationscicas
and trajectories. This correlation was clearly esped by producers during the interviews and cdadbe

through the qualitative analysis.

In mixed orchard vegetable systems, the majoritgrofiucers’ trajectories seemed constant, without a
increase or decrease in the diversification lelrelo hypotheses can explain this result: first, @dpicers
on the nine in mixed orchard vegetables systems daversified their system in the last five yeand are
not yet in a phase of fruits production in the calsan orchard plantation. Due to this system’stiyand

to the lack of one production, producers may neehae enough hindsight to evaluate their systedh an
modify it. The second hypothesis is that producerstivations include long—term and hardly appreleiab
phenomenon such as a renewed nitrogen cycle. Indaghdut a time gap to observe positive or negativ
effect and without simple” indicators” to evalu#itese effects, no modification is made on the systad

the trajectory remains constant.
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4. Discussion

4.1. Determining factors and trajectories extracted fromthe diversity
Previous results have shown a high variabilitynitial situations, motivations and systems desigorg
producers in mixed orchard vegetables and mixedaondcanimals systems. Then, the issue that adgses i
how to extract from this diversity some concepts; goints or even advices that may be generalizaiie
useful to as many producers as possible. The ‘targeipients of these advices may be project halde
producers with less innovative agricultural systevhe® may not be willing to implement a mixed orachar
system in the coming years. Once again, supportchadapt to the producers’ profiles and will amdds

diverse as them.

When looking at the initial situations among intewved producers, it may seem that three structacébrs
have the most powerful influence on the choice ofired orchard system: the initial production, the
distribution circuit and the UAA.

In mixed orchard vegetables systems, the initiatlpction or, in other words, the way the plot imaged
before the diversification can determine the amaticliversification and even the future of it. lede the
space between tree rows highly influences the teveelated to vegetables growing in determining the
amount of vegetables that can grow and the duratioing which vegetable growing can happen. A
producer with narrow tree rows for example, maydreed to give up vegetables growing under thestree
after some years and may find his revenue thromnglthar production. As a result, one key elemertt tha
can be extracted from this assessment and shatkdmiducers willing to implement a mixed orchard
vegetable system is to adapt the distance betweerraws to their production goals. In the same,way
mixed orchard vegetables systems may be difficultriplement from an existing orchard, especially if
arranged as a monoculture and intensive one.

In addition to the initial production, the distrifmn circuit is also a decisive factor in mixed loacd
systems. This interaction between agriculturalesysand distribution may be emphasized in two diffier
ways: first, some technical choices such as spattieices, production standard or practices choices
influence products final quality and their commel@utlet. Second, some distribution circuit anelirth
related specifications guide the practices implasekon the farm (Petit, 2013). In mixed orchardeys,
both interactions can be identified: on one hamsdla producers interviewed on 20 owned the organic
certification, products had different commerciatleucompared to conventional ones. On the othedha
producers selling a part of their production to lesale companies (7/20) received strict guidelatasut
species choices and production amount.

The distribution circuit is consequently a decidietor in mixed orchard system and especially ixech
orchard vegetables systems. Indeed, in the casepobducer planting fruit trees in his plot, vedéta
growing become vital to earn revenue during thepooductive years of the fruit trees. However, a& s
that producers in mixed orchard vegetables systamsnainly setup on small areas, less than 5 hesctar

for the majority of them. Producing enough vegetalih such a small surface to provide a wholesale
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distribution circuit seems unrealizable; directidigition appears at the better solution. Moreokiaring
a dual production may represent an advantage @ &ecess to direct distribution circuits such a8 &
terms of replicability to producers willing to ingshent such a system, it seems that without a nege of
vegetable growing in addition to the diversifiedtlo ensure enough production, direct distributicay

represent the only suitable circuit.

In mixed orchard animals systems, it is more diffi¢o identify structural factors that can be used
guidelines or advices for producers willing to iplent such a system. The economic hierarchizafion o
the productions may be an explanation of this pherrmn. As a matter of fact, in mixed orchard velglea
systems, vegetables production is often the maircemf revenue: factors influencing this produtsoch

as the space available and the commercial outtete@sequently essential. In the majority of mixed
orchard animals systems encountered, animals deepogsent an actual source of income, even if some
producers sell their animals products such as eggjseep meat. If it is sometimes a choice of thdycer

not to consider animals as an economically valugbbeluction, others producers are willing to earn a
secondary income from animal production but ar@mtd by an unsuitable sector organization. This
development limits imposed by the downstream pathe sector do not only concerns mixed orchard
systems: it has also been identified as an obstaakeganic farming conversion (Latruffe et al. 13D
However, it can be assumed that the UAA may beidered as a decisive structural factor for prodsicer
in mixed orchard animals systems and may be aat®pfor project holders. If the producer plan avén
domestic animals grazing under fruit trees onlyirdpwinter time, additional pasture lands are neass

In the same way, producers who are in a self-saffay logic may plan to have cereal or fodder plots

In accordance with what have been identified almaotivations to organic farming conversion, initial
motivations of producers in mixed orchard systenay mearly be sorted in economic, agronomic and
ethical motivations. These motivations were notnbvelistributed among producers: two-thirds of the
producers in mixed orchard vegetables systems duibi® economic motivation while only 3 on 20
producers in mixed orchard animals system quofhis distinction may be explained, as for the sigei
structural factors, by the fact that the animaloieiion do not represent an actual source of indomiae
majority of the producers. Another tendency cantderlined from these initial motivation when arzaig
through the scope of the Efficiency-SubstitutiordBsign framework: producers in mixed orchard animal
system seem to state motivations closer to Substityractices such as introduce domestic aningls a
pesticides and/or herbicides replacement. On ther ttand, the ones in mixed orchard vegetablesrsyst
stated motivations which may lead to a system Rgddike the process of creating new habitats or a
renewed microclimate. Does it mean that the difieegion which occurred in mixed orchard vegetables
system is more robust? A sole motivation analysisot enough to validate this assumption. Indeethds

not integrate the complexity of farmer’'s motivatiand their integration into the socio-technicalteys

interests and motivations of the socio-technicatesy stakeholders (farmers, down-stream operators,
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support structures, public authorities, agro-sugiphgs, etc.) do not necessarily align, at leadtindghe
short term (Meynard et al., 2012). Moreover, pratgc motivations are generally analyzed after the
transition or conversion and motivations which green a few years after may not be those that would

have been expressed if asked at the really begjr{hemine and Bellon, 2009).

As shown in the previous results, a high diversityystem designs and agricultural practices, saapted
from non-diversified systems, are implemented ydpcers. The framework Efficiency-Substitution-
Redesign framework (Hill and MacRae, 1995) is ointhe possible approach to analyze these agri@lltur
practices and their consequences on the systemevéonas said in the results, the distinction betwe
Substitution practice and a Redesign related me&dsi often ambiguous. As an example, introduatibn
sheep to replace a mower or introduction of chicea “natural pesticide” against codling moth segm

at first Substitution practices but may also beselp linked to a system Redesign. As a matter cf fa

the introduction of these animals leads to a higimimer of adaptations such as reduction in fertiiza
and pesticides doses, fences building, growingeodals to feed them, etc., the agricultural systey be
considered as redesigned. This ambiguity abouttbadentify these steps (E, S and R) and how thay m
be combined by producers have already been idethijflavarrete et al., 2011).

