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THEME 3 — AGROECOLOGY AS A RESPONSE TO CLIMATE CHANGE

Agriculture faces many different challenges and has partly lost its connections with nature and with
society. This led to several undesired and mostly unforeseen negative consequences. The search for
more sustainable pathways for agriculture development has shifted the focus of attention from
individual practices at field level towards the farm dimension, farm organisation (ex. in terms of
autonomy), farm landscape cooperation (ex. in terms of biodiversity), and even food issues. In all cases,
reconnections or new connections between agriculture and its environment (weather nature or society)
must be redesigned and created.

iPES FOOD confirms: “What is required is a fundamentally different model of agriculture based on
diversifying farms and farming landscapes, replacing chemical inputs, optimizing biodiversity and
stimulating interactions between different species, as part of holistic strategies to build long-term
fertility, healthy agro-ecosystems and secure livelihoods, i.e. ‘diversified agroecological systems’.”
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CHARACTERIZATION OF DAIRY CATTLE HERD MANAGEMENT WHILE TRANSITIONING FROM PUREBRED
BREEDING TO ROTATIONAL CROSSBREEDING.
Julien Quénon?, Stéphane Ingrand®, Marie-Angélina Magne®

aUMR AGIR, Université de Toulouse, INRA-INPT-ENSAT-EI PURPAN, France.
b Université Clermont Auvergne, AgroParis Tech, INRA, Irstea, VetAgro Sup, France.
¢UMR AGIR, Université de Toulouse, ENSFEA, INRA, INPT, INP- El Purpan, France.

Abstract: Using animal agrobiodiversity is considered as a promising lever to improve farm performances
and its resilience. Some dairy cattle farmers adopt rotational crossbreeding to use genetic variability,
heterosis and complementarities in dairy breed features. Although it has been increasing since 2010,
dairy crossbreeding remains still rare in France, while it is quite common in USA and Ireland... Many
studies deal with the performances of crossbred cows compared to purebred ones, for a wide range of
schemes and performance criteria. However, little is known about how dairy farmers manage
crossbreeding, particularly during the transition of the herd towards crossbreeding. Our study aims at
characterizing dairy farmers herd management while they move from pure- bred breeding to rotational
crossbreeding. We focused on the evolution of herd configuration management: crossbreeding, mating,
turnover and culling practices. We interviewed 26 dairy farmers who have been using rotational
crossbreeding for a long time and had at least 33% of their herds composed of crossbreds of second
generation in 2018. Data were encoded to build 11 variables describing the evolution of farmer’s
practices for the period of transition, then processed by a multiple correspondence analysis and
hierarchical clustering. Three transition pathways of herd management towards dairy crossbreeding
were identified and structured along two main axes. The first axis differentiates farmers according to
the rythm of crossbreeding implementation and the depth of change in herd configuration management
practices in relation with the role of crossbreeding in the whole-farm dynamics: adopting a predefined
crossbreeding scheme on a high number of inseminations in the herd to correct a fertility defect in cows
without deteriorating milk performance vs. looking for a customized crossbreeding scheme to create a
cow best suited to livestock system changes, even if it means reducing milk performance. The second
axis differentiates farmers according to the evolution of herd’s turnover practices in response to the
effects of crossbreeding on cows’ performances: regulating the overflow of crossbred heifers linked to
the improvement of crossbred cow’s fertility by switching from heifer purchases to sales and increasing
industrial crossbreeding vs. increasing dairy crossbreeding insemination because it has only be used on
a part of the herd or the rate at which it was set up has been slower. Our findings can be used to support
dairy farmers’ decision-making to move from purebred to crossbred herds. It also need to be matched
by a characterization of herd performances while transitioning towards crossbreeding.
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DYNAMICS OF AGRICULTURAL SYSTEMS FACING DISTURBANCES: DOES INTENSIFICATION LEVEL EXPLAIN
RESILIENCE?
Dardonville M. 2, Bockstaller C.¢, Therond O. ¢

2LAE, Université de Lorraine, INRA, Colmar, France.
® Agrosolutions, France.

©LAE, Université de Lorraine, INRA, Colmar, France.
4LAE, Université de Lorraine, INRA, Colmar, France.

Abstract

Identifying the characteristics and properties that influence dynamics of agricultural systems - resilience,
vulnerability and robustness - when disturbances occur remains a scientific challenge. More specifically,
intensification has a major influence on vyield levels, but its effect on yield dynamics is still under
discussion, especially in the debate on conventional vs. organic agricultural models. We present results
of a systematic review of peer-reviewed studies that quantitatively assessed dynamics of agricultural
systems in terms of vulnerability, resilience, and robustness (VRR). We queried the Web of Science and
systematically sorted the co-occurrence of terms with VOSviewer to exclude articles outside the
intended scope (2 reviewers). We identified 11 articles that evaluated effects of intensification in
temperate zones and at different organizational levels: field, farm and region. We analyzed the results
of each study through detailed characterization: VRR to what (disturbance), VRR when and where
(spatial and temporal extent and resolution), VRR of what (studied system), VRR of which attribute
(performance to maintain) and VRR due to which endogenous or exogenous properties (explanatory
factors). We summarized results by disturbance, type of production, organizational level and
performance attribute. Studies varied greatly in type of production (crops, livestock, vineyards,
grasslands) and performance attribute (yield, economic efficiency). We show that crop intensification
(intensification of practices and socio-economic characteristics) is not effective at mitigating negative
effects of climate change on the dynamics of yield. In the short and medium term, the appropriateness
of the production situation (crop, management, soil, climate) and resource availability and dynamics is
crucial for designing resilient agricultural systems. In the long term, natural capital must be conserved
to ensure agricultural production. We also believe that dynamics must be compared at the same level
of production and intensification of practices. Finally, we identify that low intensification levels may
result in desired dynamics of yield, and thus resilience, by compromising on high yields to address
resource depletion and the degradation of natural capital.

Introduction

To control factors that limit and decrease agricultural production, modern agriculture has replaced
ecosystem services with exogenous inputs such as fertilizers, irrigation, tillage and pesticides (Duru et
al., 2015; Rist et al., 2014). This has resulted in human-modified and intensive agricultural systems that
are relatively independent of their natural biophysical context (Rist et al., 2014) and harm the
environment (Emmerson et al., 2016). For example, the development of irrigation helped to manage
drought or high evapotranspiration and consequently increase yields (Zaveri and Lobell, 2019), but the
subsequent depletion of water resources can lead to substantial local to regional water scarcity.

While it is well known that intensification has positive impacts on productivity and often negative
impacts on the environment (Therond et al., 2017), few studies have analyzed its effects on the
dynamics of the performances of agricultural systems. The recent meta-analysis of Knapp and van der
Heijden (2018) on the effect of conventional, organic and conservation agriculture on yield stability
showed contrasting effects depending on the crop, pedoclimatic conditions and intensification level,
and on the metric used to analyze stability (standard deviation (SD) or coefficient of variation (CV); see
also Li et al. (2019)). They highlight that the causes of yield stability remain unexplored. Kirchmann et
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al. (2016) indicate that comparing agricultural systems, such as conventional and organic, requires
sound “conditions for equitable evaluations...to avoid biased design, inappropriate interpretations and
flawed conclusions” (see also Gattinger et al. (2012)). Therond et al. (2017) point out that conventional
agriculture, like organic agriculture, covers a great diversity of cropping systems and thus the true
determinants of performances (including dynamics).

Recent key studies have focused on effects of diversity on dynamics of agricultural systems (Dardonville
et al,, submitted; Wang et al., 2019). To our knowledge, however, there is no summary of effects of
intensification that addresses problems related to comparing broad categories such as conventional vs.
organic agriculture. Consequently, we performed a systematic review of peer-reviewed articles that
guantified effects of intensification on the vulnerability, resilience and robustness (VRR) —i.e. dynamics
—of agricultural systems facing climatic and economic disturbances. This paper presents the main results
of the review and discusses them in light of recent studies that address these issues. This analysis
complements those of effects of diversity on VRR (Dardonville et al., submitted) and of the nature of
studies that investigate VRR of agricultural systems (Dardonville et al., submitted).

Methods

To identify relevant studies, we ran the following query [vulnerability, resilience or robustness x
agricultural system x quantitative evaluation] on the Web of Science Core Collection (WoS) for English
peer-reviewed articles from January 1988 to July 2018):

TS = ((vulnerabilit* OR resilien* OR robustness) AND (agri* OR agro* OR crop* OR farm* OR grass* OR
pastor*) AND (indicator® OR evaluat® OR quantitativ* OR quantif* OR model* OR simulat* OR decrease
OR increase OR assess*))

The search initially identified 10,635 articles. After focusing on articles involving temperate climate
zones, to collect results with similar ecological and socio-economic functioning, 3,542 articles remained.
To exclude studies outside the scope of the review, we first sorted by journal and WoS category. We
then used VOSviewer software to systematically sort the studies based on the co-occurrence of terms
(n=10) to identify terms that excluded studies outside the scope (1,434 articles remained). Finally, two
reviewers read the title and abstract of each remaining article, which yielded 37 articles that quantified
the VRR of agricultural systems in temperate zones at the field, farm or regional level. The sub-sample
of articles that addressed effects of intensification on VRR was analyzed for the present review (11
articles).

To summarize the results of the articles, we used the generic analytical framework developed by
Dardonville et al. (submitted). For each article, we specified (i) the disturbance that occurred (VRR “to
what disturbance”), (ii) the spatial and temporal resolution and extent of the study (VRR “when and
where”), (iii) the type and organizational level of the agricultural system investigated (VRR “of what
agricultural system”), the performance attribute that was important to maintain (VRR “for which
performance attribute”), whose dynamics were described using criteria of dynamics (e.g. variability,
trend), and the endogenous or exogenous characteristics and properties of agricultural systems that
resulted in VRR (VRR “due to which explanatory factors”).

Each result of each article was extracted and homogenously coded for each combination of disturbance,
type of production, organizational level, performance attribute, criterion of dynamics and explanatory
factor. The analysis yielded 145 results from 11 articles that focused on intensification (of agricultural
practices or socio-economic levels) as an explanatory factor (Table S 1).

Results

Only 11 articles were identified that quantitatively addressed effects of intensification on the VRR of
agricultural systems. Five articles (56 results) focused on crop systems, three (47 results) on livestock
systems, one on grassland systems (2 results), one on vineyard systems (35 results) and one on all
agricultural systems (3 results). The articles varied greatly in the type of agricultural system (crop,
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livestock, grassland, vineyard), organizational level (field, farm, region) and performance attribute (e.g.
yield, economic efficiency, quality of production) (Dardonville et al., submitted). The three articles that
studied livestock systems analyzed different performance attributes (economic efficiency of production,
self-sufficiency in forage and ability to feed the herd each day, Bouttes et al., 2018; Martin and Magne,
2015; Sabatier et al., 2015). Focusing only on results with the same characteristics (i.e. performance
attribute and type of production), we summarized those with intensification as an explanatory factor
for yield performance (9 of the 11 articles) of crop systems (5 of the 11 articles) when climate variability
and change occurs (10 of the 11 articles). Consequently, we focused on five of the 11 articles (i.e. 56 of
the 145 results) that studied crop yields for systems subjected to climate variability and change. Due to
the small sample size, we performed cross-sectional analysis regardless of the organizational level. The
five articles used different criteria for the dynamics of performance attributes: level, trend, variability
and probability of exceeding a given threshold (i.e. high or low yield).

The explanatory factors of intensification described in these five studies were the intensity of practices
(soil tillage, pesticide use, fertilizer use, irrigation), the level of capital, the economic size of the farm
(quantity or value of outputs) and the quantity of labor (number of individuals in the household) (Gaudin
et al., 2015; Matsushita et al., 2016; Reidsma and Ewert, 2008; Reidsma et al., 2008a; Urruty et al.,
2017).

When analyzing effects of intensification factors on crop system dynamics (Figure 23), we distinguished
effects on the yield itself (i.e. productivity) from those on the dynamics of yield (e.g. variability, trend).
As expected, a clear positive effect was observed for intensification of agricultural practices (pesticide
use, fertilization, use of soil amendments, irrigation and tillage) on yield at the field level (Gaudin et al.,
2015; Urruty et al., 2017).

Effects of intensification factors on the dynamics of yield were less clear. Of the 145 results, 67% were
negative or neutral, suggesting that intensification is not a relevant strategy to stabilize (i.e. achieve low
variability in) yield, increase the trend in yield or have a high probability of a high yield.

Fertilization, pesticide use, irrigation and tillage had variable effects on the variability and trend in yields
at field, farm and regional levels. For example, Urruty et al. (2017) showed that intensive fertilization
had no effect on the trend in yield at the field level, while Matsushita et al. (2016) showed a positive
effect of chemical fertilization on the short-term trend in yield at the regional level. Effects of
fertilization and irrigation are difficult to distinguish since they are strongly related: increasing one leads
to higher crop demand for the other. Reidsma et al. (2008a) showed that effects of fertilization and
irrigation at the regional level depended on the country investigated.

Farm economic size had a negative effect on the variability (i.e. stabilization) in yield at the regional level
(Reidsma and Ewert, 2008). However, the effects fluctuated between positive and negative for the trend
in yield at the farm level (Reidsma et al., 2008a). Household size had no effect on the trend in yield at
the regional level, but capital had a positive or neutral effect on it (Matsushita et al., 2016).
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Figure 23. Number of results indicating the direction of the effect of climate variability and change and
economic disturbance on the desired level (high) and dynamics (resilient) of yield for crop systems.
Desired dynamics include an increasing trend, low variability and high probability of a high yield. When
differences in results could be tested statistically, they were considered significant at p<0.05.

Discussion

This review highlights that few articles tested whether intensification influences the VRR of agricultural
systems. Only five articles remained when the corpus was reduced to those that studied the same set
of characteristics. The articles addressed the classic subjects of effects of climatic and economic
variability on vyield performance in crop systems. Only one article each addressed grasslands or
vineyards, while the three articles that addressed livestock systems could not be compared directly since
each examined a different performance attribute. Nonetheless, we discuss their results in light of those
for crop systems.

We found clear positive effects for intensification of input use (including tillage) on crop yield. Overall,
however, we also found that input intensification was not effective at mitigating negative effects of
climate change and economic variability on the dynamics of crop yield, regardless of the organizational
level. These results agree with those for livestock systems. Bouttes et al. (2018) showed that
intensification of practices (percentages of maize and concentrates in diets, stocking rate) in livestock
systems resulted in a high yield but a decreasing trend in economic efficiency of production. Martin and
Magne (2015) showed more variable results because the seasonality of climate events can favor or
disfavor grazing-based or maize-silage-based (more intensive) systems. Sabatier et al. (2015) showed
that a low stocking rate, and thus intensity of grazing, led to fewer overgrazing situations and thus less
“collapse”.

Similar to intensification of input use, intensification of capital and labor seemed to have no clear effect
on the trend in yield, regardless of the organizational level. Reidsma and Ewert (2008) and Reidsma et
al. (2008a) showed that farms with the largest economic outputs seemed more sensitive to high
temperatures at the regional level, and to high temperatures and subsidies at the farm level. In these
studies, the economic size of the farm can be considered a proxy of capital intensification, in the sense
that larger economic size is usually based on a large farm area or quantity of equipment (Bardaji and
Iraizoz, 2015).
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Our results contribute to the general debate on intensification. As mentioned, effects of intensification
on the dynamics of yield depend strongly on the “production situation” (Aubertot and Robin 2013).
Reidsma et al. (2008b) showed that the effect of irrigation on yield depended mainly on water
availability, fertilization level and crop type. Recently, Renard and Tilman (2019) revealed that yield
stability is increased by irrigation, but more so by species diversity and even more so by diversity in crop
functional groups (legume, cereal). They claim that diversification could be a better strategy for adapting
to climate change than irrigation in countries where water is unaffordable or insufficient. This indicates
that the type and management of crops must be adapted to local production situations, including
(water) resources (Aubertot and Robin, 2013; Knapp and van der Heijden, 2018; Zaveri and Lobell,
2019).

The dynamics of yield can depend on the level of production (Knapp and van der Heijden, 2018; Reidsma
et al., 2008b; Stampfli et al., 2018; Wang et al., 2019)(Figure 24). For example, Reidsma et al. (2008b)
showed that farms with lower yields (and less intensification) were less sensitive to climate disturbance
in regions that had already adapted to recurring drought and increasing temperatures (e.g.
Mediterranean regions). For grasslands, Figure 7 of Wang et al. (2019) showed that higher productivity
led to significantly higher variability (SD) in productivity. These results may be explained by effects of
biomass quantity on demand for and availability of resources required for growth (Figure 24). Biomass
guantity, associated with yield, determines a crop’s water and nutrient demands: the more biomass it
has, the higher its water and nutrient demands are. The availability of soil water and nutrients
determines whether these demands are met or not. Both demand for and availability of water and
nutrients influence each other. When water is scarce, rainfed systems with high production are
expected to be more sensitive to climate variability, which influences variability in soil water availability.
If these systems are irrigated and water for irrigation is available, however, they can maintain high
production. Addition of nutrients can also maintain production, but Rist et al. (2014) call this
maintenance of resilience through human inputs “coerced resilience”.

Knapp and van der Heijden (2018), Li et al. (2019) and Wang et al. (2019) assert that results can differ
depending on whether an absolute (i.e. SD) or relative (per unit of yield, i.e. CV) indicator of stability is
used. For example, Knapp and van der Heijden (2018) showed that organic and conventional farming
had the same absolute stability in production, but that organic farming had lower relative stability due
to lower production (-16%). In their results, higher yield led to higher relative stability, which seems to
contradict the theoretical principles mentioned previously about relations between vyield and its
dynamics. However, the authors did not test effects of irrigation or specify the type of disturbance (e.g.
drought) that occurred during the study period of nearly 4 years. It is possible that the conventional and
organic systems they compared did not have the same level of intensification (e.g. irrigation).
Accordingly, when comparing the VRR of a system’s yields, it is necessary to consider its production level
and crop management to ensure the analysis provides relevant results and avoids classic pitfalls when
comparing systems that can differ greatly, such as conventional vs. organic (Kirchmann et al., 2016).
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Figure 24. Diagram of the effect of production level and input intensification on production variability of
a crop/grassland system at the field level due to resource availability (water, nutrients) for a given
climate and soil. Without fertilization or irrigation (bottom), the associated low yield (low biomass) leads
to low plant water demand that is met by soil water availability, and thus few climate effects on yield
dynamics. With fertilization alone (middle), the higher yield and biomass increases plant water demand,
making yield dynamics more sensitive to climate variability. With fertilization and irrigation (top), the
higher yield and biomass increase plant water demand, which is met by irrigation, making yield nearly
insensitive to climate variability (when irrigation water is not limited). It shows that if intensification of
practices and production level are not considered, the top and bottom situations have similar yield
dynamics (low sensitivity to climate variability) but different explanatory factors.

While some agricultural practices can provide desired dynamics of yield (e.g. positive trend) in the short
term, it is necessary to consider long-term effects (Coomes et al., 2019). Matsushita et al. (2016) and
Zaveri and Lobell (2019) showed that fertilization and irrigation each increase yield trends in the short
term but that this effect tends to disappear in the longer term, perhaps due to yield stagnation.
Consequently, short-term studies may be unable to identify or highlight middle- or long-term effects
(Mdller et al., 2016).

From a long-term perspective, the dynamics of soil natural capital and local resources (e.g. water) also
have a major influence on the VRR of agricultural systems (Weyers and Gramig, 2017; Dardonville et al.,
submitted; Rist et al., 2014). Agricultural systems can exhibit VRR in the short term (e.g. season, year(s))
while experiencing degradation in soil natural capital and local resources due to intensive management
and high production. For example, intensive use of groundwater for irrigation can result in a water
shortage that renders irrigation more difficult (costlier) or even impossible (de Graaf et al., 2019). This
also occurs in agricultural systems that use soil natural capital without recycling it, such as those that
deplete soil organic matter (Drinkwater and Snapp, 2007) or organic systems that use the soil
phosphorus reserve without supplying organic matter to replace the phosphorus exported (Kirchmann
et al., 2009; Oelofse et al., 2010).

Although less intuitive, dynamics of resource use in agricultural systems can influence yield dynamics
over the long term. Efficient resource acquisition during a given period (e.g. by exploring soil horizons
(Barkaoui et al., 2016)) can initially lead to higher biomass production or stability (e.g. at the beginning
of aseason) but also greater depletion of soil resources. If the disturbance (e.g. drought) lasts or repeats,
the empty resource reserves (e.g. soil water or nutrients) and the large amount of biomass with high
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water and nutrient demands will become factors influencing vulnerability in the medium term (e.g. at
the end of the season) (Zavalloni et al., 2008).

Conclusion

Debate on the VRR of agricultural models is far from over, both on effects of intrinsic diversity
(Dardonville et al., submitted) and those of intensifying production by adding organic or chemical inputs
(as indicated by recent articles that compare conventional and organic systems). In this review, we
summarized results of articles that explicitly quantified effects of intensification on the VRR of
agricultural systems. The articles reviewed focused mainly on effects of climate on dynamics of yield.
We show that intensification, although ensuring higher crop vyields, is not always a reliable strategy to
support resilience to disturbances. We highlight two key methodological issues when analyzing the VRR
of agricultural systems. First, it is necessary to consider the production level (and its type) and the
intensification level because they determine the dynamics of water and nutrient availability and thus
the effects on production. Second, short-term studies may not be able to identify middle- or long-term
effects of intensification on endogenous (e.g. soil water content) or exogenous (e.g. local water
resources) resources and, in turn, on the VRR of agricultural systems. Intensification may have a positive
effect in the short term, but degrading natural capital creates a negative feedback loop in the longer
term (Dardonville et al.,, 2019; Rist et al.,, 2014). Accordingly, considering the characteristics of
production situations (crop, management, soil, climate) and local resources is necessary to design
resilient agricultural systems. More than ever, the question of intensification level and, more broadly,
production level, needs to be reintegrated into the design process. Society needs to take a position
about the objectives set for agricultural systems, deciding whether it is willing to sacrifice environmental
guality and resilience in return for high vyields. In the quest for agricultural sustainability in the most
productive zones in the world, it may be necessary to redefine objectives: less focus on the production
level and more focus on the desired dynamics, especially in the current context of climate change and
increasingly extreme climatic events (Tittonell et al., 2016).

Supplementary material

Table S 1 : The 11 articles selected, detailing the type of production, organizational level, disturbance
(categorized), performance attribute (categorized) and explanatory factors.

Reference  Prod. Org. Disturbance  Attribute Explanatory factors
type level

Bardaji and Wine Farm Climate Yield, quality Capital, labor, intensification of

Iraizoz, variability of production  wine production, adaptation

(2015) and change

Bouttes et Mixed Farm Climate Yield, Economic performance,

al., (2018) variability economic intensification  of  livestock
and change  efficiency of system, composition effect,

production farm diversity, livestock
structure

Gaudin et Crop Field Climate Yield Diversity of rotation,

al., (2015) variability intensification of crop system,
and change composition effect

Martin and Mixed Farm Climate Self- Intensification  of  livestock

Magne, variability sufficiency in  system, adaptation

(2015) and change  forage

Matsushita Crop Region Climate Yield Policies, composition effect,

et al., variability capital, intensification of crop

(2016) and change system, labor,  taxonomic

diversity
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Reidsma Crop Region Climate Yield Response diversity, farm
and Ewert variability diversity, farm/economic size,
(2008) and change intensification of crop system
Reidsma et Crop Farm Climatic and Yield Intensification of crop system,
al., (2008b) economic farm/economic size,
variability composition effect, adaptation,
policies, farm/economic size
Sabatier et Grassland Field Climate Ability to feed Continuous or rotational
al., (2015a) variability the herd each grazing, intensification  of
and change  day livestock system
Salvati, All Region Land Yield Composition effect, labor
(2010) degradation
Stampfli et Grassland Field Drought Yield Intensification of grassland use
al., (2018)
Urruty et Crop Field Climate Yield Intensification of crop system,
al., (2017) variability sowing  practices,  cultivar
and change characteristics,  diversity  of
rotation, composition effect,
adaptation
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WHAT PROSPECTS FOR WORK IN AGRICULTURE IN THE WORLD?
Benoit Dedieu

INRAE, France

Abstract: 1.3 billion people work in agriculture (family farmers, salaried workers), i.e. 27% of the world’s
active population (2018). The number of agricultural workers is expected to remain stable in the coming
years. Researches on work in agriculture remain rather disciplinary (economics dealing with labor
markets, ergonomics with occupational health, sociologists with family farming and rural development
or with the emergence of new figures of the profession...). Given these conditions, how can we produce
a consolidated vision of the future of work in agriculture on a global scale? This was the objective of the
2nd International Symposium on Work in Agriculture entitled: ‘Thinking the Future of Work in
agriculture’ (29 March — 1 April 2021). The dynamics of development of agriculture in the North (OECD)
contrast with those in the Global South and thus raise different issues. Is an “agriculture without
farmers” the future in the North (with salaried people in very big estates) considering the regular
decrease of the number of farms and of active population? In the South, decent work (from the ILO
definition) is still a target point for a significate part of the agricultural workforce. Beyond these deep
differences, some issues appears to be transversal. The agroecological transition is everywhere a change
inthe farming style and a change in work organization, and in working conditions that have to be studied
for different categories of workers (man, women, young, wage-earners). The digital revolution will
certainly support the smart industrial agriculture but may be useful in agroecological — family situations.
Migration is also a major phenomenon, from rural areas to cities, from poor countries to rich ones, often
leading to precarious and hard-working jobs. What are the perspectives for a research agenda? First,
decent and attractive employment is one key point for the future. Job satisfaction indicators (including
self-fulfillment) are to be deepen notably to foster youth (in the South) and new incomers (OECD)
interest for farming. Second, there is a need to considering the co-evolution of structural and social
drivers (enlargement of farms, societal recognition of farmers...), on farming’s new set of specifications
(ecologization of practices) and on digital opportunities. Third agri-chains and territorial approaches of
work should be enhanced.
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BUILDING FARM SYSTEM RESILIENCE IN CANTON VAUD
Ulysse Le Goff, Dominique Barjolle, Johan Six

Institute of Agricultural Sciences, Swiss Federal Institute of Technology in Zurich (ETHZ)

Introduction

Climate change is a challenge that affects particularly agriculture, which both is a cause of it and suffers
from it. The mission of agriculture is basically to produce enough food for today and for future
generations. The mission does not change but is facing a new context, with the ending of certain
resources, and new restrictions in relation with the urgent need to contribute to mitigate the climate
change (Paris Agreement). Swiss agriculture within the global food system already faces and will face
even more in the future, the consequences of climate change, such as climate shocks (droughts and
floods for example) or price volatility. Indeed, the whole Alpine area is more exposed to changes and
disturbances than other parts of Europe due to the global warming (Hoegh - Guldberg O et al., 2018).

To provide guidance for farmers and facilitators to cope with this harsh situation, it is necessary to
embrace complexity and change. In the agricultural research and the practitioner sector, the
“Resilience” framework gained influence recently to address this challenge (Darnhofer, 2014; Tendall et
al., 2015). In an agricultural context, resilience thinking implies that farms can co-evolve with their
context and adapt to a changing external system/environment (Darnhofer, Fairweather, & Moller,
2010). Thus, a resilient farm system can buffer shocks (Folke et al., 2010) or even transform into a new
system, with new processes, when the old, existing system cannot be sustained any longer (Walker,
Hollin, Carpenter, & Kinzig, 2004). This means that a resilient farm system will be able to persist over
time albeit unforeseen shocks or disturbances, but will not necessarily rebound and return its original
state as it will continue to evolve and adapt.

To strengthen farm system’s resilience, it is important to identify and assess where vulnerabilities rely.
However, resilience measurement is especially difficult for complex systems, and a Socio-Ecological
System (SES) (in our case farm systems), with its diverse dynamics and influences is particularly
challenging (Choptiany et al., 2016). Different resilience tools already exist focusing on different aspects
and scales (Barron, Douxchamps, Debevec, Giordano, & Barron, 2017). One of the resilience
measurement tools for an agricultural context was developed by the Food and Agriculture Organization
of the United Nations (FAQ); it is called the ‘Self-evaluation and Holistic Assessment of climate Resilience
of farmers and Pastoralists’ (SHARP*). The tool builds upon the IPCC definition of resilience (IPCC 2014):
“the capacity of social, economic, and environmental systems to cope with a hazardous event or trend
or disturbance, responding or reorganizing in ways that maintain their essential function, identity, and
structure, while also maintaining the capacity for adaptation, learning, and transformation”.

SHARP-based assessments aim at strengthening resilience through an approach built on flexibility,
learning and the knowledge of farmers themselves (Choptiany, Phillips, Graeub, Colozza, & Dixon, 2015).
It is both a quantitative and a qualitative measurement tool, since it considers the perceived and
expressed needs of farmers. This is possible because it works on household level and on a participatory
basis in close cooperation with the farmers (Choptiany et al., 2016). Information is generated and
analyzed with the farmers on site. Inadequacy in understanding the local context often leads to the
failure of agricultural extension services, especially in Africa (Isubikalu, 2007). To avoid this bias, the
SHARP-tool was designed in a trans-disciplinary manner, including technical experts, academia,
extension services and local farmers and works to empower agricultural producers to self-assess their
resilience and provide direct inputs into the results (Choptiany et al., 2016). In the SHARP-approach, it
is recommended that a facilitator supports the farmers in completing the SHARP survey and in
disentangling their resilience scores. To strengthen farm system resilience, the emphasis is put in using

49 See http://www.fao.org/in-action/sharp/en/
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and building upon local knowledge. Since the first implementation of SHARP in 2013, the tool has been
adapted to and used in over 18 different countries to assess, monitor and evaluate resilience (FAO
2018).

In Switzerland, the tool has been adapted with the help of local experts' knowledge, and feedback from
farmers through a pilot study with 25 farmers (Diserens et al., 2018).

In this paper, the authors focus on a selection of relatable farming systems and the resulting resilience
assessments, as well as overall key issues brought forth by the assessment tool and discussed with
farmers during group workshops.

The research question explored in this article is thus, based on a case study around two oppositely
diversified farming systems in Canton de Vaud: RQ - How is resilience built differently between different
farming systems in a same region? Two hypotheses will be discussed. H1: “The overall resilience is higher
for more diversified farming systems” and H2: “Diversified farming systems tend to have a stronger focus
on agroecological practices while more specialized farming systems may have a stronger focus on
diversifying their selling channels”.

1. Canton Vaud context
Canton Vaud agriculture and challenges

Switzerland is divided in three main geographical areas: the Alps, the Swiss Plateau and the Jura (Fig 2.).
Each region has a rather distinct climate and its own agroecological zone (AEZ). The Canton Vaud is
situated in the South-West of the Switzerland and is a good representation of the Swiss geography as it
embodies all three distinct regions described above. It encompasses high peaks and mountains rising
up to 3,210 m, as well as plains and lakes at low altitudes (EDA online 2018).

In the plain region of the Canton (“plateau”), the cropping systems include staple crops, vegetable and
fruit production as the climate in this region is particularly suitable for them with a long vegetation
growing period and temperate rainfall. This is in contrast to the situation in the mountainous Jura and
Alps regions, where the vegetation growing period is rather short, which allows for mainly pasture and
animal production (AGRIDEA 2011, Schulz et al. 2018)). The dynamic between mountains and plains
takes an important place. Nevertheless, field crops remain important for Vaud as more than half of the
agricultural area is dedicated to them. Thus, Vaud has a really rich and diversified agriculture.

Figure 25: Map of Switzerland displaying the three main regions (green: Jura, yellow: Swiss Plateau
cultivated mostly with open field crops and brown: Alps) and the borders of the Canton Vaud (in black).
Adapted from Office Fédéral de I’environnement, 2008. Photo credit: U. Le Goff

In the context of economic instability and loss of attraction of agriculture, the number of farms has
considerably decreased over the last 40 years dropping from 111,000 in 1975 to 51,600 in 2017. In
parallel, the average area of these farms has almost doubled to reach 20 ha. In contrast, organic farming
is increasing and now 14% of Swiss farms are organically certified (OFS, 2017). Organic farms are
economically better off in terms of financial sustainability (Sanders et al., 2014; van der Ploeg et al.,
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2019). Like organic agriculture, other systems of production (“integrated production”, very similar to
integrated pest management) that are more environmentally sustainable are gaining importance on the
domestic market. This diversification is opposed to the specialization promoted by policies and the need
of doing structural economic changes to reduce cost in the past years (Knickel et al., 2018).

The Vaud agricultural policy promotes subsistence and quality agricultural production, which is
environmentally sustainable and provides sufficient economic remuneration for the farmers (Blattler,
2016). The Vaud agriculture must meet the needs of the market and society as written in the agricultural
policy (LAgr and RAgrEco 2010). Therefore, agriculture is in a delicate position, because it is subject to
market uncertainties and economic constraints like price volatility and low competitiveness in
comparison with other countries, as well as to the societal changes (pressure to reduce drastically
chemical pesticides and fertilizers, increasing demand for organic and local food, etc.).

In Vaud, as in Switzerland overall, agriculture is facing major challenges. Climate change is becoming a
significant issue for farmers along with other challenges that threaten the agricultural production and
the economic stability of Swiss agriculture. These issues are notably the opening of the Swiss borders to
international products and the increase in urbanization that could lead to great disturbances. In his
report on Swiss French agriculture conducted in 2016 Blattler (2016) recommends to implement tools
and measurement to address the growing uncertainties concerning agricultural prices and climate
change. As a matter of fact, even in a wealthy country like Switzerland, agriculture can be highly affected
by globalization and climate change. In 2018, the consequences of climate change were already seen in
Vaud: the heavy drought has been especially detrimental to mountain pasture and rain-fed crops (e.g.
vine, field crops and arboriculture) (USP online 2018). Emergency assistance was put in place to provide
water for the cattle on the mountain pastures in conjunction with a decrease in border taxes on animal
feed.

2. Tools and methods
Farm system resilience assessments

A set of 69 questions asked in face-to-face and remote surveys and related to the 13 behavior-based
resilience indicators identified by Cabell & Oelofse (2012) have been taken as basis for the resilience
assessment, together with their individual scores. The computation of the 13 indicators was conducted
by merging the different SHARP question scores by following the methodological framework in
(Choptiany et al., 2015). The 13 indicators integrate multiple aspects from different question areas to
provide a comprehensive assessment of resilience.

Figure 26. The adaptive cycle and Cabell and Oelofse’s 13 agroecosystem indicators
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Table 1: Indicators along the adaptive circle
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Adaptive cycle
phase

Agro-
ecosystem
indicator

Features

Rating criteria* Switzerland

Release (Q)

7. Exposed to
disturbances

The system is exposed to
discrete, low-level events
that cause disruptions
without  pushing  the
system beyond a critical
threshold

New varieties & breeds, crop &
livestock losses,
information/education, buffer zones,
weed management, dealing with
disturbances

Release (Q) to
Reorganization

(at)

1: Socially self-
organized

Farmers and consumers
are able to organize into
grassroots networks and
institutions such as co-ops,
farmer’s markets,
community sustainability
associations and advisory
networks

Group membership, crop & livestock
losses, access to water, dealing with
shocks, = community  cooperation,
previous collective action, access to
markets

Individuals and institutions

. learn from past | Household composition, record
9: Reflective _ . . .
and shared experiences and present | keeping, access to information,
. experimentation to | governmental policies, group
learning o .
anticipate change and|membership, disturbances
create desirable futures.
Maintenance of heirloom
seeds and engagement of . :
. gag . Household composition, production
11: Honors | elders, incorporation of
. o forms,  trees & agroforestry,
legacy traditional cultivation

techniques with modern
knowledge

information/education

Builds (does not deplete)

Land management practices, livestock

— . ) . ractices, trees & agroforestry,
Reorganization | 8: Coupled with | soil organic matter, P . . & Y
. synthetic  pesticides use, water
(a) to | local natural | recharges water, little . . .
L . . . conservation, water quality, soil
Exploitation (r) | capital need to import nutrients .
quality, presence of legumes, energy
or export waste . .
conservation, fertilizer use
Self-regulated est . -
g P Crop production, new varieties &
management (usage of )
o breeds, trees & agroforestry, synthetic
) predators or parasitoids), -
2: Ecologically pesticides use, access to water,
use of ecosystem
self-regulated . . presence of legumes, buffer zones,
engineers, and align energy sources, energy conservation
Exploitation (r) production  with  local &Y ’ &Yy ’

to
Conservation

(K)

ecological parameters

fertilizer use

3:
Appropriately
connected

Collaborating with multiple

suppliers, outlets, and
fellow  farmers; crops
planted in polycultures

that encourage symbiosis
and mutualism

Seed & breed sources, access to
information, intercropping, veterinary
access, community cooperation,
previous collective action, information
& communication technologies,
market information, market access
(buying/ selling), price stability
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Patchiness on the farm and
across the landscape,
mosaic pattern of
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Crop production, trees & agroforestry,

temporal managed and unmanaged | intercropping, land ownership, soil
heterogeneity |land, diverse cultivation | quality and soil management
practices, crop rotation
and in association
Less dependence  on

10: Globally
autonomous &
locally

interdependent

commodity markets and
reduced external inputs;
more sales to local
markets, reliance on local
resources; existence of
farmer  co-ops, close
relationships between
producer and consumer,
and shared resources

Livestock nutrition, new varieties &
breeds, animal diseases, land
ownership, energy sources, weed

management, collective action, local
farm input, direct marketing, market
access (buying)

13: Reasonable
profitable

Farmers and farm workers
earn a livable wage;
agriculture sector does not
rely on  distortionary
subsidies

Productive assets, insurances, main
income sources, external income,
savings, investments, financial
resources, stakeholder interactions,
market access (buying)

Conservation
(K) to Release
(Q)

5: Optimally
redundant

Planting multiple varieties
of crops rather than one,
keeping equipment for
various crops, getting
nutrients from multiple
sources, capturing water
from multiple sources

Crops, livestock nutrition & practices,
new varieties & breeds, trees &
agroforestry, access to water, land
management, energy sources,
fertilizer use, group membership,
productive assets, market access
(buying & selling)

Throughout
the Cycle

Heterogeneity of features

Production types, aquaculture, crop

. within the landscape and |and livestock practices, trees &
4: Functional & ) ) . }
resnOnse on the farm; diversity of | agroforestry, animal diseases, pest
divzrsit inputs, outputs, income | management, buffer zones, weed
Y sources, markets, pest|management, main income sources,
controls, etc. market access (buying & selling)
Investment in
infrastructure and
institutions for the | Household composition,
1- Builds education of children and | infrastructure, synthetic pesticides,
) . adults, support for social | water quality, land management,
human capital _ ) .
events in farming | legumes, buffer zones, fertilizer, group
communities,  programs | membership, food

for preservation of local
knowledge

Representative sampling through a k-medoids clustering

Due to its diversity of environments and agricultural productions, the Canton Vaud presents a wide
range of farming systems. Capturing this diversity through a typology is crucial for understanding the
farming system. (Dixon, Gulliver, & Gibbon, 2001; Kuivanen et al., 2016). We thus aimed at simplifying
this complexity by identifying a small number of farming systems (<20), i.e. structurally similar farms in
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terms of productions and size so that we could get insight on resilience for each of these farming
systems.

Farm systems are a part of a complex network of social and ecological interactions comprised of
environmental, economic, social and political factors (lkerd, 1993; Moller, Darnhofer, & Fairweather,
2008), and can be considered as a SES (Ostrom, 2009). A farming system (FS) is comprised of multiple,
individual farms with similar resources, production patterns and external conditions (Darnhofer,
Gibbon, & Dedieu, 2012; Dixon et al., 2001). It must be mentioned, that for this paper, the farmsin each
farming system are grouped according to their productive surfaces and livestock and may show large
variations, e.g. the production patterns or the resource bases vary among FSs. Nevertheless, farms were
grouped into FSs, under the hypothesis that FS’ complexity may be the most decisive factor for
measuring resilience (Bennett, Cumming, & Peterson, 2005; Carpenter, Bennett, & Peterson, 2006;
Darnhofer, 2010).

The identification of FS was carried out using the Vaud Acorda® public dataset from 2016. This dataset
is collected annually to register all surfaces cultivated by farmers as well as livestock in order to direct
government subsidies. It comprises more than 150 variables for 3,284 farmers (as of 2016).
Unregistered farms were thus ignored from this study; these correspond to a few large agricultural wine
and pork companies integrating the whole value chain and numerous small producers doing this often
as a hobby (e.g. <1,000m? of vine). Preliminary work was carried out to group variables according to
similarities in terms of technical-economic impacts on the farm. This work was carried using local
literature and local expert interviews (administration, extension services, farmers, etc.). 14 surface
items and 6 animal items resulted from this preliminary work. Some variables were kept as informative
variables.

Based on this data, a cluster analysis was carried on all 20 variables and 3,184 farms to group farms in
FSs. We conducted this using a k-medoids clustering algorithm using the R software program. The
process for determining k (the number of clusters) was a back-and-forth discussion with experts and
analysis of resulting clusters. Although our first aim was to reach a k between 10 and 15 to make it easier
to present and use, we had to go up to 22 different clusters due to the wide diversity of situations
existing in the Canton, which local experts considered an accurate representation of the diversity of
farming systems in the Canton.

Table 17: Cluster analysis results in 22 FS

Amount of

FS number z\lba;rsneed on a post-clustering analysis) ser I .
comprised
1 Small-size pasture-based livestock farm 8 397
2 Mid-size crop pasture-based livestock farm 19 343
3 Mid-size cereal growers 8 303
4 Dairy farms with large herds 8 289
5 Mid-size cereal and beet growers 5 244
6 Small-size vineyards 6 228
7 Above average-scale cereal farms 5 178
8 Meat cattle farms 4 174
9 Permanent grassland farms 5 173

407



IFSA 2022

10 Large beet and cereal farms 6 151
11 Fodder producers 5 133
12 Large pasture-based dairy farms with limited livestock 4 114
13 Transhumant dairy farms 5 99
14 Beet and potato farms 6 95
15 Large vineyards 1 90
16 Horse farms 5 76
17 Poultry farms with limited surface 7 58
18 Seeds and cereals farms 6 54
19 Tobacco farms 5 34
20 Sheep and goat farms 4 25
21 Fruit tree farms 0 16
22 Pig farms 0 10

Choice of farming systems for comparison

The focus in this paper is on two typical farming systems in the Canton, corresponding to the second
and fourth most numerous clusters (343 and 289 farms) resulting from the cluster analysis. Since the
FSs were created based on the surface areas and livestock units, and centered around existing farms
(medoids), they may sensibly be described by the corresponding values for the medoid farms. The two
FSs use roughly the same land area (around 25-30 ha) in a similar way (>50% pastures) but a major
difference lies in the degree of specialization in dairy production; farms included in FS2 usually include
cattle but to a rather low level (<6 LU in the medoid farm) while FS4 is characterized by a relatively large
dairy cattle herd (>60LU for the medoid farm), which is the highest medoid value among all FS. This
difference can be expected to have major impacts on the resilience of both FSs as it may reveal major
differences in the strategy used by farmers in both cases to reach their own objectives. Farmsin FS2 can
be expected to meke use of extra activities to maintain sufficient revenues (direct selling, part-time job
outside the farm, etc.) while the FS4 may have focused on decreasing marginal costs through investing
in larger facilities.

The choice of FSs analysed here is motivated first by frequent and recent droughts in Switzerland
(notably 2015 and 2018) during summer. These can have largely affected grassland productivity
(Meisser et al., 2013) and cattle owners, although emergency measures from the Canton helped reduce
the impact. This choice is also motivated by the recurring difficulties encountered by the dairy producers
in Switzerland to reach decent revenues from milk, especially for those selling to industrial processers
outside of the Protected Designation of Origin (PDO) productions.
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Figure 27: Medoid farms UAA and LU distribution for FS2 and F54
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Although FS4 from this data may seem to be more diversified, as it includes more cattle for an overall
similar set of crop and grassland productions, we here consider it to be the more specialized one.
Indeed, most of the production from grassland and crops in FS4 are likely to be destined for cattle feed
and milk production may eventually be overwhelming over other outputs.