Lamine (2011) identified that organic farming prodrs with more direct conversion trajectories had
current practices which can be characterized astiutiion while producers with gradual trajectonesre
more often in a Redesign step which lead to a mayest transition. Can such assumption be madetabou
producers in mixed orchard systems? Does the prslyioidentified “trial-error” trajectory involve
Substitution practices while the “gradual” one @ading to a Redesign? Does the “gradual” trajectory
consequently more robust? At first sight, it mayassumed that producers associated with a breeder t
have sheep grazing during winter time are usingatimals’ introduction as a Substitution practilce.
accordance with Lamine (2011), these producersatsiyeasily stop this association and come baek to
classic orchard system: the diversification is eguently less robust. However, except this padicchse,

it is more difficult to draw such parallel for tleéher producers’ agricultural practices and trajaes. An
issue that arises is the characterization of Lampinducers’ trajectories: direct trajectories famnsition to
organic farming which lasts less than 3 years andrpssive for transition to organic farming whiahts
3-20 years, with antecedents such as use of ba@bgontrol while in conventional (Lamine, 201X)in

the case of an organic farming conversion, a semehpractices modification have to be made tdeseh
the transition. Only one practice, introductiorvefietables or animals under fruit trees, have tehlkzed

to shift from a “classic” agricultural system tavaxed orchard system. In other words, what havenbee
represented when drawing the trajectories is differon one hand, the shift duration from a corieeat
system to an organic one and on the other hanéwtiiation of the diversification level once theelisified

system is implemented (Figure 21).
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Agricultural System
Diversification Level

Time Time

=¢—Direct Progressive =—@—Trial-Error Gradual

Figure 21: Comparison of producers' trajectories flom Lamine (2011) and the ones drawn in this Mastérhesis

This difference in terms of factors taken into agadeads to difficulties to proceed at a pardtajectories
analysis through the scope of the ESR frameworkitier analytical framework may be more suitable: th
concept of “technical leap” theorized by Petit (2Pih her thesis. In this framework, a transitieads to
practices modification or even practices abandotraed can be characterized as a “technical leap”.
Moreover, these “technical leaps” may have diffesenplitude according to the producers’ initialiaiion

and the objectives (Petit, 2013) .Contrary to Lar({@011) who analyze the progressiveness between tw
fixed states (conventional and organic agricultut@s concept of technical leap amplitude is aldeghe
diversification level expressed in this Master i$iss trajectories. Indeed, the amplitude in the
diversification level was empirically measured thgh a combination of the number of animal speanes a
the number of animals in each species. Althouglasaibjective as the way Petit measured techraaph!
amplitude, it allows to confirm one of her thedigpothesis which is that the high diversity of s#ion
process may be sorted thanks to this frameworla Aesult, the thesis of Petit (2013) allows a reddy
validation of the trajectory identification procassed in this Master thesis but the trajectorieglysis is
limited by the few numbers of producers and thk t#fédentified trajectory for producers in mixectbard

vegetables system.

4.2.  Knowledge production and producers’ support perspetives
Multiple determining factors, acting as incentivisobstacles can influence the producers’ choioes a
implementation of mixed orchard systems. As an giathe initial system managed by the producer
before the diversification and consequently ploamgement, producer’s knowledge and skills is dne o
these determining factors. However, a farm canaadnsidered as an autonomous system operatimg in a
isolated way: it takes place into the global fumeiing of a socio—technical system. The socio—texthni
system includes the whole stakeholders and orgaomzainked to the agricultural production, prosieg
and distribution chain, plant variety breedingegsh, technical consultancy, agricultural polieed civil

society (Lamine et al., 2010). Research and pradusapport are part of this socio—technical syste
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consequently influence, in a positive or a negatvag, producers along their choices of implemeatati
and management.

Producers’ support is currently facing a shifttsparadigm: formerly focus on the diffusion of kiedge
from research and technical structures to grouprotlucers, farmers are now not only considered as
receivers but as source of knowledge (Compagnoale €009). This shift from a top—down to a honizad
then bottom—up process is particularly presenhendase of mixed orchard systems in which a lack of
scientific references have been acknowledged. Mpeeifically, the horizontal process representsase

in which producers shared and exchanged knowledglestvely between them before that research and

technical structures make profitable this produderswledge to create references.

One of the main issues in knowledge productiohagime gap between the knowledge production affits
and its application in the field by the produc&ksthout major consequences for producers in the ofs

a top—down knowledge production process, it caprbblematic in mixed orchard systems. Whereas in
the first case producers receive knowledge preljoesperimented and validated from research and
technical structures, producers in mixed orchardtesys implement their systems without formal
knowledge diffusion, research and technical stmestimplementing experimentations as a second step.
This time lag leads to a high risk taking behavigrproducers, exacerbated by the innovative asyect
these mixed orchard systems. The concept of “teahtd@ap” of Petit (2013) in case of transitioratwther
agricultural system, supposed by its etymology tliscept of risk. Previous results have showneliah

with a knowledge gap about mixed orchard systemacknowledged by technical advisors and producers
themselves and a high risk hypothesis, producersmare and more willing to implement their kind of
mixed systems in their farms. Some of these praduget over these limits, implemented a mixed ardh
system and adapted it with fails and/or success. gractical and local knowledge acquired by these
producers, based on their own experiences andaraages with other producers, should serve asisie b

of the bottom—up knowledge production process.édddaccording to Doré et al. (2011), farmers have t
be considered as lay experts: experts becauseinfetkperience—based knowledge and lay because this
knowledge is limited in scope. In the same waydpoers willing to experiment are sometimes considier

as “experienced practitioners” who possess akaoitviedge based on long-term and reflected expegien
(Baars, 2011). Baars (2011) stated also that ttegreadization of this tacit and somehow hidden kisalge

was particularly relevant in the development ofoivettive practices.

To deal with this lay expertise and the requestgrofiucers in terms of knowledge, three pointsiefvw
are currently emerging from research and suppakesilders:

- First, make profitable the risks taken by prasigdn implementing their mixed orchard systems
and the knowledge consequently acquired while magag In other words, evaluate the results arad th

performances of these already existing systemsrdaate references. According to the will of some
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producers and technical advisors, these referamegsbe accessible through a “resource bank” sorting
environmental, economic and agronomic results bygyetions, climate, soil types, etc.

The main issue is the choice of an evaluation nteémal the indicators associated. Producers anditath
advisors are facing more than 2000 indicators cgritom more than 100 evaluation methods (Bockstalle
2013). Bockstaller (2013) defined also some questio answer before choosing an evaluation method
such as: What is the need of an evaluation? Fomwihe results will be useful? What do we want to
evaluate? At which scales? What will be the teciirgonstraints (time, money, skills, etc.)?

Two issues arise in the case of mixed orchard sysstthe time available for the evaluation realmatnd

the choice of the criterion to evaluate. In thevmes results, workload have been identified bydpieers

as one of the main limits, performance evaluatieistnconsequently be easy and quick to not encroach
the time dedicated to fruit trees, vegetables onals. The second issue is linked to the compleithese
systems: take every aspect into account will repprea huge amount of work and too many indicators t
follow. The question which arises is: may it betdeto follow generic indicators to have a globatview

of the system’s performances or may it be bettsetect some very precise indicators while setiisige
some others?

However, if the creation of references is promobgdsome technical advisors and some producers
themselves, others have a more contrasted poinieaf about it. Indeed, the issue raised by the ones
perplexed about references is how to create refesemgeneralizable and transposable from such a
variability of producers’ situations? Meynard et @012) stated that due to the diversity of stakedrs

and producers’ situations, a universal ideal fagragstem cannot exist. Support in a context of fiagm
systems Redesign has to prepare for a diversigplotions, but also and above all, to help the pceds
and other stakeholders to build their own systeémagdapt these systems to their own situationinglgn
their own knowledge.

- Consequently, the second point of view amongameseand support structures is to compile
producers’ testimonies with their own context, @écdpries, success, failures without trying to geliee.
Interested producers may be able to draw somel@araiith their own situation and to select thegties
they can apply in their farms. Rather than dependancepts of reproducibility, generalization ousa
explanation, the core of a case study or testinsonjgproach is locality, holism, specificity, or ave
singularity (Baars, 2011). As said previously wia@alyzing technical advisors’ interviewees, prajent
favor of mixed orchard systems started quite régeamd do not provide results yet. For now, collect
producers’ testimonies and spread them througmteahiterature is one of the main action of suppo

- Third, mixed orchard systems are related to dewiange of practices, from field design to
breeding, involved a multitude of disciplines ataksholders. In this context, it seems difficulffited a
technical advisor skilled in all practices and eext Consequently, the “classic top—down” producers
support where a technical advisor provide knowletigghnical diagnostic and expertise have beeaced!
by a principle of network facilitation (Albaladeg al., 2009). As seen in the previous resultsgypcers

have multiple profiles, motivations and agricultupgactices. Moreover, they are in touch with diffiet
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stakeholders according to their productions, diation circuit, etc. If this diversity may be prebtatic in
the case of generic knowledge or references, thegsiiy is the key and the wealth of a successtwark.

In the case of mixed orchard systems, networksadjyr@xist as 18 interviewed producers on 20 quoted
them as a source of information. These networksledprmal like the one called « Sustainable Ormd$iar
facilitated by INRA since 2008 or informal such @dsats with neighbors or at market places. If formal
networks may allow knowledge diffusion and mayaattmore producers thanks to the structure inflagnc
it is more difficult for informal networks. The Emgnmental and Economic Interest Groups (GIEE),
created in 2014 in the framework of the French #&godogical Project may be a solution to give more
influence to informal networks. These groups, rexzed by the French State, gather producers whageng
themselves in a project to modify or consolidatgrthbractices with economic, environmental and aoci
goals. To promote the development of these dynaamidso guarantee the sustainability, recognitizch a
valuation of their new practices, producers will/éddo create partnerships and share their resitks w

sector and territory stakeholders.

4.3.  Methodology limits
The producers’ sample have been deliberately ceedeio be as diversified as possible in order to
encounter different producers’ motivations, prati@and trajectories. By doing so, a high diversity
producers have been met, somehow “atypical” foresofrthem.
As 13 on 20 producers interviewed started theieidification process from a fruit tree system, ards
has been considered as the system of referenaanipace interviewees’ structural data to the nationa
average ones. These national data are collectddsuiveys each 10 years by the French Ministry of
Agriculture and the more recent ones are from 2010.
Three main characteristics can be compared betintsriewed producers’ structural data and theomat
ones: UAA, organic certification and marketing chels. First, the national UAA mean for specialized
fruit production farms is 19ha whereas in our pe®ig’ sample, the UAA mean is 12ha with a median at
10,5ha which mean that half of the intervieweesHass than 10,5ha of UAA (AGRESTE 2013). Second,
national data stated that 11% of the 53000 orcharBlgnce are certified organic agriculture (AGRES
2013). In the producers’ sample, this ratio rangedo 85% with 17 producers out of 20. Finally,iomal
data shown that one third of French orchards comialeze their production through short marketing
channels (AGRESTE, 2013). Producers in our samgl@love this ratio with 70% of them using direct
selling such as CSA or markets and with 55% of tkeliing their fruits through local producers’ seop
The comparison of these three structural data: UAdganic certification and marketing channels,
highlights the fact that the producers’ sampledsrapresentative of the national French orchanrdeéd,
in our sample, diversification process, whethemiixed orchard animal or mixed orchard vegetables

system, happened on small, organic and with difisttibution circuit farms.
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If the diversity of producers’ profiles, even napresentative of the national French producer’ilpro
and the wealth of information are essential toaitptive analysis, it could be problematic foruagtitative
and statistical analysis. As a matter of fact, fnecess of clustering may be distorted by a non-
homogeneous distribution of modalities into a valga

The producers’ sample has also been distorteddoglémtification process of the producers. Thefaihes
have mainly been identified thanks to technicaligsat¢ who knew them or thought that they may be
interested and interesting. As a result, it is ‘afe/ the same producers that are identified andidered

as interesting because they are already involvéll technical structures or because they are ubieig t
innovative practices as a way of marketing. Thizdieto a phenomenon of “overgrazing” at these
producers’ farms and to exclusion of producers iy be interested and interesting as well, mayba e
more, but who are not identified. The difficultie§ producers’ identification when using research or
technical structures relationship is not a recdmnomenon: in 1982-1983, French government started
sequence of reflections and debate about futuisppetives of the French agriculture (Etats Génédaux
Développement Agricole). These discussions enatadedighlight a high heterogeneity in the French
agriculture and that at this time only 55% of thleducers had regular contacts with support strastur
(Colson, 1986).

In the case of innovative agricultural systems sagimixed orchard ones, the issue is that it maidse
producers, absent from the research and techrétaianship, that mostly implement these innovative
systems. A similar phenomenon has been highlightadVaster thesis of 2014 focused on pest pratecti
strategies in a Prunus species shift context. Rerduwho had less relationship with technical and/o
support structure and networks were the ones inmgaiéimg most alternative and innovative agricultural

practices (Kouchner, 2014).

If the high variability in producers’ initial sittian, motivations, practices and trajectories hanake
difficult the statistical clustering process, tl&Inumber of interviewed producers (20) may hastudd

the obtaining of robust statistical results. Aseaample, the chi-square tests realized on the atadivs,
practices and trajectories producers’ clusters teh@vn no correlation between them. With a more
homogeneous modalities distribution and/or a highanber of interviewed producers, these results may
have been different. Given the importance of thatoig size and homogeneity of the sample, a higher
number of interviewees would ideally have beenizedl However, the realization of these interviesvee
and the results analysis would have required muglkertime that a 6 months internship. Moreover, the
realization of the interviewees via a close endagstjonnaire to save time will exclude the weattthe

producers’ discourse and significantly reducedgii@itative analysis.

Another limit due to the methodology chosen isft that the producers’ answers are dependerteon t
way the questionnaire was written and on how ttexrirew took place. Indeed, even with semi—struezdur

interviewees, in which the producer is relativeiefto talk about everything, some subjects magrioeed
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or botched whether due to the producer that wiljiray not skipped the subject or to the interviewret
forgot a question or did not enough revitalize thgcussion. Redoing an interviewee with the same
interlocutors, the same questionnaire but withfeeidint context may provide different results.stwhy

for some researchers, due to the way the datadiexted and analyzed, a qualitative analysis isemo
“subjective” than a quantitative one. However, guative analysis is not perfectly objective eithéthen
using a framework as R to realize MCA and HCPC, dhaice of which variables will be descriptive or
illustrative or the choice of the number of clustar example, are left to the framework user agiogy to
what he expects as results.

Another issue aroused during the intervieweesalhyt it was planned to draw the producers’ tr&jeies
with the producers themselves, asking them tafilistorical timeline of their farm with all thersttural

and practices modification and the related datbis &xercise was difficult to realize with the puodrs
and the timeline and trajectories were finally diafterwards in extracting the relevant informatfoom

the interview’s transcriptions. Different hypottesnay explain the difficulties encountered durihp t
process timeline conception with the producerstFgome producers may not remember the exacbtlate
an event, the implementation of a new practice &tsolution may be to not ask for precise datetbut
place the event in the timeline according to othemts already written. Second, producers maytiok t

to quote some system modifications because thepemga so gradually that boundaries between the

previous and actual system are ambiguous.
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5. Conclusion

In a context of pesticides use reduction and afguiiecologization, “innovative” orchard systensls

as mixed orchard vegetables and mixed orchard dmisyatems are arousing producers and researchers
curiosity.

Through semi-structured interviews with produceh®\wad implemented such systems or are willing to,
this Master thesis give an overview of their pesil motivations, agricultural practices and trajges.

As previously identified in studies focused on aansion to organic farming, the shift to a more ainstble
agricultural system may be motivated by economigromomic and ethical reasons. These initial
motivations as well as the wide range of agricaltypractices and system designs highly influeneg th
trajectories. The latter may be sorted in two tygarding to the “technical leap” amplitude impkarted

by producers when modifying their diversificatioevél: trial-error and gradual trajectories. Dethile
through the scope of the Efficiency-SubstitutiordBgign framework, distinction between Substitution
practices and the ones belonging to a system Rgdésiambiguous as well as the distinction between
reversible and robust trajectories. A hypothesiy stdl be stated: a practice, which at first sighta
Substitution practice, may be part of a system Bigdeprocess when associated with many other pegcti
modification in the agricultural system.