Farmers from both farming systems were interviewed within the project (19 from FS2 and 8 from FS4).
Discussion workshops

Discussion workshops were held to help address the issues identified with the lowest resilience scores
in each region. In each case, the 5 or 6 least resilient aspects at the regional level were proposed for the
group discussion. As a reminder, the importance scores were also presented. Where possible, only the
scores corresponding to the participants in the discussion session were taken into account. Collectively,
3 aspects were chosen each time, on which each participant could contribute to explain the causes of
these relatively low scores of resilience and develop possible solutions to improve the situation.

3. Results
Resilience assessments

Average values for most resilience indicators differ between FS2 and FS4 but disparities within each FS
complicate the analysis of significant differences. Analyses of variance were carried for each indicator,
revealing only one indicator with significant different values: 10 - Globally autonomous and locally
interdependent. (see Figure 4 below). This indicates that large dairy farms (represented by FS4) are more
dependent on global trends than less specialized farms (represented by FS2), which have a closer
connection with their local socio-economic environment. This is particularly crucial in Switzerland where
further opening of the national agri-food market to foreign production is a recurring debate, as it puts
many farmers producing standard products for the food industry at risk.
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As discussion workshops revealed, this risk was precisely perceived as higher than the one related to
climate change. Indeed, many farmers are so far not sure about future impact of climate change on
Swiss agriculture. They feel much more at risk when it comes to decrease or volatility of the prices paid
for agricultural commodities.

Thus, the relative difference observed between both farming system for this indicator means a much
secure situation for less specialized farmers involved in more than one supply chain and less dependent
on external factors. This degree of control on their situation can also be a factor of satisfaction
(Sumarwan & Hira, 1993).

Figure 28: Resilience indicators for farming systems FS 2 - Diversified pasture-based mid-size FS and FS 4
- Large dairy FS. The scoring ranges from 0 to 10 and was here zoomed from 2 to 8 to better visualize
existing differences.
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The general situation across the two farming systems can also be drawn from these results. We observe
strengths over indicators related to learning, knowledge transmission and education (indicators 9, 11
and 12), indicating a good learning process over generations. However, the observed relative lack of
positive connections among local actors may somehow prevent peer to peer learning (indicators 1, 3
and to a varying degree indicator 10).

The degree of exposure to disturbance is possibly too high in Switzerland, as shown by indicator 7. This
could be due to a combination of a relatively high use of pesticides, high prices and price control for
certain commodities compared to neighboring countries, and especially for Protected Designation of
Origin (like Le Gruyére PDO), efficient public support in case of critical situations (for ex. severe
droughts), and high level of insurance coverage. While this situation is currently comfortable, it blocks
certain adaptations, as well as the learning process to adapt to shocks. Such high combination of public
support and private insurance protection can be analyzed as provoking a lack of stimulation to adapt,
and a less developed capacity to react to shocks when they occur. This provokes structural rigidities and
anxiety by the farmers, who develop as well defensive attitudes towards changes.

Aside from the differences observed at the indicator level, the relative proximity for most indicators at
the indicator level between the two FSs indicates the rather small impact of the nature and amount of
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the crops grown and livestock owned on the farm resilience. Elements assessed through the SHARP tool
include questions about the way the land is managed and how the animals are bred (agronomic and
zootechnical factors), the way production is valued and sold in and from the farm (economic factors),
as well as more social factors like the education, the groups in which farmers are, etc. Thus, this study
reveals that the choices made at technical level (crops, livestock) is not much correlated with the various
resilience scores. The conclusion is that other communalities are more likely to play an important role,
notably the agricultural policy, and the economic situation.

Based on these results, the hypothesis H1 (The overall resilience is higher for more diversified farming
systems.) could be confirmed. However, H2 (Diversified farming systems tend to have a stronger focus
on agroecological practices while more specialised farming systems may have a stronger focus on
diversifying their selling channels.) could not be confirmed. It rather seems in this case that their high
level of production in one type of output constrains them to sell to a larger intermediary processer and
prevents them from reaching to other selling channels for which a diversity of production may be
preferential.

Discussion workshops

Several aspects of the farm systems were discussed during the discussion workshops-The aspects
discussed were: policies and standards, savings, sales prices, market access, short circuits, past collective
actions, energy conservation, water conservation, ecological buffer zones, management of pests, loss
of crops and livestock, associated crops and trees and agroforestry.

For each aspect discussed, the regions in which these aspects were discussed are mentioned as well as
the causes and identified solutions. The ideas are reported as advanced by the participating farmers and
do not necessarily reflect the views of the partners and collaborators involved in this project.

As examples, we present here the discussion of four important topics: “Policies and standards”,

T

“Conservation of energy”, “Water conservation” and “Mixed cropping and agroforestry”.

Policies and standards were discussed in all regions: Broye, Jura, Chablais, Morges, Pays d'Enhaut. This
was actually the most discussed aspect in the 5 workshops. Farmers shared their general weariness with
the current system, which they believe is too restrictive and changing. The lack of consideration of local
situations has also been mentioned several times, as well as the heavy administrative burden. This set
makes innovative take-up difficult for most operators. The gap between the agricultural world and the
rest of society and the economy has also been identified as a major fragility. Participating farmers
expressed that they would like a more regionalized and stable agricultural policy. Peasant solidarity and
the common defense of the rights and interests of the profession are mentioned as important elements
to ensure the establishment of a satisfactory agricultural policy. Contact and communication with the
rest of society are also presented as a way of freeing themselves from distorted or truncated visions of
the agricultural world that are sometimes widely disseminated.

Conservation of energy was discussed in 4 regions: Chablais, Broye, Morges, Pays d'Enhaut.

The lack of energy-efficient infrastructure was notably explained by (1) the level of needed investment,
(2) the sometimes heavy administrative and regulatory constraints (eg. Lavaux in the UNESCO heritage
zone), (3) the lack of profitability due to the relatively too small size of farms (for example for biogas
plants) and the current much too low price of energy. In order to allow for greater development of
energy savings or autonomy, farmers asked for the simplification of procedures, the organization of
collective networks and the promotion of small-scale solutions (such as chip boilers or old fans).
Synergies between energy policy and agricultural policy should favor such a development.

Water conservation was a topic in 4 regions: Jura, Plain of the Orbe, Broye. The great variability of
climatic situations between years and during each year, probably related to climate change, was found
to explain the difficulty of conserving water over a year. The infrastructures were declared insufficient
and often not sufficiently maintained. Increasing concreting of the landscape could also explain the
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instability of the water supply. Farmers advocated for more water-retaining structures to better spread
water access over the year and less water-intensive farming practices such as conservation agriculture,
under-seeding or the use of sheep in the vineyard to manage the grass.

Mixed cropping and agroforestry topics were discussed in three different workshops (Regions Plain of
the Orbe, Morges, Nyon). The mentioned causes of a relatively weak development of these practices
were (1) the level of technicality that requires time and motivation to learn, (2) the external gaze of
passers-by and neighbors on visibly heterogeneous or even "dirty" plots, (3) advice provided by
phytosanitary selling companies that does not always favor these practices and (4) the lack of outlets
for productions resulting from these practices. For agroforestry, the participants also mentioned the
complexity and the administrative rigidity, in particular at the level of zoning, as well as the need for a
long-term vision to make the investment profitable over several decades, which is complicated by
transmission difficulties and uncertainties at this time scale. The development of these practices
therefore, according to the participants, depends on more popularization and sharing of knowledge.
The participants advocated solutions to support collective agreement in order to develop adequate
ways of selling the products, for ex. the establishment of agreements with mills to sort mixed crops for
associated crops or self-harvesting for agroforestry. Specific material could be purchased collectively.

4, Discussion and conclusion

This study confirmed the high diversity of FSs in Canton Vaud in Switzerland. It allows a broad
understanding of different farm dynamics and regional issues affecting agriculture. This diversity of
productions is nevertheless tempered in terms of resilience by a rather constraining and protected
context, notably due to the Swiss agricultural and commercial policies.

A limit of our approach is the small sample size per farming systems, and the scoring benchmarks used
in the SHARP tool in its Swiss version, which may rather highlight all the range of possible answers
instead of highlighting results when existing.

The results show that the nature of cultivated crops and the herd size (used to construct the FSs here)
may not be the most relevant factors for farm system resilience, as how crops are grown and how
products are sold may matter as much.

In order to understand territorial dynamics affecting farming systems and their interactions in a
changing environment, there is a need for methodologies of resilience assessments suited to a
diversified territory including a broad range of FSs, and not solely to specific supply chains. We believe
this study paves the way forward to reach this. The greater data availability linked to the digitization of
agriculture is also promising to improve the type of data collected and used for the assessment.

The SHARP approach and tool proved to be useful to reach insightful regional and farmer-based
perspectives on resilience development, by evaluating individually and discussing collectively the
situation and the underlying issues and opportunities. These results should however not be mistaken
for sustainability assessments. Assessing resilience allows concluding on adaptation and mitigation
strategies, and reasons behind adopting a proactive behavior in building more resilient FSs. Further
investigation should be carried on the FS dynamics (growth, specialization, diversification, etc.) and the
reasons mentioned by farmers for these changes. In our case study, this may be done in the future by
further exploring farm level data over different time periods.

Although the overall context seems, from these results, to play an important role on the farm resilience,
this aspect was further discussed in a meta-analysis jointly carried together with staff from the FAO by
comparing our results to those of another case study in Uganda using the SHARP tool in an adapted
version (Le Goff et al., 2018). This study concluded that context indeed plays a major role in resilience,
with highly adverse conditions possibly favoring the use of agroecological practices and locally grounded
solutions. This study further highlighted the difference existing between resilience and sustainability
and the need for both approaches to support development.
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In the aftermath of the project, the cantonal and federal agricultural policy responded to the concerns
expressed by farmers during our discussion workshops by funding a pilot and monitored agricultural
policy around agroforestry for 2020-2028 in order to better understand its actual impact in Switzerland
before possibly implementing it in a future federal agricultural policy.
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ASSESSMENT OF VULNERABILITY TO CLIMATE CHANGE OF MAIZE FARMING SYSTEMS: DESIGNING AN
INDICATOR SET BASED ON FARMERS’ PERCEPTIONS AND KNOWLEDGE
Marine Albert, Jacques-Eric Bergez, Stéphane Couture

INRAE, France

Abstract: Maize growers in Southwestern France are facing increasing climatic variability, creating
negative impacts on their farming systems (e.g soil erosion, water stress). Understanding vulnerability
of these farming systems is an essential step in order to enhance new adapted farming systems toward
climate change. Although vulnerability is a central concept in climate change studies (IPCC, 2021), and
has already been discussed a lot in the literature (Martin et al., 2017), there is scarce knowledge on its
operationalization to assess farming systems (Callo-Concha and Ewert, 2014; Urruty et al., 2016). This
thesis aims at contributing to this issue by identifying determinants of vulnerability and create a generic
multicriteria methodology to assess vulnerability at farm level. Surveys with maize growers are central
in our work, since we build a set of indicators based on farmers’ perceptions and knowledge. Original
methods are used in order to elicite determinants of vulnerability, such as lottery games, role plays, and
scenarii. At this stage of the thesis, results revealed (i) the important influence of cognitive and
psychological factors of the farmer on vulnerability of the farming system, and (ii) a significative
heterogeneity among farmers in their evaluation of adaptation strategies for reducing vulnerability. We
plan to confront the set of indicators based on farmers to literature and experts in order to develop and
validate the set of indicators as well as its operational framework, from a scientific point of view. To this
end we will use participatory methods through focus groups involving both researchers, agronomists
and technical advisors. Finally we will test the revised set of indicators with maize growers to make sure
of its suitability and good handling. Results of this thesis will give knowledge and tools for advisors and
policy-makers to adapt their support strategies for maize growers, in a context of climate change.
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CAN WE PUSH AGROECOLOGY A STEP FURTHER?
Sara BURBI?, Ulrich SCHMUTZ and Stéphane BELLON®

2Centre for Agroecology, Water and Resilience (CAWR), Coventry University, United Kingdom
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¢ French National Institute for Agricultural Research (INRA), Department of Sciences for Action and
Development, Avignon, France

Abstract: There have been many studies recently advocating for the adoption of more agroecological
farming practices related to climate change. In this session we want to go beyond the initial concepts of
agroecology and address specific needs such as reduced dependence on external inputs. We feel, while
agroecology can be well received as a theoretical concept by practitioners in a wide range of contexts,
there is a need to delve deeper into its practical and technological aspects to implementing it further.
We are looking for works that takes agroecology a step further. For example, farming system solutions
for Mediterranean horticulture with zero pesticides inputs (also including zero copper or mineral oils -
still allowed in certified organic farming) can be a challenge to implement and may need innovative
approaches. Another example can be silvopastoral systems the production of tree fodder with anti-
parasitic and anti-microbial effects, eliminating synthetic drugs use in animal husbandry. Similarly, the
use of plastics is still wide-spread and phasing out other climate change relevant inputs like peat has still
not taken off, especially in horticulture. Food storage and processing can also be an asset in alleviating
impacts of climate change. Moreover, technological pathways exemplifying how changed
agroecological food and farming systems can contribute to climate-friendly designs are welcome. These
may include a reduction in use of external inputs during the production phase, dietary changes and
pasture management strategies to reduce emissions from livestock, storage, treatment and application
technologies to mitigate emissions from manure. The potential consequences of changed practices and
inputs on the adaptation and mitigation of climate change are important to assess, together with their
integration into short food supply chains and changed diets.
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CARBON FOOTPRINT OF IBERIAN DEHESA PRODUCTS: SEQUESTRATION IN SOILS AND WOODY
VEGETATION CAN OFFSET LIVESTOCK EMISSIONS.
Mireia Llorente?, Gerardo Moreno®

2Forestry School, University of Extremadura, Plasencia, Spain
®INDEHESA, Forestry School, University of Extremadura, Spain

Abstract

The Iberian dehesa is a traditional, but also up-to-date, Mediterranean agrosilvopastoral system. It
might be regarded as a successful example of how a farming system can be compatible with resource
conservation and sustainable development, while also playing an interesting role in Climate Change
mitigation. Carbon from the atmosphere is fixed by plant photosynthesis and stored as carbon in
aboveground and belowground biomass. Soil organic matter also represents a great sink of C. In parallel,
greenhouse gas emissions from livestock production systems are usually considered to be the largest
source of agricultural emissions. There is a knowledge gap regarding to what extent carbon
sequestration in the ecosystem can offset emissions in extensive silvopastoral systems. The link
between Climate Change and livestock farming has made the Carbon Footprint a worldwide indicator
for assessing and communicating the amount of greenhouse gases emitted per unit of product.
Nevertheless, most studies do not include soil and biomass carbon sequestration in their carbon
footprint calculations. In this study, we point out the importance of noting that extensive farming is
closely linked to dehesa ecosystem conservation and, therefore, the carbon footprint in pastoral
systems should take geographical location into account.

We measured soil C stock changes at 110 points of the Iberian dehesa over a mean period of 22 years.
We found temporal changes in soil C concentration ranging from -0.055 to 0.199% per year, with a SOC
stock change average of 0.83 Tn-ha*-year™. That amount represents an annual soil C stock growth rate
of around 11%., way above the proposed ‘4 per mille Soils for Food Security and Climate’ of the Lima-
Paris Action Agenda. Aboveground biomass stock changes of trees were also measured by comparing
the Spanish National Forest Inventories. The C sequestration rate in the trees amounts to 0.08 Ton C-ha"
Lyear™®. Taking into account soils and vegetation, C sequestration in dehesas would offset most of the
emissions of GHG estimated for the livestock-based food produced in the pastoral farming system,
including on- and off-farm emissions.

INTRODUCTION

Dehesas are agroforestry systems characterized by scattered trees among pastures, crops and/or
fallows. Dehesas are traditional, but also up-to-date, agrosilvopastoral ecosystems of the Iberian
Peninsula, which are adapted to the unpredictability of the Mediterranean climate (Joffre et al. 1999;
Moreno and Cubera 2008). These multipurpose systems cover at least 4 million hectares in central and
south-western Spain (Moreno and Pulido 2008). Extensive livestock systems are largely responsible for
the ecological features of the dehesa. Livestock take advantage of the forage resources, not just
comprising grassland, but also trees, which are used, not only as a resource in their own right, but also
as a regulator of hydrological stress for the underlying herbaceous stratum (Joffre et al., 1999). Thanks
to a reduced stocking rate, a balance can be achieved between animal pressure and the conservation
of the territory.

The significant contribution of food production to greenhouse gas (GHG) emissions (Herrero et al., 2013)
has made calculating the Carbon Footprint (CF) of food products increasingly popular. In that sense, it
is important to note that extensive farming is closely linked to ecosystem conservation and, therefore,
the CF in agroforestry systems should take geographical location into account. Carbon sequestration (C)
in agroforestry systems must slow or even reverse the increase in atmospheric concentration of CO; by
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storing soil organic carbon (SOC) for millennia (Lorenz and Lal, 2014; Waldrom et al., 2017). However,
thereis a knowledge gap regarding to what extent C sequestration in the ecosystem can offset emissions
in extensive silvopastoral systems, and usually no - or only generic - information on C sequestration
rates is included in CF calculations.

Agroforestry systems are able to store significant quantities of C in biomass and soils. On the one hand,
the largest terrestrial pool of Cis found in soils, with spatially variable but large annual C exchanges with
the atmosphere. Moreover, SOC is the major determinant of soil quality, and it greatly influences the
global carbon cycle and climate change. Restoring, increasing and protecting SOC is, therefore, a global
priority and is covered by the United Nations Conventions on Climate Change, Desertification and
Biodiversity (Cowie et al., 2011). The SOC pool, in particular, is the only terrestrial pool with the ability
to store carbon for millennia, and that ability can be deliberately enhanced by agroforestry practices
(Lorenz and Lal, 2014). Therefore, dehesas would play an important role in the mitigation of global
climate change through soil and vegetation conservation and management. However, the spatial
heterogeneity of dehesas, their complex management and their generally low soil organic carbon
contents (Howlett et al., 2011; Rodeghiero et al., 2011) may be the reason for the scant attention paid
to that ecosystem. Determining the C storage capacity of this expansive land use in Spain will be vital to
national C accounting, and may serve to foment the restoration of this and other savanna-like systems
in the world.

On the other hand, vegetation C stocks and sequestration rates are both an important compartment in
the C cycle and a relevant factor in soil C stocks, although the incorporation of biomass vegetation C
stock and its C sequestration rates into CF of agroforestry products is scarce (Ruiz-Peinado et al., 2013).
The rate of tree growth and timber harvesting determines the C storage capacity of living biomass and
deadwood. Data from the Second and Third Spanish National Forest Inventories, which reflect changes
over 10 years, is a useful tool for estimating the C storage in the tree biomass of dehesa systems and
also the change rate in the C stock. The belowground biomass of forest landscapes plays a key role in
carbon storage (Litton and Giardina, 2008). Since estimating belowground biomass is a complex process
which requires great effort in terms of the time and cost of collecting data, a plausible approach to
investigating forest belowground biomass is to establish a relationship between a number of
dendrometric parameters related to the aboveground vegetation (e.g., tree diameter and height) and
the belowground component of the total biomass (Ruiz-Peinado et al., 2012).

This study was undertaken to: (1) quantify C stocks in soils and tree biomass of Iberian dehesa systems;
(2) estimate the C sequestration rate of the ecosystem by calculating C stock change rate; (3) establish
the C sequestration potential of the dehesa following the concept of C saturation and soil C saturation
deficit; (4) balance the C sequestration capacity of the dehesa and GHG with its extensive livestock
systems.

MATERIAL AND METHODS
Site Description

The Mediterranean dehesas are between 350 and 550 m.a.s.l. The climate is typically Mediterranean,
with high climatic intra- and inter-annual variability. Rainfall, from 400 to 800 mm, is concentrated
during the cooler months of the year and there is a long period of summer drought, with high
temperatures and without relevant rainfall. The mean annual temperature ranges from 14 to 17°C.
During periods of dry and sunny weather, between June and September, plant-available water is quickly
exhausted. Characterized by the presence of a savannah-like open tree layer, mainly dominated by
Mediterranean evergreen oaks —holm oak (Quercus ilex) and cork oak (Q. suber) —and to a lesser extent
by the deciduous Q. pyrenaica and Q. Faginea, dehesas are usually found on acid soils originating from
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siliceous, which is poor in nutrients and has shallow soils (rarely > 50 cm). This low fertility has limited
its use for growing crops. Soil variability is high in the dehesas as a result of erosion, transportation and
sedimentation processes from hillsides and seasonal streams. The soil is mostly luvisols, leptosols and
cambisols with different depths and development.

Selection of Dehesa Soil Data

A large number of collections of available published data from different soil surveys of Spanish dehesa
systems were consulted. Finally, we selected information on 110 dehesa stands previously published in
three main soil databases: 55 geopoints were extracted from Pulido-Fernadndez et al. (2015); 26
geopoints belonging to the soil database generated in the framework of the ICP-Forest Programme
(International Cooperation Programmes) and published by Moreno and Lépez-Arias (1997); 30
geopoints belonging to the soil database generated in the framework of the Red CARBOSOL Project and
published by Llorente et al. (2018). The point selection criteria in the literature were 1) georeferenced
profiles of at least 30 cm depth (separated in 0-5, 5-10 and 10-30 cm); 2) description of soils’ physico-
chemical characteristics (bulk density, pH, soil texture fractions, N, CEC, K, Mg, Ca); 3) sampling date at
least 10 years prior to our sampling year (2018). The sampling points were well distributed throughout
the Iberian dehesa region (Fig. 1) and ranged from 1959 to 2006.

Figure 1. Soil sampling points distribution

Mediterranean
Nemaral-Mediterranean

Dehesa distribution in Spain:

Soil Sampling and Analysis

The soil sampling methodology was followed according to the ICP Forests Manual (Cools & De Vos,
2016). Quadrupled samples of soil, till 30 cm depth, were extracted in each selected geopoint.
Separated subsamples of 0-5, 5-10 and 10-30 cm depth were dried, sieved (< 2mm) and stored in plastic
bags. Milled samples were analyzed for C and N by a LECO C.N.H.S. Elemental Analyzer (Model CHNS-
932, LECO Corporation, St Joseph, Michigan, USA).