This master thesis highlighted also the diversftgetermining factors that can influence the preastc
choices and implementation of mixed orchard vedesabnd mixed orchard animals. The initial system
managed by the producer before the diversificaton consequently plot arrangement, producer’s
knowledge and skills is one determining factor. ldger, these determining factors cannot be considere
only at the scale of the farm, farm being an irakgart of a much wider socio—technical systemudicig

the whole stakeholders and organizations linkefiecagricultural production, processing and distiin
chain, plant variety breeding, research, techrdoakultancy, agricultural policies and civil sogidf the
distribution circuit and downstream regulationspezsally sanitary regulations, are key factors & b
considered, the knowledge and support availablprfaducers remains decisive.

Despite an acknowledged lack of scientific refeesnfor both technical advisors and producers osethe
specific mixed orchard systems, producers, in le-téking behavior, dare to implement such systems,
confronting the issues they may encounter. Towé#hlthis situation, research and technical stmegware
facing two solutions, which may be combined foighkr efficiency:

Firstly, evaluate agronomic, economic and enviramadeperformances of already implemented mixed
orchards systems to create references transpotalfig¢ure project holders. Different structures and
projects such as the Smart Casdar (a nationalfiumalyricultural research) are currently workingtbrs
references creation process and are dealing wihigbue of suitable indicators choice. Secondly,
considering the difficulty for technical structureshave qualified employees in each sector (fantmal
and/or vegetables production), the advisor prodesss shifting to a network facilitator profession.
Networks, whether formal or informal, are a place share and exchange producers’ knowledge,

experiences and advices. At the opposite of reéeewhich aim suitable and relevant results fanasy
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producers as possible, knowledge shared in netwsigsecific at one farm context and must be adapte
The issue raised by these networks creation isitegration of many producers and representatif’each
sector. Indeed, and especially in the case of mixeldard animals systems, producers emphasized-a no
suitable breeding sector organization unable tbwlitla their systems characteristics. Consequentlyre
projects have to be implemented in the next yearsntegrate breeding sector stakeholders in the

discussions and even modify some regulations.
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Appendix 1: Literature Review

« ‘“Lock—in" effect

The conventional agricultural production systemurezs the use of pesticides to ensure production in
satisfactory quantity and quality, in line with rkar and consumers expectations. However, if theotise
these products can bring benefits for agricultpralduction systems, these can be the cause ofivegat
effects on the human health and the environmentnaang incur costs to society The implementation of
European legislation towards a more “eco—friendlgticulture as well as various national action plan
may bring major changes to agricultural practicékiwthe coming years (Lamine, 2011). Indeed, 062,

the CAP shifted from voluntary to mandatory intdigna of agri—environmental practices by introducing
principles of cross—compliance. In parallel, siR6@7 in France, a national and global effort taueduse

of chemical plant—protection inputs in French agticre, named Ecophyto program, is implemented. Its
main goal is to cut the nationwide use of pestiidg 50% in the space of ten years, if possibldendt

the same time maintaining agricultural productiom doigh level in both quality and quantity terris.
achieve this objective, French government impleeuifferent kind of actions: dissemination as Wide
as possible among users and their advisers infamman known techniques for economic use of plant
protection products, improvement of the informatgwven to farmers in real time on the distributioi
crop diseases and pests with a goal of improveatfyeting of treatment, training sessions to entak
every actor in the chain is fully competent in tiela to plant protection inputs, promotion of agitaral
research into crops that require less chemicakption and communication of results of that rede#oc
the widest possible audience.

Despite the rise of these environmental issueshaidrecent translation into public policies, exgpration

of agricultural practices is still difficult to inment at large scale due to a “lock—in” effecthia socio—
technical system. The socio—technical system castebred as the whole stakeholders and organiztion
linked to the agricultural production, processimgl alistribution chain, plant variety breeding, @sé,
technical consultancy, agricultural policies andl@ociety (Lamine et al., 2010). A “lock—in" effecan
refer to a choice of technique production, of adpiad, a standard, or a paradigm, which become the
reference in the whole socio—technical system. Thigice has become such a standard that it seems
difficult to change it, even if there are othereatatives that could be more effective which lithie
diffusion of innovations (Magrini and Triboulet, 28). The persistence of a “lock—in” effect is mgidue

to self-reinforcement mechanisms as explained bgriviaand Triboulet (2012). First, increase in the
number of a practice users enhance the knowledgiped about this practice and contribute to irserea
in yields, encouraging farmers to continue withstpractice. Second, this practice became the main
paradigm in agricultural education and knowledgteohnical advisors which strongly influence farser
ability to choice and use an alternative practiceinally, the agricultural sector and especiallg th
contractual relationship between stakeholders mnaiy farmers’ tendency to shift to another practiltés
indeed difficult to imagine a farmer shifting iteopluction system if he does not find a financialerpart

that reinforces it in this shifting choice (Magramd Triboulet, 2012).



« Case study of conversion to organic agriculture anthtegrated Pest Management

In the last decades, Organic agriculture and lategr Pest Management (IPM) have managed to spread
among farmers, disregarding the socio—technicalk4m” effect. Studying the adoption of these more
sustainable agricultural practices might help initifying the conditions for achieving a robusns#ion
toward a more “eco—friendly” agriculture, transitithat most farmers will probably have to makehia t
future. Two kinds of studies have been made abdoption of organic agriculture and IPM: some based
on the decisive factors and motivations behindathgption and some others based on farmers’ trajesto
and their changes in conceptions and practicestaower(Lamine, 2011).

Géniaux et al. (2010), stated that the organiccatitire conversion is a complex decision whereratie
not only farm characteristics, the agriculturalteeand its market rules, distribution networksj@agtural
policy, the cost and the conditions of the orgamdification, but also the characteristics of themers,
their agricultural past experiences, their educasind their sensitivity to environmental issueshiould

be noted that among these complex interactionsyatmns and decisive factors have to be diffeedati
Following a literature review, the main motivatioftg organic agriculture conversion are: agronomic
motivations such as soil quality, erosion limitatend products quality, ethical motivations, envimental
motivations with the idea that organic agricultaes deal with pollution issues and economic moitivest
(Geniaux et al., 2010). On the other hand, decisigtors can be sorted in three categories: fagttasic

at the producer such as the age, the educatiohdetke agronomic experience, factors intrinsichet
farm such as the farm structure and its economsigliseand factors external such as market regukatio
localization of the farm (Geniaux et al., 2010,ruffe et al., 2013).

According to Lamine (2009), studies focused on waditbns and decisive factors are centered on thg™w

of the adoption of more sustainable agriculturacfices whereas an approach in terms of trajestorie
enables to track the complexity of the factors laackground that led the farmers where they areytdda
others words, it centered on “how we come” to tleption or conversion. To describe the processes of
transition and characterize the changes in theagnral practices, a framework designed by Hill &mac
Rae (1995): the Efficiency—Substitution—Redesigmiework has been used. It has been created t@analy
the whole process of transition from conventionadtistainable agriculture but it was mainly usedest
management (Hill and MacRae, 1995, Hill et al., 9 99stevez et al., 2000). The Efficiency step cxinsi
on the use of decision support tools (detectiordiséases, epidemiological models, visual threshofd
treatment) and a curative use of pesticides instéadpbreventive one (Lamine et al., 2009, Esteted.,
2000, Sautereau et al., 2011). The Substitutiep sbnsists of replacing harmful chemical inputdbloy
pesticides or biological control practices (Esteseal., 2000). However, these two strategies sfipees
use limitation do not fundamentally undermine thectioning of the cropping systems neither its giesi
(Naverrete et al., 2011). The ecological relevasicinese two strategies is also put into quesiionone
hand, a limited use of environmentally harmful cieghinputs and on the other hand, alternative ti&pu
with minor but still existing environmental effe&autereau et al., 2011, Estevez et al., 2000gelddit

has been observed an increased resistance phenoroémodling moth toward the granulosis virus



(CpGV), which is one of the main tool in organiaifrproduction to fight against this pest (Sauphasto
al., 2009).

The key may be in the Redesign step of Hill and Rae’s framework which involve a paradigm shift:
recognize the causes of system unsustainabilitypaengent it by the transformation of system funasio
and structure to a more holistic way through thestaiction of diversified production systems ingte&
fighting these problems by the application of exé¢rinputs. Thus, diversity will promote interactto
between components of the 'agro—eco—system', eah@ataral regulation processes, and therefore help
sustaining fertility, productivity and resiliencglil and MacRae, 1995, Penvern et al., 2012, Lamine
2011). Hill and Mac Rae (1995) summarize this bytimg: “The redesign stage is achieved when the
causes of the problems are recognized, and thguedyented, being solved internally by site and #ime
specific design and management approaches instehy the application of external inputs. By making
the farm more ecologically and economically diveigeater resource self-reliance and resilience are
achieved”.

Two main kinds of trajectories of organic agricodticonversion have been highlighted: on one hand, a
“direct” conversion where farmers decided to cohgeite suddenly following a health—related inciten
economic difficulties for example. On the other thaa more progressive conversion where first toies
sustainable agricultural practices occurred lorfgrieethe actual conversion to organic farming (Laenét
al., 2009, Lamine, 2011). By putting in paralledslk types of trajectories with the “input subsititit and
“system redesign” paradigms, Lamine stated thanéas with more direct trajectories (5 out of 12
producers interviewed) had current practices whanh be characterized as a substitution of convesitio
inputs by biological ones. This “substitution” st&pl enables reversibility to the transition.thre case of
progressive trajectories (7 out of the 12 prodycéra/as possible to highlight the three main stepHill
and Mac Rae’s framework (1995): a phase of inedtiction or efficiency (E) while still in convential
agriculture, a phase of substitution (S) where sohamical inputs are replaced by biological onesan
phase of system redesign (R) in which they arkistiThe implementation of a system redesign pgrad
usually leads to more robust transition (Laminalgt2009, Lamine, 2011).

Lamine (2011) identified three main sets of cowdisi for having robust transition process toward
ecologization of agriculture: antecedents alongn&s’ trajectories, inclusion of food distributi@md
consumption practices and collective dynamics.tFaatecedents along farmers’ trajectories may be
reduction in inputs, introduction of alternativeoprprotection methods or other environmentallynftig
practices prior the transition process, the orgéariming conversion in the case study of Lamineeseh
prior experiences provide a practical basis foraypessive change in farmers’ conceptions. Secihed,
inclusion of food distribution and consumption giees in the conception of these transitions melaats

all the stakeholders of the sector have to begfdhis transition process: producing with moretaumable
and environmentally friendly practices in a systiimen by product aspect and standardization dtleeto
“consumer demand” for perfect and regular prodisctearly impossible (Lamine, 2011). Then, collesti

dynamics, involvement in networks, enables prodiizea transition process to clearly define theficas



they already had, to compare their practices asulteeto the others producers, to learn from thpeggnce
of others, to talk about their technical impasgses seek solutions. As a result, these collectiveadyics
make transition more robust and less reversiblen(he et al., 2009).

e Producers’ support

The analysis of farmers’ trajectories in a contEhxhifting to a more sustainable practice preskttiece
phases in this shift: awareness raising, experiationt and adoption. Experimentation allows the fsn

to assess feasibility and time required of the fima@nd can be realized on variable space and({lad

et al., 2010). In the field study of agriculturaidwledge production and adoption of technical iratimn

by farmers, the paradigm during the last decade®éen a downward transfer of knowledge from rebear
to the farmers. This paradigm have also been céltgg-down” approach (WorldBank, 2006, Chantre,
2011). Technical advisors refer to it as “technmgbport” in which they disseminate the latestrsdie

and technical knowledge to farmers (Cerf et al1@0

However, farmers do not rely exclusively on theaulessof agricultural research; they also use a muder
knowledge, based on their own experiences and cmaeges with other farmers and advisers (Doré et al
2011, Petit et al.,, 2012). This leads to a new gigm, also called “bottom—up” process, in which
agricultural knowledge is a product of empiricablatedge form farmers or a product of a co—develagme
process associating tightly researchers and far(@rantre, 2011). This “bottom—up” paradigm is not
aiming at replacing the “top—down” paradigm: it caren help to enlarge current agronomic knowledge.
Indeed, even in the absence of appropriate knowlgutgduced by research, farmers still managed to
innovate to meet their needs in terms of produgtior environmental sensitivity. The experience-eoas
knowledge they develop can therefore fill in sonfethee gaps in the research—produced agricultural
knowledge (Doré et al., 2011). Technical advis@gehto adapt to this new paradigm in which scientif
knowledge is missing and in which farmers may kmoere than them. To do it, they implement sharing
tools like farmers networks and substitute scienkhowledge by farmers’ knowledge based on pellsona
experimentations (Cerf et al., 2010).

e Context of French fruit production

In 2013, fruits orchards represented approximal®l® 000 hectares on the French territory (Agreste
2014a). More than one quarter of this area wascdeati in 2010 to apple production which is consetiye
the first fruit produced in France just before nptams and apricots (Agreste 2013). Although repnéing

a small percentage of the French Utilized Agriaatdland (approximately 1%), orchards were estichate
to use 21% of the total amount of pesticides solerance and with treatment frequencies 10 timgisehi
than in cereals systems (Sautereau et al., 2011).

This massive use of pesticides in French orchardsinly due to agronomic and socio—economic aspect
First, fruit trees are perennial crops which crefifficulties for breaking pests’ life cycle withiap rotation
systems. Secondly, retailers and consumers agihéap fruits without any imperfections which lirthie
pest level tolerance of producers and accentuatsystematic use of pesticides (Sautereau et(dll, 2
Lamine and Bellon, 2010).



Even if organic fruits production in France reprasd 20 000 hectares (approximately 16% of French
orchards) in 2012, the mean number of pesticicdgrtrents remained high: approximately 35 treatments
for apple production, between 10 and 20 for thewottuits production (Agence Bio 2014, Agreste 2614
According to Lamine and Bellon (2010) and many otilseudies, pesticides have an economic,
environmental and social cost not only for the picad but for all the society. The high dependenty o
pesticides use in orchards and particularly in@ppbduction highlights the need for a transitiborehard
system toward more sustainability.

Nowadays two prototypes of diversified orchard eys are arousing farmers, technicians and scisntist
curiosity: mixed orchards—vegetables and mixedamg$-animals systems. Considering their complexity
and the “models” diversity found in these systefaw; references have yet been published about these
diversified orchard systems. However, as they aatotrees with crop or animals components, thainm
principles, potential benefits and limits could fedated to those of agroforestry and integrateg-ero
livestock systems.

* Mixed Orchards Vegetables Systems

Mixed tree and crop systems are mainly deliberateligned to optimize the use of spatial, tempamdl
physical resources, by minimizing negative intaoas such as competition while maximizing positive
interactions between the components of the sysiese(et al., 2004). A central hypothesis in mixed t
and crop systems is that productivity is higher pared to monocropping systems due to complementary
interactions, either above ground or below groumdesource—capture (Smith et al., 2013).