Soil Carbon Stocks and Their Change Rates Calculation
SOC stock (SOCstock) per unit area (Ton of C -ha!) was estimated according to Eq. 1:
SOCstock=SOC* BD * T (1)
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Where SOC is the C concentration in the soil sample, BD is bulk density (g cm=) and T is layer thickness
(30 cm, according to EU directive).

The SOCstock change rate (ASOCsick) per unit area and time (Ton of C -hatyear?), equivalent to the C
sequestration rate, was estimated according to Eq. 2:

ASOCstock = (Socstock_tz -S0C stock_tl) / (tZ - tl) (2)

Where SOCqock is the SOC stock per unit, t; is the year of first sampling and t; is the year of second
sampling.

Forest Inventory Data Management

We selected information from the Second Spanish Forest Inventory (IFN2) and Third Spanish Forest
Inventory (IFN3) from Extremadura, Andalucia, Castilla la Mancha and Castilla Ledn regions. IFN2 was
conducted for those regions between 1990 and 1996, while IFN3 was conducted between 2000 and
2008. In this study, we selected 3,823 dehesa plots following the criteria: a) points that were sampled
in both IFN2 and IFN3; b) main tree species (>50%) represented by Quercus sp. or Olea europaea; c)
forest density of below 80 trees-ha. Criteria b) and c) were established following the definition of
dehesa systems of Pulido and Picardo (2010). IFNs comparison and management was done using Basifor
2.0 software (Bravo et al., 2001).

In both surveys, forest plots were divided into four nested circular subplots (with a radius of 5, 10, 15
and 25 m); and trees were recorded only if their diameter was larger than a certain threshold (7.5, 12.5,
22.5 and 42.5, respectively). Species identity, height and diameter at breast height (d.b.h.) of living and
standing dead trees were available for both surveys. On a circular plot with a 5 m radius, the number of
saplings per species (2.5 cm <d.b.h. < 7.5 cm) and their mean height was also recorded. Species identity,
canopy cover and mean height of woody understory vegetation was sampled within the 10-m radius
plot.

Tree Biomass Carbon Stocks and Their Change Rate Calculation

Structural measurements of IFN2 and IFN3 for all 3,823 selected plots were converted to biomass
carbon densities by using allometric equations. IPCC (2006) guide equations for above and belowground
tree biomass was used, however specific Biomass Expansion Factor (BEF), Root-to-Shoot Ratio (R), and
Carbon Fraction (CF) for each species were used when available in the Montero et al. (2005) database.

Tree biomass stock (including above and belowground) per unit of area (Ton of dry matter -ha) was
estimated according to Eq. 3:

Bha = VOB*BEF*(1+R) (3)

Where VOB is volume over bark (m® ha), BEF is the biomass expansion factor and R is the ratio of
aboveground oven-dry biomass of tree to belowground oven-dry biomass.

C biomass stock (including above and belowground) per unit of area (Ton of C -ha?) was estimated
according to Eq. 4:
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CB = Bha*CF (4)

Where CF is the specific C fraction for each species.

The CB change rate (ACB) per unit area and time (Ton of C -ha*-year?), equivalent to the C sequestration
rate, was estimated according to Eq. 5:

ACB = (CBy2 - CB) / (t2 — ta) (5)

Where CB is the C biomass stock per unit area, t1 is the year reported in IFN2 and t; is the year reported
in IFN3.

Statistical Analysis

Analysis of variance (ANOVA) was used to compare variables. In case of significant F-statistics (p>0.05),
differences between means were tested with the Tukey procedure for multiple comparisons. Data were
tested for normality and homoscedasticity with the Kolmogorov-Smirnov and Levene’s statistics
respectively. The statistical analyses were carried out using R software (R Core Team, 2017).

RESULTS AND DISCUSSION
Soil C Stocks and Soil C Sequestration Rate of Iberian Dehesa Systems

Most soil samples corresponded with Haplic Cambisols (96%) and several others to Haplic Luvisols. The
main physical and chemical properties of soils sampled throughout the dehesa ecosystem are displayed
in Table 1.

Table 1. Characteristics of Dehesa Soils in Spain.

Soil property Mean = sd Max Min
Clay (%) 11.8+7.7 30.0 2.6
Bulk Density. (g-cm) 1.45+0.15 1.74 1.08
pH (aq) 5.61+0.77 7.84 421
CEC (cmol-kg?) 10.1+5.9 245 36
Ca (ppm) 1011 +514 2400 220
Mg (ppm) 255 +162 1305 37
K (ppm) 125+ 123 821 22
Na (ppm) 70+ 32 276 23
N (g-kg?) 1.52+1.08 6.30 0.40

Data refer to mean and standard deviation (sd) values of the 110 soil samples.
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C sequestration can be defined as the uptake of C-containing substances and, in particular, CO, into
another reservoir with a longer residence time (IPCC, 2007). Ideally, SOC sequestration should be
reported as rates (in mass SOC per unit of area and time). However, SOC sequestration data are mostly
reported as pools or stocks. We know that some SOC in agroforestry systems may persist for millennia,
indicating that terrestrial sequestration for climate change mitigation occurs particularly by avoiding net
SOC losses and the slowly ongoing accumulation of the slowest SOC pool (Mbow et al., 2014; Schmidt
et al., 2011). In our study we found that the dehesa system ad an annual growth rate of soil C stock of
around 11%e., greatly above the proposed ‘4 per mille Soils for Food Security and Climate’ of the Lima-
Paris Action Agenda. The aim of using dehesa systems for climate change mitigation purposes should
be to reduce SOC losses and enhance SOC stabilization. It should be mentioned that in the past few
decades, the degradation of the dehesa system by land use change, lack of tree regeneration and
disease (particularly, the root caused by the pathogen Phytophthora cinnamomi) has threatened to
undermine the potential secondary environmental benefits provided by these systems. Agroforestry
systems have higher C stocks in aboveground biomass as compared with treeless pastures, or natural
grasslands (Nair et al., 2014), and there is also evidence that C storage in deep soil horizons is greater in
a number of AF systems (Lorenz and Lal, 2014). Therefore, the Kyoto Protocol recognized AF systems as
a strategy for soil carbon sequestration (IPCC, 2006).

The current mean stock of C in soils (0-30 cm depth) of the Iberian dehesa is 72.0 Ton of C -ha™ with
great variability between sites, ranging from 25.3 to 149.9 Ton of C -ha™. For the same soil profile depth,
we found a SOC concentration average growth rate of 0.20 g C-kgt-year? (ranging from -0.62 to 1.61 g
Ckgtyear?), corresponding to a SOC sequestration rate average of 0.83 Ton of C-hat-year? (ranging
from -2.51 to 5.57 Ton of C-ha-year?). In addition, we found, for an average interval of 22 years, that
the mean content of soil C increased from 1.35 to 1.66%, which translates into a mean accumulation in
the uppermost 30 cm of the soil equivalent to 0.83 Ton-ha'-year™. The same change patterns were
found for the 0 to 5 cm soil profile interval as is shown in Table 2, although more intensity of C
sequestration for that depth interval was estimated, with a SOC concentration average growth rate of
0.28 g C-kg't-year! (ranging from -1.00 to 2.70 g C-kg*-year™).

Table 2. Soil C Density, Stocks and Sequestration Rate.

Soil property X1 (mean % sd) X2 (mean + sd) X2 -Xe1 (Xe2 -Xea) /(t2-t2)
Year 1996 £13.0 2018 £ 0.0 22.11+£13.0 1.00+£0.0

%0C (0-5 cm) 1.51+0.81 1.83+1.19 0.31+0.95 0.02 £0.05
%0C (0-30 cm) 1.35+0.57 1.66 £0.63 0.31+0.61 0.02£0.04
SOCstock (0-5 cm) 13.43+6.12 15.67 £ 8.00 2.24+£7.56 0.15+0.44
SOCstock (0-30 cm) 58.70 £ 25.21 72.02 £26.55 13.32+£26.19 0.83+1.55

Data refer to mean and standard deviation (sd) values of the 110 soil samples. SOCqock €Xpressed in Ton
of C-ha*and t, in years.

Csequestration in soils varies widely depending on the agroforestry system, but, given the same climatic
and edaphological conditions, usually agroforestry systems have more C sequestration capacity than
tree plantations or crops (Nair et al., 2009). Studies on SOC sequestration rates in AF systems report
rates from -0.39 Ton C-hal-year for cacao+canopy trees in agroforestry in Ghana (Isaac et al., 2005) to
4.16 C-hal-year?, as reported by Beer et al (1990) for cacao+Erythrina poeppigiana, in Costa Rica’s
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agroforest system. Oelbermann et al. (2006) indicated that although tropical agroforestry systems may
have higher SOC sequestration rates, temperate systems may be more effective in soil stabilization
because of the residue C inputs from tree prunings, litterfall, and crop residues. Native soil C levels
reflect the balance of C inputs and C losses under native conditions, but do not necessarily represent an
upper limit in soil C stocks. Empirical evidence demonstrates that C levels in intensively managed
agricultural and pastoral ecosystems can exceed those under native conditions. Greater soil C stocks
directly underneath the tree canopy suggest that maintaining or increasing tree cover, may increase
long term storage of soil Cin dehesa silvopastoral systems. The processes contributing to sequestration
rates and the stabilization of SOC in agroforestry soils need additional data and research.

Soil C Saturation Level and C Sequestration Potential.

Most current models of SOM dynamics assume first-order kinetics for the decomposition of various
conceptual pools of organic matter, which means that equilibrium C stocks are linearly proportional to
C inputs (Paustian et al., 2007). These models predict that soil C stocks can, in theory, be increased
without limit, without the assumptions of soil C saturation. However, especially for soils with low to
moderate C levels (e.g. <5%), there is evidence of a carbon saturation level (Solberg et al., 1997). There
are several lines of evidence that suggest the existence of a C saturation level based on physicochemical
processes that stabilize or protect organic compounds in soils. The soil C saturation concept suggests
that with increasing C inputs, the SOC stock will reach a maximum, and the SOC accumulation rate will
decrease during this process (Six et al., 2002). The difference between the saturated organic C content
in the fine fractions and the actual measured organic C content of these fractions is referred to as the
stable soil C saturation deficit (Six et al., 2002). This soil C saturation deficit affects the ability of soils to
store C inputs in a stable form and indicates the potential of a soil for sequestering C. Nevertheless, C
may accumulate beyond the hypothetical soil C saturation threshold. Plants producing low-quality FOC
(fresh organic carbon) can promote soil C sequestration beyond the hypothetical saturation threshold.
The saturation concept is only applicable to SOC stabilized by microbial activity, while the particulate-
recalcitrant C would continue to increase beyond the saturation level (Castellano, 2015).

In accordance with the soil C saturation concept, we found a significant decrease (Slope= -0.022; R?=
0.292; p <0.001) in the SOC change rate related to the initial SOC concentration (Fig 2), which indicates
greater sequestration rates in originally poorer soils. Fitting a model following this SOC saturation
concept allowed for an estimation of the average soil C storage potential of around 2.8%, way above
the current 1.7% mean content. We found a theoretical SOC storage capability of around 1.1%, which
differed greatly to the current average content, indicating a great future potential for storing Cin dehesa
soils.
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A total of 3,823 plots were selected from both IFNs. Quercus ilex was the dominant tree species in the
majority of the dehesa plots (88.6%), followed by Quercus suber (5.4%) and Quercus pyrenaica (4.9%).
We rarely found dehesa systems dominated by Quercus faginea or Olea europaea. Average tree

structure characteristics of both IFNs and their comparison are shown in Table 3.

The current mean C stock in tree biomass of dehesa systems is 8.05 Ton of C -ha™, with great variability
between sites, ranging from 1.13 to 30.82 Ton of C -ha™. The mean C sequestration rate of trees in
dehesa systems amounted to 0.078 + 0.19 Ton of C-ha*-year?, with this rate of change ranging from -
3.03 and 1.30 Ton of C-hat-year™. As is shown in Figure 3, increases in tree biomass C stocks tended to

be greater in those plots with lower biomass C stocks at IFN2.

Table 3. Iberian Dehesa Tree Biomass Characteristics

IFN2 IFN3 AIFN3-IFN2
Year 1991+1.7 2002 +1.9 10.84+0.6
Tree number (indiv-ha™) 35.1+18.7 353+18.7 0.11+10.0
d.b.h. (cm) 45+24 49+25 0.38+1.0
Total Height (cm) 6.5+1.5 75116 059+1.1
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VOB (m3ha?) 8.96+5.19 10.02 £5.59 1.06+2.67
Tree biomass stock* (Ton-ha™) 15.15+8.81 16.96 +9.46 1.80+4.47
C biomass (Ton of C-ha™) 7.19+4.18 8.05 +4.49 0.86+2.12

*Tree biomass stock is expressed as oven dry matter

log(CBha_IFN3)

: ; ;

e
log(CBha_IFN2)

Figure.3. Biomass tree Carbon comparison IFN2 vs. IFN3. Logarithmic
transformation of variables is represented.

C sequestration occurs in trees in dehesa systems, both in belowground biomass (i.e., branch, foliage or
stem) and aboveground biomass (i.e. roots, and rhizosphere). Aboveground, the tree root-derived C
inputs are a great source for the SOC pool in deeper horizons (Kell, 2012). In parallel, tree roots have
the potential to recover nutrients from below the crop rooting zone, resulting in an enhancement of
tree and crop growth by subsequent increase in nitrogen nutrition, which may result in an increase in
SOC sequestration (Van Noordwijk et al., 1996). Belowground, trees modify the quality and quantity of
litter C inputs and modify microclimatic conditions such as soil moisture and temperature regimes
(Laganiére et al., 2010).

Comparing tree biomass C stocks in each plot, grouping data by dominant tree species, we found
significant differences between the groups (F-value= 8.280, p<0.001). A Tukey post-hoc test indicated
that those plots dominated by Q.ilex and Q.suber had significantly greater biomass C stocks than those
dominated by Q.pyrenaica (p<0.001). Significant differences (p<0.01) were also found between plots
dominated by Q.ilex and those dominated by Q.suber with a greater average C stock for Q.suber systems
(Fig 4.). The comparison of biomass C sequestration rates, grouping by dominant tree species, also
shows differences by group (F-value= 5.231, p<0.001). A Tukey post-hoc test revealed the same data
behaviour as for C biomass stocks, with significantly greater C stock sequestration rates for dehesas
dominated by Q.ilex and Q.suber than those dominated by Q.pyrenaica, and higher rates for dehesas
dominated by Q.suber than those dominated by Q.ilex (Fig 4.).

It has been argued that old forests are unimportant in addressing the climate change problem because
carbon offset investments focus on planting young trees, as their rapid growth provides a higher sink
capacity than old trees. Recent research findings have demonstrated that old-growth forests are likely
to function as carbon sinks (Luyssaert et al., 2008). The considerable length of time it takes new
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plantings to sequester and store the amount of carbon equivalent to that stored in mature forests
counters the argument regarding the rapid growth of young trees. In that sense, it is useful to distinguish
between the carbon carrying capacity of an ecosystem and its current carbon stock. Carbon carrying
capacity is the mass of carbon able to be stored in a tree-dominated ecosystem under prevailing
environmental conditions. It is a landscape-wide metric that provides a baseline against which current
carbon can be compared. The difference between carbon carrying capacity and current carbon stock
allows an estimate of the carbon sequestration potential of an ecosystem.

Biormass C stock
Biomass C Stock change

—
-5

ilex Q suber Olea X b -
Q. pyrenaica Q faginea Qi aginea Q ilex Q suber ea
Py europea Q. pyrenaica Q fog europea

Figure.4. Boxplot of the tree biomass C stock (Ton of C-ha!) and tree biomass C sequestration
rate (Ton of C -ha'-year?) represented by dominant tree species in the dehesa plot.

Towards Neutral Carbon Farming Systems

There is a potential to sequester C in soil and tree biomass by conservation and good management
practices of dehesa systems. The livestock sector, globally, represents 12% of all human GHG emissions
(Havlik et al., 2014). However, it is important to distinguish livestock farming systems when we are trying
to assess animal production’s climate responsibility. Pastoral systems are closely linked to the
conservation of dehesa systems and grasslands, and soil CO, sequestration in grasslands has a great
mitigation potential (Crosson et al., 2011). We argue that pastoral-based production systems come close
to representing a carbon-neutral emissions production method.

Specifically, our study on GHG sink and source balance in dehesa systems indicates that extensive
livestock systems linked to dehesa system conservation comes close to being zero-emission production.
The C sequestration capacity of dehesa soils was estimated at 0.827 Ton of C-ha™-year? (0-30 cm), while
the C sequestration in the trees amounts to an equivalent of 0.078 Ton of C-ha*year™. In summary,
soils and tree biomass together add up to an average sink of 0.905 Ton of C-hatyear®. This C
sequestration rate would offset most of the emissions of GHG estimated for the extensive livestock
farming systems produced in the dehesa. Eldesouky et al. (2018) have estimated emissions of 1.066 Ton
of C-hat-year™ for extensive beef farms and of 1.319 Ton of C-ha-year? for the extensive meat sheep
farms, including on- and off-farm emissions. Taking into account that the 3™ quartile of soil C and tree
biomass C sequestration rates estimated in our study were 1.461 Ton of C-ha™*-year® and 0.161 Ton of
C-hal-year?, respectively, we can suppose that an improvement in the management of the soil and
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vegetation of dehesa systems could increase the current C sequestration rate of farms located within
these systems.

From here we can conclude that, currently, C sequestration in soil and trees of the Iberian dehesa offsets
most of the GHG emissions associated to extensive livestock production systems, and even has the
potential to sequestrate more C than these systems emit, making it a net sink GHG food production
system. These results provide clear indications of the possibilities for climate change mitigation and
even opportunities for economic benefit through carbon trading. Therefore, managing carbon flows in
agroforestry ecosystems more efficiently is central to limiting climate change. It is important to note
that processes contributing to sequestration rates and the stabilization of SOC in agroforestry soils need
additional data and research.
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HORTICULTURAL AGROFORESTRY: THE CHALLENGE OF DIVERSIFICATION SERVICES
Tchamitchian, Marc, Alfonzo-Lépez, Dayaleth, Raphaél Paut, Rodolphe Sabatier, Romain Roche

INRA, ECODEVELOPPEMENT, France

Abstract: Agriculture specialization and intensification has led to a biodiversity loss in while this
biodiversity fulfils several services in agroecosystems, among which natural regulations and pest
control. Cropping system diversification is a promising answer to these challenges, in the frame of
agroecological transitions of agriculture. In this context, agroforestry combines diversification with
other potential services, densification of the production, synergies between crops, enhancing natural
regulations, and seems a very promising opportunity. Following this line, horticultural agroforestry,
mixing fruit trees and vegetable crops on the same plot is gaining momentum as a strategy to address
both the consumer demand and these ecological goals. These systems embed a high biological diversity,
through the association of several crops at the same on time on the same plot, and through the large
number of crops in rotation along time.

However, recent works points out that some of those services are not so favorable as hypothesized. For
example, a positive link between the increase of the number of crops and the number of different
enemies has been shown, with consequences on the damages to the crops, also increasing with the
number of different crops. On the contrary, production variability has been shown to decrease while
diversification increases, at the expanse of the total productivity, unless synergies between crops are
exploited (associating crops with Land Equivalent Ratios larger than one). It appears therefore that the
diversification has contrasted effects, making the evaluation of its benefits a real challenge.

In this presentation we will propose a framework to guide the evaluation of the balance between these
different services, in relation to the structure and the composition of the horticultural agroforestry
system at hand. This framework would therefore allow to support the design of such systems, in terms
of complexity and in terms of organization.
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RETRO-INNOVATION AS A TOOL TO ADDRESS KEY ENVIRONMENTAL CHALLENGES — THE CASE OF ACORN
CONSUMPTION IN PORTUGAL
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Abstract:

There has been a growing interest in using old products which have represented important resources
in the past but the growing urbanization of lifestyles has led to oblivion. Although these products and
linked practices are far from the current market economy that make intensive use of energy and other
inputs, they can represent a contribution to deal with the major environmental and social challenges
we face today. Acorns represent an important production of Portuguese forest. Although being
nowadays used mainly as livestock feed, acorns were used directly as part of the human diet for
centuries. Its consumption decreased due to the progressive improvement in living conditions of the
rural population and the influence of the urban culture in the countryside. In recent years, the use of
acorns has been re-introduced as niche activities, by some agri-food companies, interested in
diversifying the sources of income. The number of companies exploring the acorn as well as the number
of acorn-based products were also been growing, initially more inspired by recipes used in the past and,
more recently, with a higher degree of technology incorporation. We propose to explore these retro-
innovations as a way to contribute to maintain acorns producing systems, without compromising them,
and we will dwell on its potential as a tool to responding to present and future challenges related with
climatic change, the need for decarbonising the economy, to overcome the nutritional impoverishment
of our menus and to explore new ways of managing resources.

1. Introduction:

In Portugal acorns can come from two main systems, the deciduous oaks forests distributed roughly in
the north of the country and managed as silvo-pastoral systems with extensive grazing or denser
forested areas exploited for timber (Acdcio et. Al. 2017) and the Montados, a silvo-pastoral system
which spreads mainly in the south. In the northern oak forests, the main oaks species found are Quercus
robur, Quercus faginea and Quercus pyrenaica (ICNF, 2016). In the southern Montados, the acorns are
produced mainly by Quercus rotundifolia (holm oak) and Quercus suber (cork oak) (Bingre et al., 2007;
Acdcio et al., 2017). In the northern oaks’ forests, goats can use several resources as shrubs and trees
leaves and branches (Castro et al., 2017). In the Montado system tree canopy coexists with natural
pastures and some shrubs with the main intent of cattle production (Pinto-Correia et al., 2011; Sa Sousa,
2014). In Montado livestock rearing is the major source of income in areas where holm oaks dominate
(areas with higher continentality index) and cork income dominates in cork oak areas (areas with greater
Atlantic influence). Both northern oaks forests and Montados are generally recognised as sustainable
systems (Pinto-Correia et al., 2011; Mosquera-Losada, 2012; Castro et al. 2009) being, the first, a 2000
Natura Site “Carvalhais Galaico-portugueses de Quercus robur e Quercus pyrenaica — N2 9230” from
Habitats Directive (Council Directive 92/43/EEC of 21 May 1992), and the later recognised as high
natural value systems at a European level (Almeida et al.,, 2013; Pinto-Correia et al., 2018). These
systems also provide a wide range of ecosystem services and public goods (Bugalho et al., 2009; Gomez-
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Sal, 2000; Castro et al. 2009), which are of critical importance to well-being (Surova et al., 2018) besides
representing landscapes with strong identitarian features.