The presence of trees modify light interception &lsb microclimate for the associated crop in teofns
temperature, humidity and wind (Smith et al., 201@&se et al., 2004). However, consequences of these
modifications differ with the flora’s developmentates. If trees and crops such as vegetables deatlo
different times of the year, annual total yieldtétdbiomass) of the plot will increase due to tlighbr
efficiency in light use. Indeed, the vegetabled bd able to grow through winter and spring befibre
trees come into leaf, taking advantage of the whighd (Cannell et al., 1996, Eichhorn et al., 2006
trees and crops develop at the same time, thdisituzecame more complex. On one hand, trees tiait
speed of the wind and increase the humidity arahad by their own transpiration. Thus, it helpdintat

the temperature falls and protect underlying crémmsn heat stress or drying by reducing their
evapotranspiration (Association Francaise d’Agresterie, n.d.). On the other hand, shade creatéaeby
trees can also be identified as a factor of redyesd (Jose et al., 2004). However, this negatégponse

to shading may depend on the carbon fixation pagtofdahe associated crop: unlike C4 species such as
maize or sorghum, C3 species, like vegetables growrtemperate climate, maintain a constant
photosynthetic rate from 50% to 100% of full suhtigdose et al., 2004). Thus, in mixed orchards—
vegetables systems, C3 vegetables species willlyriake advantage of this microclimate modification
created by the trees.

Orchard—vegetables combination is a potentiallyfulgeractice to reduce pest problems because this

association may provide greater niche diversity emohplexity than monocropping (Stamps and Linit,



1997). The improvement of orchard plant diversigyraffect insect communities living within the oacd,
including orchard pests, disease vector arthropatlalso pollinators, predatory and parasitoidraghds,
through an increase in the resource range, i.aetatabhelter and food. Indeed, Brown (2012) coragar
biodiversity levels and their effects on pest puessyields and pesticides use between apple aachpe
trees monoculture plots, polyculture fruit treest gapple, pear, peach and cherry combined inadifed
pattern) and with or without companion plants bemvéhe tree rows. Results showed that more prgdator
insects were present in polyculture plots and thatmost diverse treatment (polyculture combineith wi
companion plants) had the greatest proportion tf herbivores and predators. The study concludad th
the creation of a biologically diverse orchard paoduce high quality fruit without sacrificing yelno
effects on performance of the apple and peach tees observed, while also reducing insecticide use
(Brown, 2012). In 2010, Simon et al. looked at a8ecstudies on the effects of increased orchard pla
diversity (flower strips, plant cover, bushes, hexdgvs or even interplant fruit trees) on pest aintn
more than half of these case studies, the effepeshcontrol was positive which emphasized thetfeat
plant diversity manipulations generally aimed abfing either predator or parasitoid beneficialGdps .
Another central hypothesis in mixed tree—crop systes that occupation of different soil strata whkeir
respective root systems may lead to higher eff@jién the use of soil resources such as water atrgents
(Schroth, 1998)(Schroth, 1998)(Schroth, 1998). dutjh many researchers have reported the highest tre
root density within the top 30cm of soil, highligid the potential competition between trees anda@ated
crops, Schroth (1998) suggested that plants theesétnd to avoid excessive root competition byiapa
segregation. As a consequence, associated placiespe mixed tree—crop systems develop vertically
stratified root systems, leading to complementantthe use of soil resources. This situation ofigally
stratified root systems is likely to occur in mixecthard—vegetables because fruit trees, and pkantiz
apple trees, possess highly plastic root systenwiadily respond to changes in their growth cioors
(Schroth, 1998)(Schroth, 1998)(Schroth, 1998). Omigis stratification is created, the tree—crop
combination should enables a better use of théadlaiwater and nutrients by reducing evapotraaspim
under the trees increasing air and soil humidityttie associated crop, by accessing water ancentgrat
depth and by creating a ‘safety net’ in which tteetroots absorb nutrients which have not beemtage
by the shallower—rooted crops and have therefoea beached out of the topsoil (Schroth, 1998, Clhnne
et al., 1996, Jose et al., 2004).

By promoting a closed system with internal recyglof nutrients (nutrients are accessed from lowdr s
strata by tree roots and returned to the soil dnoleaf fall and dead roots) mixed tree—crop system
enhance soil organic matter levels, soil physicapprties and reduce reliance on external inpuissT
several studies have recorded higher microbialrgityeand increased enzyme activity in mixed treepc
systems attributable to higher litter quality amduatity than in monocropping systems (Cannell.efl896,
Smith et al., 2013).

Beyond agronomic and ecological benefits, a mixethard vegetables system has to be economically

profitable to be adopted by producers. As saidiptesly, mixed tree and crop systems aim at optirtiiee



use of spatial, temporal and physical resourcegrbgiucing different goods in the same plot andrdyri
the same period of time. This optimization strategyld be the result of different process and pceds
choices: valorization of limited land availableasgh for income stability and risk mitigation, resge to
short commercialization circuit demand by consumeti of decreasing chemical inputs or increasing
biodiversity ... (Dupraz, 1994, Malézieux et al., 20Cadillon et al., 2011). Each kind of approacbusth
result in distinct priorities and objectives foettesign and the management of mixed orchard—vdgeta
system. However, to be economically profitable, pneductivity, market opportunities and ecosystem
services must be higher than the constraints linke@ mixed orchards—vegetables system such as
requirement for both orchards and vegetables ptauknowledge, mechanization constraints, delay in
fruit production start compare to conventional arcts, management of two harvest in the same plot ...
(Coulon et al., 2000)

While ecosystem services are difficult to assegsnéf there has been recently considerable inténes
placing a monetary value on the delivery of thesesgstem services, productivity of a mixed treepcro
system can be easily calculated with the land edgmt ratio (LER). It compares the yields obtaityd
growing two or more species together in a mixedesyswith yields obtained by growing the same crops
as monocropping. A LER greater than 1 indicatet nhiaed systems are advantageous, whereas a LER
less than 1 shows a yield disadvantage (Smith.e2@13, Malézieux et al., 2009). In mixed orchard—
vegetables system, studies usually showed advantageER such as in this experiment from a pear
orchard/radish system with mean LER of 1.2 over @Qeyear rotation (Newman, 1986)(Newman,
1986)(Newman, 1986)(Newman, 1986)(Newman, 1986)(Naw 1986)(Newman, 1986)(Newman,
1986)(Newman, 1986)(Newman, 1986)(Newman, 1986)(Naw 1986)(Newman, 1986)(Newman,
1986)(Newman, 1986)(Newman, 1986)(Newman, 1986)(Naw 1986).

¢ Mixed Orchard Animals Systems

As in mixed tree—crop systems, mixed orchard—arsimsgbtems aimed to optimize the use of spatial,
temporal and physical resources, by minimizing tiggainteractions such as competition while
maximizing positive interactions between the congmis of the system (Jose et al., 2004). These
interactions can be classified into two categoredtects of the vegetal component (and its assetiat
components such as soil, microclimate, biodiversifyon the animals and effects of the animals @n th
vegetal component. This dichotomy highlights twaagéggms widespread among farmers in mixed
orchard—animals systems: fruit producers willingitegrate animals under their trees and breedéiisgv

to make their animals grazed under trees.

Modification of the landscape and of the microclienay trees provides many benefits for livestoakifs
etal., 2013). As an example, cattle are partitpensitive to heat stress and by providing stsadihigher
humidity levels, trees can reduce the energy ne@mte@gulating cattle body temperatures, and salte

in higher feed conversion and weight gain. In thee way, during cooler months, trees provide vdduab

protection from the wind for livestock, particukafior the weakest animals such as new—born or lfresh



shorn sheep (Smith et al., 2013). Some livesto@cisp such as gallinaceous birds originally lived i
forests where they can hide for predatory birdseutiees. Fruit trees in orchards could consequeffeér
protection from aerial predators and increase ppwelfare (Pedersen et al., 2004, Smith et al1320
Some studies observed ranging behavior in comnidreie-range broiler systems and found that the
number of birds going outside and their dissemimatvas positively or negatively correlated with the
percentage tree cover on the range (Dawkins e2@)3, Hilaire et al., 2001).

In mixed orchards—animals systems, using spacer dndetrees as a complementary pasture can extend
the annual grazing cycle of livestock or enabledn grazing rotation (IDELE, 2012hdeed, it has been
showed that sheep winter grazing lead to animdbpeances similar, if not better, than those olediby
sheep in winter sheepfold. This use of winter gediesvs a reduction of 70% of winter forage needtiie
producer (Pottier et al., 2002). In the same wiagstock can valorize some by—products and crddues

that are not suitable for human consumption sudiuits fell on the ground or leaves after prunimpis
valorization can also reduce the cost of feedivgsliock for the producer (Bonaudo et al., 2014d8eson

et al., 2013).