However, these systems are threatened by several factors as overgrazing (Sales-Baptista et al. 2015;
Plieninger 2007; Pulido and Diaz 2005; Godinho et al. 2016), fires (Guiomar et al., 2015), drought
(Camilo-Alves et al., 2017; Acécio et al., 2017), plant pathogens (Camilo-Alves et al., 2013), insect pests
(Tiberi et al., 2016, Branco et al., 2014) and habitat fragmentation (Nieto Quintano at al., 2016),
aggravated by climate change that has higher impact on the Mediterranean region, enhancing all these
threats to oak systems (IPCC 2014).

Holm oak acorns are generally more edible than acorns coming from the other oak species, but this
varies widely with the holm oak trees that have a large genetic diversity and local variability (Mason
1995) in the characteristics of the acorn they produce. This is a species mechanism to prevent pests like
Curculio elephas Gyll. (Coleoptera; Curculionidae) and Cydia spp (Lepidoptera, Tortricidae) (Gea-
Izquierdo et al. 2006, Branco et al. 2014).

Thus, acorns may have a higher or lower tannin content, which gives it a bitter taste, but also antioxidant
characteristics and lower digestibility, and may have a higher or lower sugar content. In order to increase
the sugar content, it is advantageous to wait for the full maturation of the fruit, which occurs between
November and December (Ferraz de Oliveira et al., 2012). To reduce the tannin content there are
several techniques like leaching in cold water for several days, cooking or dehydrating them, or the
easiest one that is to choose trees that already have acorns with less tannins since they keep this
characteristic from one year to the next (Fonseca & Themudo-Barata, 2018).

Human consumption of acorns is a very old practice recorded through archaeological findings all over
the world oak distribution area (Bainbridge, 1985). In Portugal, we have records of this consumption
since the Bronze Age (Mattoso, 1993) and throughout the different periods of history (Alarcdo-e-Silva,
2001; Amorim, 1987; Branco et al. 2003; Fonseca, 2004) until more recent times (Ferrdo & Ferrdo, 1988;
Fonseca & Themudo-Barata, 2018).

Having reached the twentieth century, with the gradual improvement of populations living conditions,
only moments of crisis, linked to periods of food shortage, allowed the maintenance of this habit of
acorn consumption.

The period that coincided with the Spanish Civil War (1936-39) and the Second World War (1939-45)
was one of crisis and famine, subjecting much of the country, namely the Alentejo, to conditions of
extreme difficulty that hit with especial severity the classes of rural workers. Situations of low-income
families with large offspring and nothing to eat are yet nowadays described, so each one did what he
could, and this often involved robbing richer families’ productions and consuming wild products, even
when this meant its collection on other people's land (Fonseca & Themudo-Barata, 2018).

It is still possible to know the uses that have been made of acorns during this most difficult period.
Acorns were collected in the surrounding territory of its collectors. As they are not the result of
deliberate and intensive agricultural production, they have a higher nutritional value compared to
nutrient intensive and extractive agricultural production. This is one of the reasons why this product
maintained its nutritional value similarly to other products that were collected in the wild during this
crisis period. Acorns are rich in carbohydrates, antioxidants, oleic and linoleic acids, clearly contributing
to the maintenance of the health of all who consume them (Silva et al, 2016; Ferraz de Oliveira, 2012;
Akcan et al. 2017).

During this period, collection, preservation and confection techniques were developed to make better
use of this food and improve its characteristics and digestibility (Fonseca & Themudo-Barata, 2018).
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After the Portuguese Revolution of 1974, improved living conditions led to an almost complete
abandonment of this product for human consumption, which was reduced to very sporadic
consumption and almost only two recipes — boiling them in water or roasting them near the fireplace
embers.

Meanwhile, different environmental and social challenges, resulting from a resource exploitation model
that has pushed human and natural systems to the limit, raised the need to rethink our strategies for
resource exploitation and management, including resources needed for food production (FAO, 2017;
De Schutter, 2010; IAASTD, 2009). Among these challenges, especially related to food and food
production, we highlight climatic change, which has higher impact in the Mediterranean, causing more
diseases and lower water availability, as well as lower availability of fossil fuels and other non-renewable
raw materials or the growing social inequalities, reflected in the access to adequate food (IPES-Food,
2017; HLPE, 2017).

In this context, Portuguese government alongside other countries, created a set of planning tools as the
Carbon Neutrality Roadmap 2050 (RNC), the National Energy and Climate Plan 2030 (PNEC) and a
National Strategy for Adaptation to Climate Change (ENAAC). The ENAAC points out Agriculture,
Forestry and Fisheries as one of the 9 key sectors where more can be done to avoid more emissions and
to retain more carbon in the soil. According APA (2017) inventory about greenhouse gases in Portugal
agriculture is responsible by about 10% of these emissions. The PNEC points out, as action plan,
investing on renewable energy and on higher efficiency on its use, but this strategy has limitations and
cannot be considered alone to overcome the current climate challenge.

At the same time an estimated amount of 1,3 thousand million tonnes of food suitable for human
consumption is lost or wasted worldwide, annually (FAO, 2011). The estimation of the food wastage
footprint carried out by FAO (2014) concluded that the costs of this food wastage correspond, annually,
to 2,24 billion euros, plus 340 thousand million euros of costs to compensate damages due to the
emission 3,5 gigatons of Carbon Dioxide and other gases contributing to climate change, beside costs
linked to water reduction and reduced population health due to the exposure to pesticides. (FAO, 2014).
In this context it is of major importance a more efficient use of the food produced, its fair distribution
among population, besides a change in consumption habits through more sustainable patterns and the
introduction of other alternative food sources including non-conventional edible plants (Pires, 2018).

Consumers also reflect these concerns about environmental and social challenges (Schmidt et al. 2016)
leading to a resurgence of the interest in the rural, authentic and ecological consumption (Surova et al.,
2014; Warrington, 2008, Tobler et al. 2011). In this sense, the consumption of products made with
acorns represent thus, for their consumers, both a rescue of traditions and a support to systems
recognized as sustainably managed. For producers it represents a new source of income from systems
with which they often maintain a relationship that alternates between the drive of sustainable
exploitation and the need to survive in a global market economy (Pinto-Correia & Azeda, 2017).

In this way, this renewed acorn consumption can represent both the emergence of sustainable
production chains in response to consumers expectations about more ecological and socially
responsible products, or an appropriation of these expectations by intensive and unsustainable
production methods where the pursuit for profit outweighs the maintenance of more sustainable
production systems.

In this article we will develop the concept of retro-innovation, describing some of its features and we
will make use of acorn consumption in Portugal, in the past and in the present, to illustrate how we can
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use this concept in order to conceive environmental and social sustainable productive systems that
respond to present and future challenges.

Theoretical framework

Retro-innovation is a concept that appeared associated with Marketing (Brown, 1999; Castellano et al.,
2013; Loucanova, 2013, 2015; Amsden et al.; 2012; Chunduri, 2013; Frei, 2008; Leberecht, 2013)
describing the creation of products that meet the need of consumers to use objects or live experiences
from the past. The consumption of retro-innovation products is described as a consumers’ search for
reconnection to “something essential that appears to be missing from our modern lives” (Zack Sultan
Blog, 2013), through heritage, tradition, nostalgia or revival (Castellano et al. 2016). Chunduri (2013)
divides retro-innovations into three categories: the ones that authentically mimic a product or
experience of the past to transport the user back into a gone era; that use a nostalgic format to meet a
new need; or that use a new format to meet an old need. The underlying goal of these authors is to find
new ways to promote economic growth or to understand why not always more technology leads to
more sales. Bravo (2019) uses the concept of retro-innovation as a way of food companies seek for
guality and healthiness in the innovation for sustainability framework. Stuiver (2006) highlight the
potential of retro-innovation or “the retro side of innovation” to develop viable alternatives for rural
development using a Strategic Niche Management approach. This author describes retro-innovation as
“developing knowledge and expertise that combines elements and practices from the past (from below
modernization) and the present and configures these elements for new and future purposes”. She
highlighting its role as an alternative to current development regimes focused on achieving more
productivity, efficiency, and export-oriented agriculture in an increasingly globalized and liberalized
world, which requires farms of increasing size, specialization and intensification levels. Stuiver also
draws attention to the role of research as facilitator of retro-innovation by producers.

In this paper we propose that retro-innovation can be considered as a way of adapting consumption
habits towards better resources’ allocation, expected to be scarce in the future, such as fossil fuels,
water or non-renewable raw materials as well as to a more equal distribution among its potential users.
Retro-innovation can thus contribute to a low carbon economy, in order to deal with Climatic Change
and the growing social inequalities.

This proposal is based on the fact that products and techniques developed in certain periods of our
history result from resource-constrained environments, as the ones created before the wide use of
fossil-fuels, the easy access to non-renewable inputs, the vulgarization of irrigation systems and the
widespread dissemination of a market economy. These resource-constrained innovations can refer not
only to tools or technical devices, but also to production processes, resources used (Fonseca & Themudo
2018) or even to governance practices linked to the use of these resources (Antunes 2015; Dias 1983,
1984). They were, as described by Pisoni (Pisoni et al. 2018) frugal innovations, that can be adapted
nowadays to more sustainable practices and consumption.

The European Union has proposed in its Policy Brief (2014) on research and innovation to address major
global challenges, that frugal innovation should also be considered in more advanced economies, in
addition to the traditional focus on less developed economies.

Retro-innovation has, in this sense, the following characteristics:

e Use, as basis for innovation, the ancient knowledge about products use, processes as well about
their distribution among their potential users, developed before the widespread availability of
fossils fuels and the ensuing dominant modernization project;
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e Usually it is still possible to find a body of knowledge about tools, processes and management
practices, linked to resources use;

e [tisterritorialised in the sense that linked to the territories were the previous technologies were
developed, namely cultural and biophysical characteristics;

e |t can be implemented in developing but also developed economies, once ancient knowledge
does not obey to the current distributions of wealth according to which we distinguish developed
from underdeveloped countries;

e Because it is based on traditional practices and local resources it has a high potential for
acceptance by both local users and visitors, contributing to the reinforcement of the identity of
each region;

e |t was developed by local population, without scientific and inaccessible knowledge for its design,
resulting in appropriate technology instead of high tech, thus being capable of re-appropriation
by a wider range of users;

e Oncethe ancient knowledge was often consolidated in periods of scarcity of resources, it has the
potential to offer products and processes that make low use of non-renewable energy and raw
material and to developing deficit watering systems.

2. Methods:

To illustrate the potential contribution of retro-innovation to deal with the global challenges we face,
we focus on acorn use in Portugal throughout history.

Our approach to acorn consumption was dived in two main periods (Table 1): A - in the twentieth
century and B - in the twenty-first century until nowadays. Data collection followed different procedures
according to the period studied. For period A a literature review was conducted as well as semi-
structured interview (Annex A) to 20 respondents of an intentional sample, usually but not always, users
of retirement homes, of Montemor-o-Novo and Evora municipalities from Alentejo region, besides a
key informant, part of one of these retirement homes. These interviews were recorded, transcribed and
numbered. Respondents were asked to name of the wild products they consumed, excluding medicinal
and aromatic plants and cultivated products. This information was supplemented with some
bibliography that addresses the same period and the same region. For period B, on the actual use of
acorn as food for humans, a questionnaire (Annex B) was made to the main companies identified as
processing acorns today. From the eight companies identified only seven managed to get the data
requested. These companies where identified with a number to maintain anonymity. For the later, the
guestionnaire was replaced by an interview that allowed a more detailed description of the current
situation regarding the acorn row in Portugal.

Table 1 —Approaches according each period studied.

Period A Period B
Corresponding | in the twentieth century in the twenty-first century until
period nowadays
Methods e literature review, e (Questionnaires to eight companies
o 21 semi-structured processing acorns (Annex B)
interviews (Annex A)
References Fonseca & Themudo 2018

Data collected for period A comprised other products besides acorns and were divided by collection,
storage and confection methods, besides the confection of animal feed. Living conditions and political
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conjuncture were also described in order to understand the reasons underlying the consumption of wild
food products in this period. The questionnaires used to evaluate the recent evolution of new
companies based on acorn processing (Period B) were sent by e-mail, after a contact by phone or
personally. One of these companies did not answered by lack of data, but a later contact by phone
allowed to add enriching aspects to data obtained from the questionnaires.

3. Results:
3.1 Acorn use in the twentieth century

From the interviews we realize that people in Alentejo used to distinguish several varieties of holm oak
acorns: the long and short bical, the normal acorn and the castanhola®. However, although castanholas
are the most appreciated, they are also relatively rare and, according to Salgueiro, are sparsely
distributed among the other varieties of holm oaks.

Acorns quality remains constant from one year to the other, so shepherds and country people were
aware of the oaks that gave good acorns. Another strategy was to taste the acorns of a tree: if some
were of good quality, all others would be too, according Salgueiro (2005): “We always tasted the acorns
before we caught them.” Or as one woman describes in Fonseca (2007): “I ran ahead of the pigs that
were grazing around the school to steal their sweet acorns from the ground, which served as bread
coverage.”

Salgueiro (2005) describes: “My mother used to send me with my sister to fetch them and each one
brought a basket full of them. By the end of the day, there was a huge amount at home, enough for
several days. We got them because the guards didn't care about the kids. If my mother or father
would catch them, the guard would report to the authorities immediately.”

But not all Montado owners had this position with regard to the poor who came to catch acorns on
their farms. Some lived better with this recollection, as it was the case of Herdade do Freixo do Meio
owner, Alfredo Maria da Praga Cunhal as described by Salgueiro (2017): “(...) In that estate of Freixo
there was a lot of acorn. (...) My uncle and my father were going to fill the bags at night. See, from
Gafanhdo®! to Freixo, by foot until Foros Vale de Figueira®?, the distance that it was. By foot, those
two souls were carrying bags full of acorns. (...) Those souls came with those bags full of acorns, they
came here, they went to sell to the Maia® area, to the farmers, to men who had pigs in sties, to gain
weight.”

These were the “boleteiros®” described by Silva Picdo (1903) as those men who, at the season of
acorns, invaded the others’ Montados collecting large amounts of acorn and then selling it as their
own. Silva Picdo also describes that these “boleteiros” would be unemployed rural workers or
Malteses™. This acorn would be used for its own food or for sale. This was an institutionalized

50 Castanhola comes from castanha, the Portuguese name to chestnut, because these acorns are the most
similar to chestnuts, both in shape and taste.

51 At 1 Km from Montemor-o-Novo

52 At 12 Km from Montemor-o-Novo

53 3 km from Montemor-o-Novo

54 Boleteiros from the Portuguese word for acorn — bolota. So, men that pick-up acorns.

55 People without fixed residence or employment who moved around the territory and lived on what they stole
or from small temporary activities.
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robbery, to which some owners closed their eyes, because they knew the situation of need to which
Alentejo workers were subjected (Cutileiro, 1977).

But as Madureira (2002) points out, this acorn gathering activity was also part of the temporary
farming activities carried out mainly by women and young people who were hired to catch acorns
that fell from the trees and were then bagged to be given to pigs during periods when they did not
exist in the Montados. Frequently these collected acorns were stored in anoxic water tanks in order
to lose tannins and to last longer. Examples of this are the large tanks belonging to the Praga family
in Montemor-o-Novo, which, although they no longer perform this function, still retain their original
structure.

Often the activities of keeping pigs and collecting acorns were connected, the first being carried out
by children at the beginning of their working life in agriculture, as Madureira (2002) points out. Later
these same pig keepers were “hired, as was the case in Palma, to pick-up acorns that fell from the
holm oaks to be bagged and kept to feed the pigs in the winter.”

Some of the interviewees (E1, E4) describe how women walked in groups picking acorns among
cereal crops that stretched beneath the holm oaks canopy. The acorns were later bagged and used
to feed the enclosed animals.

Often, they were consumed raw, but they were also, often cooked and baked among the ashes of
the hearth, as they were preferred. In both cases it was necessary to shred them so they wouldn't
explode in the fireplace or cook better in the pan. Salgueiro describes how they go well with lemon
bark, melissa, cinnamon or even with fennel and salt (E1).

There were techniques for storing acorns to serve as food for the rest of the year (E4). With this
purpose they were aveladas®®, that is, dried with the shell in dry places and turned frequently, in
order to avoid the humidity and the resulting mold. After a few weeks they withered, lost moisture,
but became sweeter and softer, losing some of the tannins they still had. They were then stored in
wooden chests and lasted the rest of the year, becoming tasty and keeping some moisture.
Guarantees who proved, (E4) that they were very good. Another technique, (E4) which further
ensured better preservation and flavour was to bake the acorns lightly, peel and smoke them in the
fireplace chimney, in baskets made of olive branches, for at least two weeks (E9).

In the municipality of Montemor-o-Novo some of the interviewees talk of cooking acorns with
sprouts (E2), acorns with honey (E4), acorn marmalade (E4), rice cooked with dehydrated acorns,
served by Easter (E4, E19), chickpea pastry made with acorns (E19), and other specialties whose
recipes, for lack of continuity, have been lost. As noted by Salgueiro (2005) “Still the roasted and
milled acorns make a good coffee, healthier than the other.”

Another use given to acorn was its transformation into oil and animal feed. The Evora processing
unit worked between 1967 and 1979 and transformed about 250 Ton of acorns per day during the
acorn campaign, according to its manager. Acorns were transformed into pure acorn or mixed oil for
human consumption, and acorn flour that was sold to another factory to mix with other products to
prepare animal feed. The rise in labor prices led to its end and the closure of the structures used in
this transformation.

56 From the portuguese word aveld - hazelnut, because they ended up with a taste similar to that of this fruit.
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3.2 The period of abandonment of acorn consumption

However, in the post-revolution period, the living conditions of rural populations improved. Acorn
consumption has been virtually abandoned, limited to a very sporadic consumption of roasted acorns.

The amount paid for labour has increased substantially, making some of the practices described above
unfeasible, such as hand picking of acorns from sown fields, to preserve them in anoxia in farm ponds
and feed animals later or hand picking of acorns from the fields, usually to sell to farm owners, or to sell
to the acorn oil factory.

3.3 The resurgence of acorn use

The support of Portuguese Innovation Agency to the introduction of a master in an organic farm in
Montemor-o-Novo, through a grant whose goal was developing acorn-based products, lead to the first
of these products in the market in 2008. From the seven companies interviewed, two started acorn
processing on 2014, two in 2016, and the latter two in 2017. Other small experiences, in a pre-
entrepreneurial phase, are distributed a little throughout the country, but whose activity is developed
irregularly and with very low incomes.

As a result of this increase in the number of companies, the development of new products and their
consolidation in the market, the overall use of acorns has increased from 50 kg in 2008 to 6730 kg, ten
years later. However, the pioneer in this transformation continues processing 74% of the acorn,
transformed by these companies, followed, with a great distance, by one of the newest companies that
processes 10% of all the acorns and another older one that processes 9%. The rising on acorn processing
was not uniform. A significant increase in the amount of acorn processed from 100% or below this value,
of annual growth in the first years to a sudden increase of 319% in 2015, corresponding essentially to
the growth in this transformation by the pioneer company 4, which alone is responsible for 500% of
acceleration of this activity in the same year. In the following years, the acorn processing activity
continued to increase, but more slowly.

Only companies 1, 3 and 7 sell their products to other European countries. While for company 1 this is
a growing strategy that started with 20%, to 30% and 35% in 2016, 2017 and 2018 respectively, and for
company 2 corresponds to 30% in the two last years, the later, company 7 exported 90% of its
productionin 2018. Even company 8 had a large order for the Netherlands, which at the time was unable
to answer because the lack of acorn flour.

Income providing from this processing also increased in the same order from 50 € to 16 770 € with
company 4 earning 38% of the total income with this activity in the group of companies, followed by
company 1, with 38% and company 2 that earned 32% of the income with acorn-based products. This
company 2 corresponds to a special case because it is quite new, starting its activity only on 2017 but
processing, already in this year the same quantity than company 4, the pioneer company, corresponding
to 4000 Kg. On 2018 company 2 processed 8000 Kg of acorns against the 4458 Kg processed by company
4,

With regard to the yield obtained with the acorn products, values range from 0.93 €/kg in company 4
to values of around 40 €/kg in company 5 or 13 €£/kg in company 7. These values correspond to different
selling strategies ranging from company 4 that invests clearly in the production and sale of acorns with
low processing levels (shelled acorn or acorn flour) to provide other companies and individuals for
further processing, to companies that sell high value-added products like acorn bonbons or acorn
buttercream.
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The products created by the eight companies are presented below in Table 1.

Fresh whole acorns

Frozen whole acorns

Peeled and dried holm oak acorns

Peeled holm oak acorn flour

Toasted flour for infusion

Toasted flour for coffee

Toasted flour for infusion, in single sachets
Acorn milk

Acorn buttercream

Acorn and carob buttercream

Acorn and lavender buttercream

Acorn and thyme buttercream

Organic acorn jam

Organic acorn and peppermint jam
Chocolate candies stuffed with acorn flour
Cookies with seven different flavours including one vegan, one without wheat and one
special for diabetics

17 | Bread with sweet and salty stuffing
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18 | Bread

19 | Cornbread
20 | Toasts

21 | Biscuits
22 | Salty pate
23 | Soup

24 | Hamburgers

25 | Acorn meatballs

26 | Acorn delights

27 | Acorn cream pastry

28 | Chocolate tablet with acorn
29 | Acorn cupcake

30 | Acorn sugar

31 | Yogurt

Some of these products are regularly sold while others constitute more punctual experiences. One of
such cases is acorn sugar, for which an enzyme must be used and is therefore, according the company
owner, a more sophisticated process and in need of efficiency improvements in the production process.

3.4 The demand for innovation

A global trend of these products has been the improvement of their characteristics. According to the
owner of company 8, acorn flour he uses has more constant and reliable characteristics, allowing the
establishment by this processor of a fixed recipe, without the need for constant adaptations. As he
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explained, this has to do with the dehydration process of acorns in the supplier company, company 4,
that is now slower but more uniform, allowing to obtain a fine and uniform flour.

As explained before, company 4 was the first one starting acorn processing. The owner explained that
in 2015 they decided to take acorn industry more seriously. Several methods have been tested then,
namely those already developed for olive harvesting, such as vibrators or sticks with motor. They also
tested acorn aspiration from the ground using vacuum cleaners and sweepers. Later on, they decide to
pay to pickers and actually, the modelis to pay, a little bit more, to two pickers by already chosen acorns,
without visible insect holes and separated between holm oak and cork oak acorns.

Shelling and conservation of flour and acorns also presented problems in need of solution. The first
solution was to freeze the acorns right after picking and send them to a chestnut processing factory in
the north of the country. Here acorns where subjected to a thermal shock, in addition to eliminating the
fruits affected by insects or already rotten using an optical eye. This process included the peeling of
acorns and totally eliminated the tannins. This latter characteristic proved to be negative as the tannins
allow conserve the flour, this without tannins degraded very rapidly, leading to high losses. This solution
has proven, also, to be extremely costly being replaced by the current solution. After realizing that it
would be easy to peel the acorns if they were dried, the next step was to recreate the old smoking
process over a board made of canes. Thus, a temperature-controlled oven was built which, instead of
roasting the acorns, dried them. The bark is thus more easily removed and the tannins, preserved,
resulting in products with a longer shelf life, more uniform characteristics and a large reduction in
production costs.

Although a path has already been made, in company 4, in the innovation process around acorn
processing, other needs are still pointed out by the owner. Namely tree harvesting equipment adapted
to a more fragile tree in relation to olive trees, equipment to collect acorns from the ground. However,
the owner acknowledges that the current model of buying acorns from pickers is less aggressive to the
trees, more socially responsible and allows to keep noisy machinery out of a system characterized by
silence and tranquillity.

Acorn sugar is produced though a process similar to the one used with corn starch in the production of
corn jelly and sugar, but industrialization is pointed as a solution for its viability as it requires its own
large equipment that is difficult for small companies to own.

A set of chain companies, is the solution also pointed out by this owner, to get the most out of acorn.
Thus, in a circular economy logic, an acorn oil extraction plant would be followed by an acorn sugar
extraction company and finally one for the incorporation of acorn flour into animal feed, replicating
what has already been done in the 1970s in this region.

An acorn yogurt and industrial cookies were also been tested, but its viability has been compromised,
in both cases, by lack of product.

In order to reinforce innovation in this sector, company 4 has been in regular contact with several
academic and industry institutions.

The owner of this company concludes by explaining that despite processing around 5 ton per year, he
could process until 200 ton, and that a producer organization around this product would allow to
produce a lot of food for many people.

Some products require higher technology then other. Between this one can include acorn milk, that
tends to be a very suitable medium for the proliferation of microorganisms, so it requires a

440



IFSA 2022

pasteurization process that does not degrade the remaining qualities of the product. This implies hi-
technology devices.

3.5 Hi and low tech

According Khalil (2018), technology is a word that comprises the materials, systems and construction
methods, and that may be implemented at a higher or lower level. In this sense, low-tech is defined, by
opposition to high tech, as making use of simpler technologies, being more easily used and adapted by
individuals or small groups with basic knowledge. Instead, high-tech makes use of all the available
modern potentials, through the implementation of advanced procedures, requiring experts to its
construction, use, maintenance and adaptation (Khali et al., 2018). Table 2 summarizes the key features
of these two types of technology.

Table 2 - Key features of Low and High technologies.

Low-tech High-tech
1 | Complexity of technology Simple More complex
2 | Knowledge used Lower and traditional | Intensive experts’
knowledge knowledge
3 | Link to tradition Strong but not always Barely
4 Investment of capital Low High
5 | Users Individuals or small groups Large groups
6 | Strategies Passive systems Active systems
7 Methods Simple Complex
8 Energy requirements Low High
9 | Crossed-compatibility Yes Yes
10 | Resources use:
Provenance Local Global
Quantity required Low High
Availability Easily available Restricted, with need of
extraction and purification
Quality Any High
Transport distance Short Long
11 | Final product quality Adequate High
12 | Available to modification or | Easily Barely
adaptation by users
13 | Maintenance Easy at low price Difficult and costly

During period A it is possible to identify a set of older or newer technologies. While its majority are of
the low-tech type, some can be considered as being high-tech.

Low-tech:

e Knowledge of trees that give the sweetest acorns

e Acorn picking by hand

e Selection by hand of acorns without holes and between holm oak and cork oak acorns

e Conservation to human consumption making use of the tannins naturally presentin acorns
by slow drying in aerated places and turning acorns frequently, in order to avoid the
humidity and the resulting mold
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e Conservation, to feed the animals out of acorns season, in anoxic water tanks with salt in
order to lose tannins and last longer

e Several recipes requiring an oven or fireplace, honey and other ingredients locally available

e Acorns broken with a heavy rock to feed poultry

High-tech:

e Acorn oil extraction plant
e Animal feed, out of acorns season, with rations including acorn waste resulting from acorn
oil factory

During period B, we identify several technologies, to treat acorns that can be integrated into hiand low-
tech.

Low-tech:

e Acorn picking by hand

e Selection by hand of acorns without holes and between holm oak and cork oak acorns

e Conservation using tannins naturally present in acorns

e Acorns drought using a traditional smoking process in a temperature-controlled firewood
oven

e Shelling by compression of dried acorns

High-tech:

e Tree vibrators for acorns harvesting

e Sticks with motor for acorns harvesting

e Vacuum cleaners for acorn aspiration

e Sweepers to gather the acorns and facilitate the collection

e Shelling and conservation by thermal shock in a chestnut processing factory
e Selection of healthy acorns using an optical eye

e Enzymatic process to produce acorn sugar

e Industrial cookies

e Yogurt manufacturing

e Pasteurized acorn milk (Sarddo et al. 2019)

Meanwhile we take notice of other practices such as acorn production in super intensive holm oak
plantations to feed black pigs in captivity.

4. Discussion

Through the data previously exposed we can realize that acorn consumption has been a constant
throughout the history of Portugal.

It was identified also a recent interest in the use of this product and the recovery of some recipes,
materialized in a set of acorn processing companies that have appeared in Portugal. The reasons behind
this renewed interest are several, according the different actors in the value chain. Producers seek

442



IFSA 2022

mainly income diversification, while consumers have, as main drivers, the link with tradition, health and
the opportunity to consume products providing from systems acknowledged as sustainable.

In addition to these drivers, both globally and in Portugal, we face new challenges such as climate
change and resource depletion that require adaptation and minimization measures (APA, 2015; APA
2019). The need for developing decarbonisation measures is difficult to match with the need to produce
food for a growing population. However, it is recognized that a large part of the problem lies more in an
adequate distribution of available production and in increasing the quality of food produced than in
simply increasing the quantity produced.

The development of sustainable food production systems can be one way of combining food production
with environmental preservation. Wild foods as acorns are an excellent opportunity in this context once
they require less water, plant protection drugs, or fossil fuels to agricultural works. In their quest for
innovation to address different problems related to the acorn transformation process, small and
medium-sized businesses tend to make use of low-tech or appropriate technology practices, often
adapted from older practices in a retro-innovation process. Processes involving more sophisticated
technologies such as pasteurization, the manufacture of acorn oil or sugar through an enzymatic process
are only accessible to larger companies that process large amounts of acorns, thus requiring an
intensification degree that is hardly compatible with the sustainable exploitation of an extensive system
such as the Montado or the oak forests of northern Portugal.

Accompanying the growth in the acorn processing sector, non-sustainable productive systems appears,
as acorn production in super-intensive holm oak irrigated plantations.

As Winner (1985) refers, the beginning of technology establishment is when there is more freedom of
choice about what kind of technology will be adopt in a sector. As certain choices are made in one
direction or another, between more complex or simpler technologies, between the possibility of they
being appropriated by all or only by a restricted group of great transformers, initial freedom is restricted
and only with much difficulty the paths chosen can be reversed.

In what refers to the acorn sector, this is the perfect time to think about the kind of production we want
to promote: one that meets consumer expectations of sustainable consumption or a business-as-usual
model, with the consequences we all know.

Attention should be paid to ensure that, in the path of retro-innovation, the sustainability of ancient
practices and the arguments that may underpin consumer preferences are not lost. In order to maintain
their sustainability, certain aspects of the innovation of these products must be monitored, such as the
expenditure of energy and raw materials in the manufacture of new products, the maintenance of a
sufficient level of technology to enable innovations to be appropriated and disseminated by others, the
distance between the place of production and processing, the processing methods, the destination of
the waste from this processing.

This sustainable retro-innovation may be of interest not only in the case of acorn, but also for so many
products under the name of wild edible foods, or underused crops, whose recovery has increasingly
been a goal of different scientific entities. In these cases, too, it is important to consider what kind of
food sectors we want to develop, what goals we want to serve: a sophisticated industrialization process,
highly resource demanding and that can only be understood and managed by a small profit-earning
elite, or a lower-tech and low-resource demanding process that allows broader income distribution for
larger fringe of the population while responding to the major environmental challenges we face?
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As Pansera argues (2013, 2018) frugal innovation per se is not enough to solve environmental and social
problems. This must be embedded in social and institutional eco-innovation. Also, in this aspect, retro-
innovation can provide a contribution for developing new social arrangements based on ancient
practices around work distribution, collective activities or adequate technology that allows a more
democratic appropriation of innovation.
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Abstract

In Western Europe, farmers are embedded in a secular culture. This culture, characterized by a
worldview where man and nature are separated and opposed, individualism is highly valued, capitalism
rules exchanges and where the end production of food, rather than the process of food production, is
central to food systems.

Agroecological approaches aim for farmers to entertain fundamentally different relationships between
agriculture and the natural/social environment. Such a reconnection with the environment requires that
farmers act based on an alternative worldview. Agroecological movements claim that their practices are
based on a holistic worldview of nature. Yet, we currently have little cultural information about
agroecological farmers in Western Europe.

The contribution thus explores the worldview of agroecological farmers in Germany in order to identify
how they conceptualize their connection with nature and whether new connections to people are
implied as well. More specifically, we attempt to answer the two questions: (1) How does the worldview
of agroecological farmers in Germany make use of a decolonized perspective in order to reconstruct
their relations to nature? And (2) Which place do farmers perceive for themselves in their environment
with regard to important societal challenges such as climate change?

The paper first analyses the fundament of the Western worldview and ontological principles of
alternative worldviews. The Human-Nature connections are interpreted making use of the Gaia theory
and the integrative worldview. It then presents a reconstructive analysis of narratives collected from
agroecological farmers of one farmer union via in-depth interviews. Results show that both colonized
and decolonized perspectives of nature co-exist and that farmers perceive their activity as a
responsibility towards the environment and society at the local, landscape and even global scale.

Investigating the ontological basis for the practice of agroecology in the Western European context can
reveal fundaments to foster the agroecological transition and insights to the role agroecological farmers
want to play in the wider food system.

Introduction

According to the Millennium Ecosystem Assessment, agriculture contributes more to the destabilization
of ecosystem functions than any other single human activity (MA, 2005). Agriculture, forestry and other
land-use activities accounted for 23% of the total net anthropogenic emissions of greenhouse gas (IPCC
Report, 2019). The use of the Earth through hunting, foraging, land clearing and agriculture has always
had some transformative effects on nature (Ellis et al., 2013). However, modern industrial agriculture
has intensified and enlarged these effects spawning a global environmental crisis (Callicott, 1990). Litfin
(2003) and Levins (2006) refer to a megacrisis “expressed in increasing demand on depleting resources,
pollution, new and resurgent diseases, climate change, growing inequality, increased vulnerability to
disasters of all kinds, loss of biodiversity, the erosion of productive systems, and recurrent conflict within
our species.” (Levins 2006:35).

At the same time, no other human activity is as basic and central as food production for human
sustenance. Thus, agriculture implies both Man’s use of nature and our dependency on it (Sanford,
2011). Agriculture represents the cornerstone of Human-Nature interaction where both humans’ and
Earth’s needs may be reunited. Thereby, it has the potential to contribute greatly to solving the global
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environmental crises. The magnitude of the challenge may arise fromits root in our culture’s philosophy,
as suggested by environmental sociologists.

Capra (1984) also understands the numerous environmental problems as the expression of a single crisis
of perception. It “derives from the fact that we are trying to apply concepts of an outdated worldview
— the mechanistic worldview of Cartesian-Newtonian science — to a reality that can no longer be
understood in terms of these concepts.” (Capra, 1984: 15-16). Levins (2006) points to a crisis of
relationship, rooted in “a pervasive and intensifying dysfunctional relationship between our species and
the rest of nature”.

Agriculture, as all human activities, is the expression of human culture. According to Callicott (1988:3) a
culture’s agriculture reveals its “fundamental metaphysical beliefs and values. The beliefs characterizing
Western Culture are “the emblematic faith in technology, the doctrine of progress, the centrality of
instrumental reason, the sanctity of individual freedom, the denial of the sacred”, according to Litfin
(2003: 30). She identifies these beliefs as “sources of an environmentally destructive cultural tendency”.
These beliefs and alleged causes of our complex crisis are rooted in the same ‘philosophy’, which is
known as the Western/secular/mechanistic worldview or the Cartesian paradigm. Kirschenmann (2005)
argues that worldviews — and today the Western worldview - shape both our perceptions and actions.
Thus, worldviews are fundamental in the transformation towards a sustainable agricultural and food
system.

In the science arena, environmental sociology attempts to define the fundaments of an “integrative” or
ecological worldview that could reunite Earth and human needs and lead to a more sustainable Human-
Nature relationship. The proposed worldview is rooted in systems’ theory and stresses the co-
evolutionary relationship between mind and action, between worldviews and the way society
constructs its relationship to nature and its own structures. In parallel, agroecology proposes as a set of
alternative farming principles (Nichols et al., 2017), and is presented as a paradigm for an alternative
food system (Gliessman, 2016; Oehen et al., 2015) in an attempt to resolve environmental and social
problems. Its transformative potential (Giraldo and Rosset, 2016; De Schutter, 2011) rests, according to
De Schutter (2017), on the fact that agroecology is based on an alternative, radically different Human-
Nature relationship, that is, a new worldview. This paper seeks to bring together these theoretical and
practical attempts to construct a worldview that sustains a new and sustainable relationship between
Man and Nature.

What would be key concepts in a new worldview transcending the Human-Nature divide and inspiring
a more sustainable agriculture? In comparison, how does the worldview of agroecological farmers in
Germany make use of a decolonized perspective in order to reconstruct their relations to nature? Which
place do farmers perceive for themselves in their environment with regard to important societal
challenges such as climate change?

The paper first retraces the roots of the worldview that industrial agriculture is based on, and introduces
an alternative integral worldview. Since stories people tell and rely on to see the world and stories’
metaphoric and narrative realms are the expression of worldviews (Litfin, 2003), this paper presents in
a second step a reconstructive qualitative analysis of the worldview of agroecological farmers in
Germany and of their perceived role in the global environmental crisis.

Investigating the ontological basis for the practice of agroecology in the Western European context can
reveal fundaments to foster the agroecological transition and also insights into the role agroecological
farmers want to play in the wider food/environmental system. Indeed, a new metaphor can further help
to set in motion a cognitive transformation at the level of a whole society by raising awareness of the
faulty system and by calling the old model(s) into question (Hirsch & Norton, 2012).

Background: the emergence and establishment of the Western worldview in agriculture
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The emergence of a mechanistic worldview of nature

Capra (1984) describes the dominant worldview in Europe in pre-modern times prior to 1500 as
organic. Science generally pursued the development of a profound understanding of nature in order to
live in harmony with it. In contrast, contemporary science seeks to predict and control. At the root of
contemporary science is the scientific revolution, which relies on three major premises.

First, the scientific revolution separated objects from subjects. Natural sciences became exclusively
occupied with material objects (matter) and their quantifiable and measurable properties. They
excluded other properties, such as color, sound, smell and taste, and in general life and spirituality
(mind) (Capra, 1984). The belief that certainty in knowledge can be achieved only via the separation of
mind and matter became central to the Western worldview and science.

Second, a great contribution to science was the analytical scientific method developed by Descartes (in
the 17th century). Nature was portrayed as a machine, as “working according to mechanical laws, and
everything in the material world could be explained in terms of the arrangement and movement of its
parts.” (Capra, 1984:60). Animals were production automata. However, this analytical method has
resulted in a fragmented vision of the world, coined as reductionist. The term reductionist refers to “the
belief that all aspects of complex phenomena can be understood by reducing them to their constituent
parts” and ignoring the role of relationships between parts” (lbid.).

Finally, another important turning point in the representations of humans and nature was the
incorporation in the Western worldview of Bacon’s idea that “knowledge is power” and that man,
through science, could control nature. This contributed to the further transformation of the ancient
concept of a nurturing Mother Earth into the patriarchal metaphor of the world as a machine (Capra,
1984).

A primary consequence of the Cartesian division between spirit and matter was that achieving an
objective description of nature became the ideal of all science (Muraca, 2016). Second, the goal of
science became the generation of knowledge that would enable the human species to dominate and
control nature and to invent technologies that could modify the world (Capra, 1984:55-56;
Kirschenmann, 2005).

This mechanical view on nature turned into the dominant scientific paradigm for the next three
centuries and shaped our modern agriculture (Callicot, 1990). Applied to sociology, it led to the idea
that human minds, as powerful mechanisms, could adapt quickly to any ecological change. Catton and
Dunlap (1978) termed this powerful paradigm which underlies agrarian modernization theories in the
second half of the 20th century the ‘Human Exemptionalism Paradigm’. The scientific paradigm was
broadened to a general Western worldview, which is summarized by Capra (1984:31) in these terms:

Belief in the scientific method as the only valid approach to knowledge; the view of the universe as a
mechanical system composed of elementary material building blocks; the view of life in society as a
competitive struggle for existence; and the belief in unlimited material progress to be achieved through
economic and technological growth.

Western Worldview and agriculture

Callicott (1988; 1990) summarizes how the mechanistic worldview conceptualizes modern agriculture
as follows: The soil is perceived as a mere physical substrate, providing space and mechanical support
for plants. Plants are complex assemblages of simple elements. The (potentially engineered) DNA of
plant cells produces carbohydrates, fed as energy to agroanimals, and ultimately humans. As on an
assembly line, processes are broken down to the smallest steps. The “[p]roducts are standardized; scale
is magnified; and crops are specialized and monocultured.” (Callicott, 1988:5). Importantly, agricultural
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goals, such as increases in vyield, pest control, soil fertility, etc... were believed to be achievable
“Cartesian-style, by finding a separate solution for each and summing the results” (Callicott, 1990:41).

The modernization of farming systems involved a series of transitions: from labor-intensive to capital-
intensive; from heterogeneous to homogeneous; from small scale to large-scale; from subjection to
nature to domination of nature; from superstition to science; and from the production of food to the
production of commodities (Levins, 2006:38). A central example of the application of the Cartesian
scientific approach to farming is the work of Justus von Liebig in the 19th century. After his identification
of the role nitrogen, potassium and phosphorus play in feeding plants, von Liebig argued that the labor
intensive nutrient cycling practices could be replaced with the application of chemical fertilizers. He
inspired farmers to abandon their mixed farming practices to turn towards the specialized production
of a few high-value crops (Kirschenmann, 2005).

The dominant narratives of conquering nature and manipulating parts of a machine— which emanated
from the Scientific Revolution and underlie Western agricultural practices- are (still) presented as
natural and inevitable within both the scientific and the ‘feed the world” discourse (Litfin, 2003:29;
Sanford, 2011:289). Yet today, modern agriculture is denunciated as a form of colonialism of nature.
Guzman & Woodgate (2015) also claim that ways of farming that did not follow rules of modernity were
impoverished.

The problem is that the mechanistic worldview, with its machine metaphor and the fragmentation
doctrine, is too narrow. The challenge ahead of us is to abandon the dichotomies through which we see
the world today, such as the Man-Nature divide, the material and spiritual divide, etc... Science, as well
as groups and networks from the practice in the field, are seeking new principles and paradigms for
their organization (Capra, 1984).

An integrative worldview: theoretical developments and practice in agroecology

Currents of environmentalism have developed as a response to the ecological degradation ensuing from
modern instrumental usage of nature. The first current refers to exclusive conservation projects such
as nature parks where Nature is seen as wild, primitive, naive and needing (richer) human protection
(from other humans). The second current refers to precision agriculture, climate-smart agriculture,
nutrition agriculture and the like (Oehen et al., 2015); practices which aim at using resources more
efficiently to garanty their long term contribution. These hegemonic currents of environmentalism
perpetuate the dichotomy between man and nature and the objectifying and instrumentalizing view on
nature rooted in modern science (Muraca, 2016.). Yet, they do not represent a paradigm shift, in which
thoughts, perceptions and values would shift fundamentally (Capra, 1984).

Towards an integrative worldview — theoretical perspective

The core principles of a new paradigm shall attempt to reformulate the crucial (ethical and cognitive)
guestions of who we are in relationship to the environment and of how can we meet both Human and
Earth needs.

A third current of environmentalism, termed environmentalism of the poor by Guha and Martinez-Alier
(1997) refers to the struggles of small farmers, women and indigenous people to preserve their
collective livelihoods as well as their vision of a self-determined and sustainable life in their community.
Their language and narratives express

a radically different [from the Western paradigm] understanding of the relation to the ‘territory,” with
all its inhabitants included in what can best be called a cosmo-anthropo-vision, in which interconnection
among different levels of the real (biophysical, human, supernatural) leads to specific society-nature
relations and nature-culture regimes. (Muraca, 2016:35)
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Escobar (2008:154) considers this a decolonial view on nature that “calls for seeing the interrelatedness
of ecological, economic, and cultural processes that come to produce what humans call nature” (quoted
in Muraca, 2016: 35). Two theoretical concepts help qualify the beliefs and worldview the
Environmentalism of the poor is based on. These are the integral perspective (Litfin, 2003) and radical
relationism (Muraca, 2016).