The grazing or ranging of animals in orchards Igaddeposition of feces and urine that can be f@ed
beneficial plant development and to maintain smilility (Sanderson et al., 2013, Bonaudo et &14). It

has been showed that thanks to the modificationiamoclimate, cattle dispersion in a pasture urickrs

is higher than in an open grassland which enablagfarm nutrient cycling within the system (Kawdnd
Goodman, 2010).

Effectiveness of poultry to deal with pests and dge@ orchards has also been analyzed and theasesul
were mainly positive. Indeed, it has been shown dhickens and geese were able to reduce spider,
harvestmen, polydrusus, apple saw fly and pear eniggpulation when put under fruits trees. No
population reduction was observed for ground besike beetle and forficula which can be explaibgd
the nocturnal activity pattern of these pests (Chrd Gage, 1997, Pedersen et al., 2004, Hilaigd. et
2001). Concerning weeds, poultry and particuladgse have been recognized as a promising method for
controlling weeds in orchards but leading to anreased proportion of unpalatable species in the
herbaceous cover (Lavigne et al., 2012). Not onlylipy has been identified as efficient to contraeds

in orchards: it has been studied that the grazirghoopshires sheep, a Britain’s breed which dostrip
bark from the trees, kept the ground vegetatiop &dd short and made routine mowing unnecessary
(Geddes and Kohl, 2009). Moreover, it has been shitxat ingestion by poultry, sheep or pigs of lsave
and damaged or over—ripe fruits left on the flaatha harvest represent an efficient prophylactasure
against inoculums such as apple saat that livestock trampling may destroyed volengis (Haseli et

al., 2000, Hilaire et al., 2001, Geddes and Kob09). Integration of animal under the cover oftfttees

is consequently a promising practice to reduceigdss and herbicides inputs. However more research
still has to be done to analyze and deal with gatkside effects such as soil compaction or fruit

contamination by feces.



As for mixed orchard—vegetables, mixed orchard—alsiraystems have to be economically profitable to
be adopted by producers. Once again, this prdiifalé the result of a balance between produgtjvit
market opportunities and ecosystem services ornand and constraints linked to this specific sysbem
the other hand. These constraints could be: nekdaviledge in both breeding and fruit productioslag

in fruit production start, mechanization constrajpihysical protection of young trees, adaptati@razing

and treatments or harvest planning ... (Lamine arlbBe2010, Coulon et al., 2000, Haseli et al., @00
Few researchers have studied the profitability afeoh orchards—animals systems and in France or
Switzerland these studies focused on “pré—vergars'aditional system combining apple productiod an
cattle. They concluded that lower fruit yields cargd to apple monoculture systems, 10-15 tons per
hectare compared to 25-100 tons per hectare (IB)$0), is compensated by two phenomenon: market
opportunities with higher prices for apple prodostsuch as organic label, “pré—verger” labels oPAGP
appellations on one hand and higher productivityysgt of land on the other hand (Coulon et alQ@0
Ridier and Kephaliacos, 2006, Haseli et al., 200@jeed, in the same way as Land Equivalent Ratio
calculation method, it has been studied that bgycing fruits, milk or meat and even sometimes wood
the same plot, total productivity is higher of 8%d%han the same productions in monocropping systems
(IBIS, 2010).



Appendix 2: World Of Knowledge Database Requests

Requests

Number

of Results

Request’'s Modifications

Mixed Orchard Animals Systems

TS=((orchard* OR "fruit production" OR arboriculeuy AND
(animal OR chicken* OR poultry OR geese OR pig?
OR

agroforest*) )

sheep* "silvopastoral system*"

23710
OR

OR grazing OR

production” OR arboriculture ) AND (“farm animal?" O

poultry OR geese OR pig? OR sheep? OR grafiR)

hortipastoral* OR "horti-pastoral*" ))

TS=((orchard? OR "orchard meadow?" OR "fruit | 17074 Addition and/or suppression
production” OR arboriculture ) AND (animal OR chigk OR terms to describe the system
poultry OR geese OR pig? OR sheep* OR "silvopabtora

system*' OR grazing ) )

TS=((orchard? OR "orchard meadow?" OR "fruit prdaut' | 598 Addition of terms to define th
OR arboriculture ) AND (“farm animal?" OR "meat kind of animals to take int
animal?" OR "grazing animal?" OR chicken* OR poultry account

OR geese OR pig? OR sheep? OR grazing) )

TS=((orchard? OR "orchard meadow®R "organic fruit | 464 Addition of terms to describe tf

"meat animal?" OR "grazing animal?" OR chicken* OR

system

e

TS=((orchard? OR "orchard meadow?" OR "organictf
production” OR arboricultur®R "fruit tree?" ) AND (“farm
animal?" OR "meat animal?" OR "grazing animal@R
broiler? OR chicken? OR poultry OR pig? OR she&pR

pastoral*) )NOT TS=(manure OR "poultry litter")

"small ruminant*" OR grazing OR hortipastoral* OR "horti

rb43

Addition of terms to describe tk
system
Addition of terms to define th
kind of animals to take int
account
Exclusion of literature related t

manure and poultry litter

e

1%

TS=((orchard? OR "orchard meadow?" OR "organictf
production” OR arboriculture OR "fruit tree?NEAR/2
("farm animal?" OR "meat animal?" OR "grazing aniPi®R
broiler? OR chicken? OR poultry OR pig? OR sheef?
"small ruminant*' OR grazing OR hortipastoral* ORdtti-
pastoral*) ) NOT TS=(manure OR "poultry litter")

rne7

O

Mixed Orchard Vegetables Systems

TS=((orchard? OR "fruit tree?") AND ( vegetable* (

"market garden*") )

R916

TS=((orchard? OR "fruit tree?") NEAR/5 ( vegetableR
"market garden*') NEAR/5("inter*" OR "inside" OR

49

Addition of localization relate

prepositions




"between" OR "under" OR "associated*" OR combin*
OR mix*))

TS=((orchard? OR "fruit tree?" OR arboricultu®R apple*
OR pear OR peach OR apricot OR plum NEAR/5
(vegetable* OR "market garden®R lettuce? OR tomato*
OR carrot* OR cabbage OR bean* OR pepper* OR
zucchini OR eggplant OR onion* OR potato* OR radisl)
NEAR/5 ("intercrop* OR interrow* OR “inside" OH
"between” OR "under" OR "associated* OR combin* (

mix*)) NOT TS=("peach potato aphid*")

424

Addition of fruits and vegetable

species names

TS=((orchard? OR "fruit tree?" OR "fruit grow*' O
arboriculture OR apple* OR pear OR peach OR api@Bt
plum) NEAR/5 ( vegetable* OR "market garden*' ORuee?
OR tomato* OR carrot* OR cabbage OR bean* OR pepj
OR zucchini OR eggplant OR onion* OR potato* ORishd
OR melon OR squash) NEAR(Sntercrop*"' OR interrow*

OR "associated crop" OR "crop association" OR "mixed
crop*" OR "multilayer crop*" OR "alley crop*" OR "r  ow
crop*" OR "combined crop*" OR permacultu* OR milpa

OR "food forest*” OR "plant mixture” OR "crop

mixture” OR "multispecies system*' OR "species
mixture™)) NOT TS=("peach potato aphid*' OR opuntia)

R43

per

Replacement of localizatig

related prepositions by terms

define the system

=)

(o

TS=((orchard? OR "fruit tree?" OR "fruit grow*' O
arboriculture OR apple* OR pear OR peach OR api@Bt
plum OR banana OR guava OR coco* OR pineapp)e
NEAR/5 ( vegetable* OR "market garden*' OR lettuc@R
tomato* OR carrot* OR cabbage OR bean* OR peppdr*
zucchini OR eggplant OR onion* OR potato* OR rad®R
melon OR squas®R corn OR maize NEAR/5 (“intercrop*"
OR interrow* OR "associated crop” OR "crop assaaieitOR
"mixed crop*' OR "multilayer crop* OR "alley crop*OR
“row crop*' OR "combined crop*' OR permacult@R milpa
OR "food forest*" OR "plant mixture" OR "crop mixel' OR

"multispecies system* OR “"species mixture" (

R231

0]

DR

agroforestr*)) NOT TS=("peach potato aphid*' OR apa)

Addition of tropical

names

specie

2]




Appendix 3: Interview Guides

INTERVIEW GUIDE — TECHNICAL ADVISORS

Interviewee introduction ->

Information to collect:
Name

Role, tasks into the organization

“Can you introduce yourself and present your taststhe organization?”