First, the integral perspective, developed by Karen Litfin (2003) is built on “the premise that
consciousness is ontologically prior to action” (p. 29). Thus, the global problem of our relation to nature
is rooted in a dysfunctional mode of consciousness. A next stage of human consciousness shall bring the
understanding that humanity and nature, spirit and matter, are two dimensions of a single reality (Litfin,
2003). It foresees a unique responsability (rather than privilege) to humans to develop their
consciousness and find new modes of ontologically closing the gap between mind and matter (ibid.).

Second, radical relationism argues that “relations are ontologically prior to and constitutive of entities,
rather than being conceived as external link(ing) between them” (Muraca, 2016: 19). Thus, experience
is created through “a web of constitutive relations that include the emotional disposition of the
act of grasping itself” (Muraca, 2016: 20). Object and subject interact and co-create one another. By
contrast, the Western worldview depicts objects as pre-existing substrate and fails to acknowledge
these relationships. One consequence of radical relationism is the necessity to consider farming systems
holistically as constituted of parts which acquire meaning through their relationships with other parts.
For instance, soil fertility is the corner stone of healthy farming systems rather than the optimal
concentrations of N, P and K.

New mental models to link global to local

Concomitantly to alternative ontologies, Hirsch & Norton (2012) propose that global issues such as
climate change can best be addressed by defining a new metaphor of the world. This metaphor plays
the role of a mental model. Our inner mental models mirror the outer reality. By changing our
metaphors and values, we change our actions., A new metaphor can incite an individual as well as a
society to act upon the outer world and shape the environment quite effectively (Capra, 1984). In the
case of climate change, it should allow us to “think globally, act locally”.

An interesting mental model for the farming issue according to Litfin (2011) is thus the “Gaia theory, an
interdisciplinary scientific perspective that understands Earth holistically as an integrated, self-
regulating biogeochemical system”. As an archetypal, Gaia theory is consistent with and can be seen as
an application of the concepts of integral worldview and radical relationism, outlined above.

Three qualities of living systems, i.e. holism, autopoiesis and symbiotic networks can help steer human
systems toward sustainability (Litfin, 2011: 421). Holism is expressed in Gaia theory by the
representation that Gaia (the Earth) as “the largest known instance of a living system, which in turn
entails countless subsets in the form of nested living systems of biota and their environments” (Litfin,
2011: 421). Thus, system thinking opposes the thinking of production as a linear process from resource
to waste. Second, autopoietic refers to the capacity of maintaining the system and its function in time.
Thus, the purpose of the system, that is, the functions that should pertain, is a fundamental
philosophical question. Currently, growth constitutes the accepted purpose of the global economy. Yet,
its infinite desirability on a finite planet causes Gaian-scale perturbations. Rather, the integrity and the
stability of the Gaian system should become the core human purpose (Litfin, 2011:421). The third quality
of living systems, the symbiotic networks, refers to the idea that the world consists of relations among
objects. It “stands in contrast to modern political and psychological notions of human independence”
(ibid.). The Gaia theory relies on symbiotic relationships and cooperation for survival in contrast to the
neo-Darwinist view of life based on competition.
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These principles appear in other emerging worldviews such as the ecological worldview which
corresponds to the vision for a scientifically informed ecological agriculture (Callicott, 1990:45-46).

Agroecology as the enactment of the Gaia theory?

For agriculture and the food system, the mission is to transform the food system “into a viable subset
of Gaia, which means approaching it as a holistic and autopoietic living system organized as a network
of relations” nourishing people and ecosystems (Litfin, 2011: 427).

Callicott (1988:3) argues that “agroecology translate[s] this abstract new vision into a concrete
agricultural vocabulary: The farmstead is regarded as an artificial ecosystem with a multiplicity of diverse
plant and animal constituents interacting with one another and with environing natural ecosystems in
complex and mutually supporting ways”. The idea that “agro-ecosystems should mimic the biodiversity
levels and functioning of natural ecosystems” lies at the heart of agro-ecology while “[s]uch agricultural
mimics, like their natural models, can be productive, pest resistant and nutrient conserving” (Pimbert,
2015: 287). Principles for agroecology in the field (Nicholls et al., 2017) and in the food system
(Gliessman 2016) express a systemic view of natural processes and agricultural practices.

In addition and fundamental to the agroecological approach is the understanding of nature as active
participant in processes of production and change (Guzman & Woodgate, 2015), which reminds of the
co-creation of subject-object mentioned earlier. Further, the material and energetic sustainability —
besides the economic efficiency- of agricultural systems emerges as a goal of agroecology (Guzman &
Woodgate, 2015).

Thus, for Callicott (1988:8), agroecology expresses a new paradigm for agriculture. Litfin (2011) does
suggest that organic and agroecological farmers have adopted “a Gaian understanding of soil as a living
web of symbiotic networks rather than an inert receptacle for chemical inputs”. Rosset and Martinez-
Torres (2013) suggest that this view of nature is held by the members of the agroecological movement
in South America. Yet, we are not aware of any studies exploring western farmers’ worldviews and
confirming this theory.

Methods and case study
The role of agricultural narratives and metaphors

We start from the idea that language is constitutive of reality, rather than simply describing it (Escobar,
1996 as quoted in Guzman & Woodgate, 2015: 13). This means that language such as metaphors and
narratives structures agricultural paradigms and practices. Indeed, different metaphoric realms
characterize industrial agriculture, indigenous and alternative agricultures or conservation.

Narrative and metaphor have much to do with ethics. Narratives help us develop and enact our ethical
frameworks and think through various courses of action, depicting the consequences of our choices.
Narratives are also morally binding (Sanford, 2011). In agroecology, we expect narratives to be rooted
in the Gaia or ecological worldview. They may imagine agricultural practices that consider effects on
multiple human and non-human communities (Sanford 2011: 284) and reunify their needs.

Case study and data collection

We chose to analyse narratives of agroecological farmers in Germany. The country has undergone a
large-scale structural change in the last decades pressing conventional farmers to give up their farming
or to get bigger (Domptail et al., 2018). At the same time, the share of organic farmers in Germany is
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lower than in its neighbors France and Austria. Yet, Germany seeks to be a leader in the climate change
mitigation.

The case analysed is that of a small peasant farmers’ association in Western Germany in a region
domianted by large scale arable farming but adjacent to more hilly grassland landscapes. The association
stands up for a socially equitable and environmentally sustainable agriculture and the establishment of
conducive conditions. Its members include both conventional and organic farmers, with medium and
small-sized farms. Anyone interested in supporting the aim of maintaining peasant farming, shepperds,
horticulture and improve their lot may join. The association conducts political and agronomic events
and supports the cooperation between farms and groups of citizens. It is also a cofounder of the
European Coordination Via Campesina, an umbrella organization of peasant farmers taking part in an
international fight for food sovereignty.

We follow a purposeful sampling strategy targeting both women and men farmers, conventional and
organic farmers, as well as farmers with different farming systems such as arable, mixed, dairy system
or horticulture. The sample and data consist of six in-depth interviews. The face to face interviews were
conducted at the farmers’ homsteads between october 2020 and January 2020. Farmers were first
asked to narrate their farming life trajectories. Some of the topics mentioned were then depended using
guestions developed to address the heuristics detailed below. Additional facts about the farms and
farming systems were collected additionally, when not mentioned before.

Only two farms, both organic, are analysed in the present version of this paper. Farm B is a mixte farm
while Farm A is a grassland based cattle rearing farm with own slaughterhouse of 350 ha. Farm B is a
mixte farm arable-cattle with 90 ha including 50 of arable cultivation. Both deploy considerable efforts
to integrate biodiversity-foresting and animal-friendly practices in their farming system (see details in
annex 1).

Qualitative reconstructive analysis

Reconstructive research seeks to investigate how humans mentally and thus practically shape the world
they live in. Reconstruction means that we examine how social meaning is constructed by the
application of linguistic means (signs and symbols) and how such social meaning is expressed in a
documentary manner (cf. Kruse, 2014: 472). We apply an integrative basis procedure (/ntegratives
Basisverfahren) by Kruse (2014), which aims to let the “data talk” in an inductive manner. Yet, due to
the impracticality of a solely inductive analysis, the integrative procedure recommends the use of the
heuristics of research objects (forschungsgegenstéindliche Analyseheuristiken) to structure and
systemize the analysis openly. These heuristics can be understood as sensitizing concepts (cf. Blumer,
1954) which function as ‘scanners’ or interpretation guides for detecting the respective structures of
meaning within the text.

We explore farmers’ concepts of nature and the concomitant self-world relations by investigating five
domains: (1) their understanding of nature and Man-Nature relations; (2) the profession of farming and
its objectivity; (3) the nature of their knowledge; (4) human responsibility towards the global crisis and
climate change; and (5) their relation to the political and food systems. Table 1 shows the research
object-specific heuristics formulated for each domain.

Table 1: Research object-specific heuristics used as scanners in the text analysis.

How is nature described? (non-Western concepts of nature, e.g.
Mother Earth, a home and living being or rather a source of

Understanding of nature and
resources?)

human-nature (power)
relations

How does the interviewed person position him/herself in relation
to nature?
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How does the interviewed person perceive he/she reunifies her
needs and the needs of nature through their activity? Is there a
creative interaction between human activities and nature’s
productivity?

Work conception, professional
identity and spirituality

Does the interviewed person mention spiritual aspects? What is
the role of personal relationships to things in the farming system,
that is, the significance of emotion, instinct and intuition in the
farming activities?

How does the interviewed person describe his/her professional
identity in relation to other farming approaches?

Is it rather about competition or cooperation? (De)growth?

Knowledge and system thinking

How does the interviewed person deal with the complexity of the
natural system he/she interacts with? How does he/she perceive
the role of scientific knowledge and technology? How does he/she
deal with uncertainty?

What is the aim of farm management (integrity and stability - or
what other concepts are guiding principles)? Does the interviewed
person make use of linear thinking or do they think in circles?

Responsibility

What is the perception of the interviewed person of his/her
responsibility? At which scale (farm or world)? Do they hint at a
“system” identity, such as planetary citizen or earth steward?

How does the interviewed person perceive his/her (socio-
ecological) agency with regard to the global environmental crises
and especially climate change?

How does the interviewed person describe his/her role in socio-
political change? On what scale?

Embeddedness/connectedness
vs individuality, and autonomy

How does the interviewed person position him/herself in the
community? In society? in the world?

How does the person relate to the higher systems it is embedded
in, especially the political and food systems? Does the person
strive for autonomy?

Is the person’s agenda at the farm or local scale? or is it connected
with other people’s agendas and aimed at enacting change on a
bigger scale?

How is globalism perceived and what are the perceived
relationships between the global and the particular, the whole and
subsystems?
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Preliminary results and discussion: Worldviews in an agroecological farmers’ union in Germany
The narratives are analyzed individually first and then compared.
Farm A. The farm in the global world.

The first most stricking feature of farmer A’s worldview is the co-existence of a sense of respectful
submission towards nature, due to human dependency on nature and the constraints it imposes on
production processes, together with a strong sense of actively shaping nature, in the form of nature-
like (Naturnahe) production systems. Although the farmer perceives that he curves nature according his
will, he believes that his practices are the only positive way do to it because they maintain the qualities
of nature which together build the life basis: air, water, soils and biodiversity. To maintain this lifebasis
(“Lebensgrundlage”) intakt is the central aim of the farming activity (Verbatim 1 and 2; in original
transcript and language in annex 2).

“but (.) | don’t LET eh eh eh nature to GROW as it in an ideal case would like to (1) but (1) Yes our
lifeBASIS is eh here the INTERFERENCE in Nature we have to hum say it this way”. Farmer A, §54.

,we are the FIRst in [OUR REGION], who have started again to (.) THIS EXTENT to MOW with the
DOUBLEblade mowing machine (.) that means that we acquired a=a machine a MOWING technique (.)
which is insect-FRIEndly and hum IYES! it involved many Risks=and also IMUCH! TROUble and EFForts
TIMEwise and Financial hum (.) eh where we eh STILL believe today that THIS is the RIGHT thing to do
ITO! pra-pracTICE the most POSltive possible IFORM! of agriculture” (Farmer A. § X).

The second main feature is the understanding of the farm as one element of the global social and
ecological system and dynamics. The interaction with nature is understood in the anthropocen context.
Indeed, the farmer perceives the role of humans in shaping nature as immense and at the same time
endosses, in that role, the responsibility of shaping farming so that it addresses the global crises of social
inequality and climate change. Thereby, those farmings practices are perceived as a communication, a
form of dialogue, between the farmer and nature, as well as between the farmer and the world. For
instance, the farmer perceives perceives certain aims and related practices as a political act towards a
fairer world (Verbatim 3).

“YES what we (.) in addITION try to do is to MANAGE the PAStures (1) so that eh (.) okay this is now also
political- BUT it just came to my mind YA eh that we try to build build UP our HUMUS that means to
BIND CARBON Dioxyde from the air” (farmer A, §28).

Local marketing is also perceived as a way to avoid unfair competition with the global south (Verbatim
4).

[Industrial agricutlure] “attempts with SMALLEST POSSIble WORK use to produce the highest OUTput (.)
THIS resULTS of course from the DISCREPANCY (.) between SIGNIFICATION [orig. WERTigkeit] of the
FOOD and our general wage level (.) but it also induces that we (.) eh=eh OTHER foods (.) primarily things
that are=are=are WORKintensive in their production (.) WE HAUL them from Other regions of the world”
(Farmer A, §47).

Farm B. An island in the midst of desolation

The most stricking feature in Farmer B’s worldview is the representation of nature as perfect. Nature is
the embodiment of God, is surprising by its powers and wonders and is fundamentally associated with
two key attributes of diversity and complixity. Through a “reverential” attitude and “fascination”, the
farmer takes nature as as inspiring role model, which she uses to create habitats or spaces for living
(“Lebensraum”) for humans and other species, today and tomorrow. She perceives her exchanges with
nature as a “give-and-receive” relationship where she contributes to sustain or increase the lifebasis
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and gets in return a haverst and a meaningful job. She describes this as a tightrope walk
(Gratwanderung), a challenge in order to maintain a certain balance (verbatim 5):

“So: it is of course eh also a TIGHTrope walk because eh ya OTHERS SAY (.) well then let the nature
completely ALONE so (.) mhm to IGROW! as IT WISHES (.) mhm but | SEE this again NOT this way because
when then a plot isn’t used AT ALL, then eh it is not always BETTER so you find the highest humus
CONTENT [orig. AUFBAU] under PASTURES grazed by CATTLE (.) and where many different GRASSES
grow and FLOWERS and all those SPEICIES they are only there when someone makes HAY and also hm
MOWS (.) cuts the grass and (.) takes it AWAY so eh (1) it (.) is always about needing to maintain the
EQUILIbrium “ (Farmer B §15).

Second the farmer understands the farm as an element of the living landscape, which acts as an
organism (Verbatim 6).

“just HOW the landscape ehm (1) just NOURISHES itself from the construction of PONDS and irrigation
systems that are integrated in the landscape (.) mhm (1) that also EACH corner nearly EVERY plot has its
VERY special PROPERties that one should eh SEE and use”. Farmer B §9.

In describing the landscape as a place of desolation (large scale monocultures), she perceives her
farming activity as a counter-action, and in fact a nature protection act. For instance, she uses flower
strips and mowing techniques, which support insect and small fauna diversity and chooses her crop
rotation according to surrounding cultures to ensure an ecological stability in the landscape (Verbatim
7):

“When you LOOK at the landscape, you see (.) in fact IDESOLATEDNESS! (.) so you see insanely large
areas without diversity eh (.) cultivated with one crop only (.) no hedges (.) these are things (.) | try to
somehow COUNTERACT (.) so | try most of the time to CULTIVATE MIXTURES of crops (.) FLOWERIng
strips surround EACH of my FIELD!EDGES! (mhm) at the BORDER to the next FIELD (.) | try to cultivate
crops that flower when NOTHING flowers in the landscape (.) ehm yes (.) | (.) actually do (.) quite some
(.) nature PROTECTING (.) or nature conservation eh ya.” Farmer A.

She perceives a responsibility to protect other species in this context and has an emtional bond with
them.

Equal relationship with nature: good, fair and fear
The human-nature relationship described is one of respectiful partnering and egalitarianism.

A first common attitude towards nature is amazement. Nature, in its powers, its complexity - web of
linkages and complementarity - its diversity, is perceived as marvelous and beautiful. The amazement
suggests that farmers observe nature and its works (functioning) very closely — this observation of
nature’s work is one essence of a certain humility, or recogntion that nature has its own path and
powers. The observation is also at the basis of the dialogue with nature.

In parallel, one important element of the nature-farmer relationship is a very developed understanding
of the earth, landscape and farm as nested and complex systems. This is a key guideline for the farming
practices and farm design. At the same time, the web of complexity is related to fears: because chains
of causalites are complex, consequences can be numberous. Biodiverity loss, climate change and social
unrest were feared consequences of the system behavior of Earth.

These two elements enable a third dimension of the nature-human relationship: the usage/crafting
dimension. While farmers depend upon and admire nature, they shape it so as to create a life basis and
life spaces supporting both humans and other species needs. Farmers feel particularly empowered to
make the choice of “positive” practices that enable them to make the “good” decisions towards a
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nurturing land use. Importantly, they perceive the beauty of nature in complex and diverse man-made
(agroecological) agricutural systems.

Local farming for global consequences

Perhaps the most striking sense of citizen responsibility taken up by the farmers is that they wish to
preserve nature as a life-basis and a space for life for all species, for future generations and for all
because they want to help save the world. They do so through great expenditure of time, effort and
money.

The two interviewfurther address two scales of acting responsibly. First at the context of the landscape,
the farmer strives to provide islands of biodiversity to sustainable life across the landscape. Second, at
the scale of the earth, farmers feel that their actions are connected in a telecoupling manner with local
happenings elsewhere (e.g. in the global south, in the atmosphere) and do act accordingly by designing
farming systems able to address many short shortcoming of the dominant industrial agriculture model.
This desire to address current global issues is further represented in the vocabulary used by Farmer A
which he interstingly co-opts from the productionist paradigm and applies to agroecological practices

”ou nou

(“highly productive”, “intensive production”, “rational thinking”).

The “Lebensraum”

The life-basis concept, framed in the interviews as soils, water, air and biodiversity and complexity,
appears as a key concept to reconcile views of nature as wild versus tamed. This concept provides a new
aim for the agricultural activity, based on the idea that agricutlure can be the crafting act of turning
nature into a life-support system for multiple species. It transcends the western utilitarian view of nature
as conserved or exploited to come close to the concept of environmentalism of the poor (Martinez-
Alier, 1997), characterised by the perception of dependency on nature. This suggests that, perhaps,
agroecological farmers are developing an environmentalism of the peasant, but a peasant of the global
world, very far from the romanticized view that peasants are cutting themselves from the modern world
and its challenges.

Conclusions

Alternative worldviews to the dominant Western worldview are essential to improving the food system
and addressing climate change and other environmental crises because worldviews shape (agricultural)
actions. Agroecology claims to be different from all forms of present modern agriculture systems and
to have the potential to address the global environmental crisis and climate change because it is based
on a different worldview; one that reflects a decolonized and systemic an-Nature relationship.

The current dominant Western worldview is based on a reductionist approach to nature and analysis,
and on the idea that we can control nature. It has fostered an extractive form of modern agriculture
which alienates humans, and farmer in particular, from an experiencial communication and interaction
with nature. Integrative and ecological worldviews, as well as the Gaia theory are being developed by
science in an attempt to reconcile humans’ and Earth’s needs. These address the human consciousness
about their relationship to nature and they attempt to reunify mind and matter so as to depart from a
mechanistic approach to natural resource management. Agroecological farmers claim to operate on
such a decolonized relationship and a systemic understanding of nature. Our analysis of narratives from
agroecological farmers in an arable fertile region of Germany shows that farmers have adopted Gaian
worldviews seing the farm as an element of the landscape organism and of the earth social and
ecological organism. Under the new worldview, the farmer, his motivation and his operating territory
matter. Production does not happen alone but rather in a territory and as the result of the interaction
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of actors among themselves and with their environment. This worldview enables farmers to indeed
enact values which they share and that address their role with regard to the global environmental crisis.
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Annexes

Annex 1: Description of the Case Study Farms

(Only the two farms used in the results section till 13.02. 2020; will be updated to 6 or 7 farms in a
complementary version of this paper).

Farm A

(anonymous)

Size (ha):

330 ha

Ownership status:

1/3 own land, 2/3 leased land; bought the land and the farm
together with his wife 20 years ago

Labor force: 3 adults (himself, his wife, and a partner), his children
Crops: Arable farming on 20 ha in cooperation with another farm
Pasture and grassland: 310 ha

Woodland none

Unused area:

2-3 ha fallow land

Number and species of | Cattle (250-300: 90 Suckler cows, 90 One-year-olds, 90 Two-year-
animals: olds)

Meat business: yes

Certification: Naturland

Unions/clubs/associations:

Two peasant farming and one nature conservation associations

Gender: male
Age: Between 40 and 50
Education: graduate

Experience as farmer

40 years total, 20 years on own farm

Greatest motivation:

Family

Greatest challenge:

Family

Farmer A started without his own farm and built up the present farm from scratch together with his
wife in Germany about 20 years ago. They built their own slaughterhouse in order to be able to
accompany the animals to their death and reduce their stress. As part of an integrated pasture
management, the cattle spend 10 months a year outdoors on the pasture to maintain medium-high
grass in order to increase soil fertility and to ultimately store air CO2. The cattle is fed without
external inputs. The farmer is further concerned about biodiversity loss and therefore acquired a
cost- and maintenance-intensive yet insect-friendly double blade mower. The family bears all the
work on the farm and shares the enthusiasm for an environmentally and socially compatible small-
scale agriculture with local and direct marketing, an international perspective and political

engagement.
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Farm B

L. G.

Size (ha):

90 ha

Ownership status:

15% own land, 85% leased land together with a partner farm

Labor force:

3

Crops:

50 ha.