Projects implemented by the organization to promot@and develop mixed orchard systems ->

Information to collect:
List of projects
Genesis

Scale

Partnership

Financing

“What are the different projects implemented bydhganization to support development of mixed ordlsystems?”

Relationship with producers ->

Information to collect:

Number of request from producers
Evolution of this number

Reason of this evolution

Answer to these requests

"Do you receive requests from producers with mixedhard systems projects or plots?” “Have youasatian
evolution in the numbers of these requests?” “Howaou explain this evolution?”
“What kind of support can you provide to a produstio request advices?”

Opinions about mixed orchard systems ->

Information to collect:

Benefits from mixed orchard systems

Motivation/ Objectives of producers when they immpént mixed orchard systems
Obstacles/ Limiting conditions encountered by prmta

Drawbacks of mixed orchard systems

Technical advisors and producers’ network ->

Information to collect:
Knowledge about other projects implemented in Feangromote and develop mixed orchard systems
Existence of a partnership with these projects

List of technical advisors or producers that migétof interest to interview

INTERVIEW GUIDE — PRODUCERS (PROJECT)
Introductory speech: Objectives of these interviews Recording agreement.

Farm and Farmer Description ->

Information to collect:




Farmer in setup process / Farmer already haviagna f
Farm status (EARL, GAEC ...) / Who is taking decisi@n
Setup Date

UAA / Merged or fragmented land?

Main productions

Workload / Labour force / Pluriactivity

Distribution

Certification

Innovative practices already experimented in thet paars?

Timeline of the farm / Key events

“Can you describe your farm and its historical lmaokind?”

Project Description -> What is the project? Which ncentives, motivations? Which source of informatiofd

Information to collect:

Since when this project exists?

Motivations/ Incentives

On which field? Empty/Vegetables crops/Orchard?

Which technical choices? Breed/Rotation/Density/Btggment/Pruning ...
Why these technical choices? Which source of in&diom?

Expected consequences of these choices on worklelimanagement, distribution ...

“Can you explain your project of diversification?”
“Why do you want to implement such a system?”
“How do you imagine this implementation?”

“Where did you find the information about this gyst?”

Obstacles/Constraints ->

Information to collect:
Obstacles encountered

Reasons of non implementation

« What are the constraints that limit the systemlé@mentation?”

“How can you solve these problems?”

INTERVIEW GUIDE — PRODUCERS
Introductory speech: Objectives of these interviews Recording agreement.

Farm and Farmer Description ->

Information to collect:

Farm status (EARL, GAEC ...) / Who is taking decisi@n
Setup Date

UAA / Merged or fragmented land?

Main productions

Workload / Labour force / Pluriactivity




Distribution
Certification

Innovative practices already experimented in thst pears?

“Can you describe your farm and its historicalkgaound?”

Timeline of the farm / Key events (Size of the faproduction shift, certification, distribution ...)
Initial production

Date of diversification

Diversified System Description -> What is it? Whichincentives, motivations? Which source of informatn?

Information to collect:

Motivations/ Incentives

On which field? Empty/Vegetables crops/Orchard?

Which technical choices? Breed/Rotation/Density/Btggment/Pruning ...
Why these technical choices? Which source of in&diom?

Consequences of these choices on workload, fielthgement, distribution ...

“Can you describe your diversified system at theetof its implementation?”
“Why did you want to implement such a system?”
“Where did you find the information about this m?”

Evolution of this Diversified System -> Which chang and why?

Information to collect:

Date of the change

Reason of the evolution

New technical choice implemented

Why these new technical choices? Which sourcefofrimation?

Outcomes of the Diversified System and Perspectives

Information to collect:
Outcomes (positive and negative) of the impleméntatf a diversified system

Perspectives / Future projects

“What are the outcomes of the implementation of thiversified system on your farm?”

“Do you have any projects for the future? How do gee your farm in a few years?”




Appendix 4: Variables Database

Variable |

Transcription |

Modalities

Variables related to the farm

Length of time since setup

Setupdatecl

<5, 5-1013,015-20, >20

Initial production before diversification

Initialpd

Orchard, Breeding, Vegetable
Others

Wholesale distribution circuit Distribwholesale Y&

Direct distribution circuit Distribdirect Yes, No

Shops distribution circuit Distribshop Yes, No

Organic certification Certiforganic Yes, No

Demeter certification Certifdemeter Yes, No

Nature et Progrés certification Certifnature Yes, N

UAA UAACI <5, 5-10, 10-15, 15-20, >20
Land structure Landstructure Merged, Fragmented

Variables related to the producer

Advices from a technical advisor TechnicalAdvisor esyYNo

Advices from a network Network Yes, No

Producer coming from a farmers’ family Agrifamily e¥, No

Agricultural Training Agritraining Yes, No

Length of time since diversification Divdatecl <1M-20, >20
Timegap between setup date and diversification datg Deltasetupdivcl <5, 5-10, >10
Diversified system chosen System MOA, MOV, Both

Variables related to motivations

Economic motivation Motiveco Yes, No
Philosophical approach Motivphilo Yes, No
Microclimate creation Motivclimate Yes, No
Work environment Motivlandscape Yes, No
Grass management Motivgrass Yes, No
Nutrient cycle Motivnutrients Yes, No

Variables related to the information source

informal networks

Knowledge about diversified systems from training | Knowledgetraining| Yes, No
sessions

Knowledge about diversified systems from readings | nowledgereadings Yes, No
Knowledge about diversified systems from formal or | Knowledgenetwork| Yes, No

Variables related to the agricultural practices

Temporality of the diversification Divduration Peaanent, Temporary
Ownership of the diversification Divproperty YespNBoth
Proportion of land diversified Landproportion AHart

Fertilization practices adaptation Adaptferti YN,

Tree management practices adaptation Adapttrees , Nes

Pesticides use practices adaptation Adaptphyto Nes,

Turnover practices adaptation Adaptturnover Yes, No

Farm’s buildings adaptation Adaptbuildings Yes, No

wn



Abstract

Fruit production is one of the largest users oftipigies among the agricultural productions, leading
detrimental effects for environment quality and lmrhealth. In a context of pesticides use reductio
agriculture ecologization, mixed orchard animald arixed orchard vegetables systems are arousingsayr
of both producers and researchers.

Through a sequence of semi-structured interviewh w¥gchnical advisors and producers in mixed omthar
system, an overview of producers’ profiles, moiwas, system design and trajectories have beemedall hus,
the question that aroused was: What key elemengdbmaxtracted from these producers’ personal epess
to provide a suitable support to producers andéutuoject holders?

The interviews highlighted a high diversity of pumérs’ profiles, motivations and system design Wwhic
consequently influence producers’ trajectories. Amaehis diversity, decisive factors in the impleradion
choices of a mixed orchard system have been itkxhstich as the UAA, the initial production, thetdbution
circuit and the lack of suitable knowledge and suppvailable.

To deal with this acknowledged lack, research authrtical structures are facing two options: refeesn
creation by on-farm agronomic, economic and envitental performances evaluation and formal or infdrm
networks animation.

Key words: Orchard, Diversification, Husbandry, é&ples, Support, Knowledge Production
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