Wheat, rye, barley, millet, pea, bean, grain fennel, sugar beet,
various intermediate crops, sunflower (next year), buckwheat.
Products of market gardening/ Orchard meadow: Sweet cherries,
apples (apple juice); nuts, mirabelles and others

Pasture and grassland:

40 ha

Woodland

none

Unused area:

None (even though flower strips and hedges officially count as
fallow land, but farmer considers them as tillage and landscape
elements)

Animals:

Suckler cow herd (red mountain cattle) and 3 horses

Meat business:

Yes, but extensive; cattle rather used as caretakers of the landscape
and forage processors

Certification:

Demeter

Unions/clubs/associations:

Several associations but active in one peasant farming association.

Gender: female
Age: Between 30 and 40
Education: graduate

Experience as farmer

10 years, 6 years with own farm

Greatest motivation:

Her children

Greatest challenge:

Short days and having the strength to do what you want to do

L. G. started organic farming six years ago together with her husband in Center-West Germany. She
is interested in interdependencies both on a small and large scale and completed training in
permaculture in Australia. Questioning common practice in agriculture, she incorporated a high
number and diversity of landscape spatial and temporal elements such as hedges, flower strips and
animal friendly mowing dates on the whole of her farm. She is the president of the peasant farmer
association. This year, she plans to offer seasonal gardens to bring agricultural activities, knowledge
about food and its production closer to the people and to offer place for community and social

interaction.
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Annex 2: Verbatim original transcripts and language.

Verbatim 1: mhm] die=die aber (.) aber die=die=die naTUR (.) nicht so LASST wie se Elgentlich WACHSEN
wirde so gern ma des im idealfall gern tun wollte (1) aber (1) JA unsere lebensGRUNDIage is ah sch-
<<Telefon klingelt>> IS hier der EINGRIFF in die naTUR des muss mer [mhm] so sagen” (Transkript
Farmer A - Final, Absatz 54)

Verbatim 2: , wir jetzt die ERsten in HEssen (.) die angefangen ham wieder mit (.) in DEM UMFANG mit
nem DOPPELmessermahwerk zu MAhen (.) das heiRt wir ham uns ein=eine maschINe angeschafft=eine
MAHtechnik angeschafft (.) die inSEKtenschONend scho- &h MAht (.) u:nd=a:hm (.) JA! was mit viel
Risiken verbunden WAR=auch mit IVIEL! (1) ARger und AUFwand ZEITlich und FInanziell [mhm] (.) &h:
wo wa aber jetzt doch dh IMmernoch der Uberzeugung sind dass DAS (.) das RICHtige is (.) lUM! (2)
eine moglichst POsitive IFORM! der landbewirtschaftung zu prak-praktiZIERN (.) (Transkript Farmer A —
Final)

Verbatim 3:,JA was wir (.) dartber hinAUS versuchen ist des GRASland SO zu beWIRTSCHAFTEN (1) dass
dh:m (.) nagut des hat jetzt mit politisch n- ABER des fallt mir grad so ein [JA] ah dass wir=dass wir
versuchen HUMUS aufzuBAUEN das heillt auch KOHLENstoff aus der luft zu BINDEN (.)“ (Transkript
Farmer A - Final, Absatz 28).

Verbatim 4: Industrielle LW ,versucht mit IMOG!lichst WENig |ARBEITS!einsatz MOGLichst hohen AUS-
OUTput zu erzeugen (.) DAS resulTIERT natdrlich aus der DISKREPANZ (.) zwischen der WERTigkeit von
den LEBENSmitteln und unserm allgemeinen lohnnivEAU (.) fUhrt aber auch DAzu dass wir (.) 8h=3h
ANDERE lebenmittel (.) vor allen dingen SOLche die=die=die ARBEITSintensiv erzeugt werden (.) UNS
aus ANdern regionen der welt ahm (.) HIERHER holen.” (Transkript Farmer A - Final, Absatz 42)

Verbatim 5: ,,also: [ja] es is natlrlich dh=auch so ne GRADwanderung weil dh (.) ja ANDERE SAGEN (.)
dann muss man die natur ja ganz in RUHE lassen ver-also (.) ne [mhm] fiir SICH 'WACHSEN! LASSEN {(.)
[mhm] aber des SEH ich dann wiederum NICH so weil wenn man dann (.) ne fliche GAR nich mehr
bewirtschaftet dann ahm (2) is das nich unbedingt viel BESSER also den hochsten humusAUFBAU hat
man (.) unte:r WIESEN die mit RINDERN beweidet werden (.) [mhm] und wo ganz viele GRASER drauf
wachsen und BLUMEN und die:se ganzen (.) ARTEN die gibts nur wenn jemand da HEU macht und des
gras auch m=MAHT (.) [mhm] schneidet (.) und wieder WEGf&hrt also=&h (1) des &h (.) is immer so des
(1) GLEICHgewicht was eingehalten werden muss” (Transkript Farmer B, Absatz 15)

Verbatim 6: ,DA gabs auch ahm (1) !EINIGE! schllisselerLEBNISSE WIE einfach die land (.) SCHAFT sich
auch ahm (1) ja NAHRT einfach durch anlage von TEICHEN und bewasserungssystemen die man dann in
der landschaft integriert (.) [mhm] (1) dass doch auch (.) JEDE ecke quasi JEDER=jede flache seine GANZ
spezielle EIGENschaft hat die es dh zu SEHEN und zu nutzen gilt” (Transkript Farmer B, Absatz 9)

Verbatim 7: ,wenn man (.) in die LANDschaft SCHAUT (.) sieht man (.) eigentlich ne groRe (1) IODNIS!
(.) FAST (.) also man sieht wahnsinnich groRe flachen ohne vielFA:LT &h (.) einfach mit einer kultur
bestande:n (.) kaum hecken (1) des sind so dinge (.) da versuch ich irgendwie GEgenzuSTEUERN [mhm]
also ich dhm (.) versuch meistens pflanzen im geMENGE anzuBAUEN (.) BLUHstreifen sind am JEDEM
meiner FELD!RANDER! [mhm] zum- an der GRENZE zum nichsten ACKER (.) ich versuch kulturen
anzuBAUEN die blihen wenn sonst INICHTS! bliht in der landschaft (.) [mhm] (.) ahm (2) ja (.) ich (.)
mach schon (.) en zimmich 4hm (1) naturSCHUTZENDE (.) ode:r naturschutz dh=ja: (.) wie sagt man denn
(.)" (Transkript Farmer B, Absatz 11)
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CONCEPTION OF LOCAL CARBON MARKETS CONNECTING FARMERS AND COMPANIES: SOCIO-ECONOMIC
OUTLINES OF INNOVATIVE SCHEMES
Thareau, B.3, Seyni, N.?, Coisnon, T.¢, Dupraz, P.¢

*ESA, UP LARESS

®INRA, UMR SMART-LERECO

¢ Agrocampus Ouest, UMR SMART-LERECO
4INRA, UMR SMART-LERECO

Introduction

Various environmental policies promote the implementation and maintenance of hedgerows such as
those within the framework of the agri-environmental contractualisation of the common agricultural
policy (CAP), or planting support programmes run by local authorities. In context of the rise of "market-
based policies", voluntary carbon markets appear as a possible way of valuing environmental carbon
storage services. However, agriculture makes a modest contribution to compensation projects: 22% of
the respondents surveyed by Tronquet (2017) say they compensate through agricultural projects, while
38% of the respondents would like to do so.

In the West of France, one of the important levers of carbon storage is the maintenance of hedgerows.
Indeed, the French environmental public agency (ADEME) has identified hedgerows as one of the
various ways to mitigate greenhouse gas emissions, particularly through carbon sequestration, in
addition to other ecosystem services, including preventing erosion, the regulation of water flows and
the improvement of biodiversity and landscape quality. This importance is endorced in the greater
western region of France, particularly in the Pays de la Loire and Brittany areas where hedgerow
conservation is paramount (ADEME, 2015). These claims in regard to the importance of hedgerows for
carbon sequestration are also supported by research conducted on hedgerows, which has shown that
the carbon stocks in soils observed in the vicinity of a hedgerow are higher than those observed in
cultivated plots (Follain et al., 2007; Lacoste et al., 2015). Three reasons were given: (1) carbon inputs
from the hedgerow's perennial vegetation are greater than those for annual crops, whose biomass is
often partly exported; (2) deep mineral soil horizons below the hedgerow have a significant organic
matter content relating to significant biological activity in the entire root depth of trees; (3) in situations
subject to erosion, hedgerows can limit soil and carbon loss associated with eroded particles. Recent
research measured the storage potential of hedgerows in the West of France (Pays de la Loire and
Brittany). The research confirmed the estimations previously proposed by Pellerin et al. (2013) of
approximately 0,5 TeqC0?/100m/year for mixed hedgerows (in aerial, roots and soil compartments).
This level of storage varies greatly in relation to the plant species composition of hedgerows, the age of
hedgerows and the level of initial carbon stock in the soil (Viaud and Gautier, 2019). However, despite
previous public and local policies intended for the maintenance of hedgerows, hedgerow length is still
decreasing. The challenge of this study is therefore to find new ways to promote the maintenance and
creation of hedgerows by farmers. Our project, therefore, examines the conditions for the development
of volontary local carbon markets as a new way to enhance hedgerow maintenance and to mitigate
climate change.

Carbon markets: singular schemes in agroecological transitio

Our project thus begins with an ambition to introduce new ways of enhancing hedgerow management
in rural territories of Western France. But this ambition is far from new. As McCollin (2000) states,
concern regarding hedgerow maintainance arose in the early part of twentiest century: following the
American dustbowl episode, the focus of early conservation measures was often on the soil (and the
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microclimate effect of hedgerows as shelterbelts). Biodiversity started to become a key issue supported
by conservationists in the 1970s. Meanwhile, a variety of arguments were discussed such as the visual
benefits of hedgerows, and more recently the agronomic, zootechnic and economic benefits regarding
grass and crop production or animal welfare. The role of hedgerows in carbon sequestration is of recent
interest. If the concern for climate change mitigation emerged at the end of the last century, the
identification of the maintainance of hedgerows as a key landscape component in climate change
mitigation only emerged recently: in France, the publication of an INRA study in 2013 on the effect of
agricultural practices on climate change mitigation has been a starting point. The authors estimate that
the development of hedgerows on agricultural land could allow for 1.2 MTeqCO2 to be stored by 2030
in France, placing this measure at 10th rank of the 26 measures studied (Pellerin and Bamiére, 2013).

At the same time, public schemes concerning the hedgerow management issue have evolved. Until the
1990s, in France as in other European countries, the state assigns rural management strategies to
landowners and farmers (McCollin, 2000; Thareau and Billaud, 2014). In the 1990s, European legislation
invested environmental issues, demonstrated by the establishment of the first agri-environmental
measures. In France, the 2000s were a period of reinforcement of the role played by local communities
in the animation of territorialized environmental projects (Thareau and Fabry, 2013). It was at this time
that the first territorial climate projects emerged (2004). In 2009, the French State created a pivotal
role for large local authorities with regard to local environmental policies: it extended their area of
competency into the field of climate and biodiversity (Bertrand, 2013). However, local authorities have
not yet integrated carbon offsetting into their policies to fight climate change (ADEME 2016).

In this context, carbon markets may be a unique mechanism for agriculture, particularly because they
are a market-based instrument which could instigate private corporate investment, particularly in a
political landscape dominated by a contractual logic between the French State or Europe and farmers
(for example, AEMC for maintaining the hedgerows), public investment (such as, planting subsidies from
local communities), or coercitive policies to protect hedgerows (for example, urban planning).

Research suggests that environmental innovations in the agricultural sector have been embraced,
mainly as a result of CAP (AEM) Agri-Environmental Measures and subsidization. Research demonstrates
that farmers' willingness to participate in agri-environmental schemes varies according to factors such
as the duration of the contract, time spent on non-operational aspects, the level of payment, technical
assistance, flexibility in relation to the requirements of the scheme and flexibility with regard to the area
included in the project (Ruto et Garrod, 2009; Espinosa-Goded et al., 2010; Christensen et al., 2011;
Siebert et al., 2006). The involvement of companies in an environmental scheme, have been studied in
relation to corporate social responsibility (CSR) measures. Organizational factors influence a company’s
commitment decision: size of the company, age, sector of activity and degree of innovation. Individual
issues (gender, age, sensitivity and emotional commitment of the manager) are also deciding factors
when it comes to adhering to a CSR policy (Cabagnols et Le Bas 2006; Labelle et St-pierre 2010; Spence
et al 2007, Gherib, 2006). Some authors interpret a company’s commitment to sustainable
development or CSR schemes as an attempt to enhance their image and gain a more competitive
advantage (Cabagnols, 2006). Others seem to act for ethical reasons, environmental image or to
anticipate future regulations (Chenost et al, 2010).

Some research explores more innovative schemes and questions the effects of these schemes on
stakeholder involvement. Various forms of payment for ecosystem services are explored. They
demonstrate that the conditions of some schemes do influence stakeholder involvement: the strong
involvement of an intermediary and trusting relations within the farming community (Mariola, 2012).
Schirpke et al. (2017) show that to succeed, these schemes should benefit from public support, and
involve human resources to conduct a participatory process. This process should be inclusive for all
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types of stakeholders, to understand and consider stakeholders’ values and objectives, to identify local
dynamics, and to eventually, produce trust. Lockie (2013) underlines that the success of schemes such
as cap and trade regimes in GHG emissions depends on the legitimacy of the scheme : the sucess relies
on a clear understanding of the ecosystem services in question as well as a transparent, robust and
broadly accepted institutional and regulatory framework for monitoring and trading.

This review underlines the role of contract or scheme characteristics in the involvement of stakeholders.
Our project focuses on a proposition of volontary carbon markets. Such carbon markets relating to
agriculture are not yet established in France, and therefore, the commitment from companies, farmers
and local authorities remains uncertain. Our research aims to specify the outlines of such schemes to
favour stakeholders involvement.

Method

Our research focused on three categories of stakeholders - farmers, companies and local authorities -
regarding the objective and conditions of participation in a carbon market. For this, we conducted in
2018 and 2019 a survey of 88 respondents in 3 territories of Western France (22 companies and 45
farmers and 21 local authorities) to measure and explain their preferences. The results of this survey
were consolidated into 3 focus groups comprising businesses, local representatives and farmers.

Measuring relative preferences for an innovative scheme

To enable respondents whose understanding of the carbon sequestration potential of hedgerows is
minimal, to invest into little-known carbon market schemes, we chose : i) to provide information on the
carbon sequestration potential of hedgerows and carbon market schemes before and during the
interview; and ii) to propose scheme scenarios and to test respondents' preferences for possible
alternatives.

Three different questionnaires were designed and submitted to the three categories of respondents.
Each questionnaire was structured into four sections: (1) the characteristics of the respondent and the
entity (farm, company, community), their relationship to the environment and climate mitigation
strategies, (2) their knowledge of hedgerows and the carbon market, (3) their preferences towards
different possible systems, evaluated on the basis of a set of cards based on the Discrete Choice
Experiment (DCE)>’ method, and finally (4) the reasons for their preferences according to the different
attributes of the system. The first three themes were mainly addressed through closed questions, the
fourth was mainly addressed through open questions.

Several analytical methods were used to process the data collected. They consisted of statistical
analyses of quantitative and qualitative data (AFCM, discrete choice methods) and qualitative analyses
of responses to open-ended questions.

A sampling of respondents affected by hedgerows or the climate

The aim of this sampling method was to test the possibility of creating a carbon market and its potential
characteristics, even though the respondents were more inclined to engage in the scheme.. We,

57 A method introduced by Louviére (1983) in environmental economics to assess the value of a property via its
attributes or characteristics.
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therefore, constructed reasoned sampling based on two criteria for farmers (belonging to the study
areas and prior participation in bocage or agri-environmental projects), two criteria for companies (link
to the target territories, and commitment to a diagnosis or carbon offset approach), and two criteria for
local authorities (link to the target territories and field of activity: agriculture, climate energy or
environment). We sought to favour respondents who had initiated climate or agro-environmental
initiatives in these three categories of respondents.

Table 1: Distribution of the sample by study area

Territories Farmers Companies Local Authorities
Pays des Mauges 18 9 4

Pays du Roi Morvan 16 2 5

Pays de la Vallée de la Sarthe 10 1 3

Outside territories 1 10 9

Total 45 22 21

The farmers surveyed are mainly male (91%), aged around 50 years old with education levels varying
between secondary school and higher education. Farms have an average agricultural area (UAA) of 107
ha. A third of the respondents have obtained organic certification and more than 77% of them have
already participated in other environmental schemes (AEM, tree planting program etc.). This sample
therefore corresponds to farms larger than the average in Western France (about 65 ha in Brittany and
Pays de la Loire in 2017), and farmers more involved in environmental schemes (about 8% of farms are
AB certified in these same regions in 2017).

The sample of companies is dominated by males (68%), relatively young (41% are under 40 years of
age) with high levels of education (Masters degree level represents 68% of the respondents). The
companies surveyed are divided between SMEs (nearly 41% or 9/22), FTEs (36%) and large companies
(22%). There are no microenterprises with less than 10 employees. This sample therefore over-
represents medium to large companies at the expense of companies with less than 10 employees.
Indeed, at the national level, 96% of companies, excluding financial activities and insurance, are
microenterprises, while large companies represent less than 1% of them (Insee, 2017). More than 80%
of the companies surveyed say they have carried out a diagnosis of their greenhouse gas emissions and
undertaken actions to reduce their carbon footprint.

The sample of local authorities is composed of 10 elected officials and 11 agents. They are in charge of
energy, sustainable development or climate issues (33% of them) or involved in agricultural and agri-
food issues (33%). They are elected or agents of the intermunicipalities of the survey areas, of the
municipalities, or for a third of them, of other communities (nearby agglomerations, departmental
councils). They are mainly male (71%). The levels of education are generally high since a Masters degree
represents more than half of the sample. More than 60% of the local authorities surveyed did not carry
out a greenhouse gas (GHG) emissions diagnosis, but 60% of the local authorities carried out a bocage
diagnosis, which illustrates the interest shown in bocage hedgerows.
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Survey areas characterized by the density of hedgerows, the pre-existence of hedgerow projects and the
importance of livestock farming.

The three territories surveyed are included in the two regions of Brittany and Pays de Loire. These
territories were chosen for their determination on energy and climate transition issues, which is
reflected in the fact that these three have set up a Climate Local Policy, but also for their longstanding
work on bocage and carbon storage. Agriculture is very important in these three rural territories with
important production capacities. Production is generally oriented towards livestock (mainly dairy
farming), poultry and pig farming (Table 2).

Table 2: Summary of territory characteristics studied

Territories Pays des Mauges Pays du Roi Morvan Pays de la Vallée de la
Sarthe
Number of | 121 000 26 500 78 000
residents
Surface Area | 1315 763 1104
(km?)
UAA (utilized | 141 5980 43 801 413900
agricultural area)
in ha
Hedgerows 10 343 4314 5098
length (km) (in
2011)
production Livestock farming Livestock farming Livestock farming
orientation
Policies in place -Circular economy - Territorial Climate-Air- | - Territorial Climate-Air-
L . , Energy Plan initiated in | Energy Plan initiated in
- Territorial Climate-Air-
. .| 2010 2009
Energy Plan, initiated in
2003 - Hedgerow plantation | - CEP (Shared Energy
o programs  (2003-2006 | Advisor)
-PAT  (territorial food and 2011-2013)
program)

Results
High commitment linked with different views of local carbon markets

The first challenge of our survey was to measure the interest of the respondents in a local and voluntary
carbon market scheme. Although we had chosen respondents a priori concerned with maintaining
hedgerows or with climate change issues, (which would tend to increase interest in our proposal), many
of these respondents had already invested in hedgerow plantations or climate change systems (more
than three-quarters of them). It was therefore, far from certain that they would be interested in testing
a new type of mechanism.
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After describing the characteristics and main features of a local carbon market for hedgerows, we asked
them: "Would you be willing to engage in this type of scheme?”. Nearly 80% of respondents want to get
involved, regardless of the type of individuals involved.

The motivation behind the respondents’ commitment highlights the signification of such a scheme
Local authorities see this scheme as a way to increase support for hedgerows preservation. The multiple
advantages of the scheme, particularly in terms of ecosystem services (preservation of biodiversity and
landscape quality, and therefore quality of life), appear to influence their commitment. Local authorities
also underline the importance of these schemes in relation to stakeholders who are encouraged to
engage in climate and environmental issues, and in order to generate added value for the territory itself.
These respondents more often project themselves as intermediaries in the market, only a third imagine
themselves as intermediaries and buyers of carbon credits. For companies engaging in a carbon offset
market, this allows them to be part of a virtuous environmental approach and to establish their
territorial anchorage, in addition to economic interests and positive spinoffs in terms of the company's
image. Farmers mainly see it as an opportunity to better remunerate hedgerow maintenance, which
many already do. Some are also motivated by environmental and climate ambition, by the possibility of
increasing their social recognition, and to improve their hedgerow management. Respondents who are
hesitant or unwilling to engage in this scheme mainly say they lack information on the scheme (cost,
relevance, interests, actors involved) in order to be able to give their opinion.

A shared ambition to combine different environmental benefits: carbon storage, biodiversity, water
quality, landscapes.

The objective in these voluntary markets would of course be carbon sequestration. However, the
definition of this objective can be clarified according to different dimensions, including the
consideration of environmental co-benefits and the inclusion in the contract of requirements
concerning the practical modalities of carbon sequestration.

We have chosen to measure respondents’ preferences for different qualities of carbon credits through
three indicators:

Affiliation to environmental co-benefits was measured by assessing the preferences of respondents
between two types of hedgerow: mixed hedgerows are presented as hedgerows that moderately store
carbon, but generate multiple environmental co-benefits (biodiversity, landscape, water purification,
erosion control) and coppice hedgerows are presented as those which store more carbon but generate
fewer environmental co-benefits.

- The duration of farmers' commitment (5, 15 or 30 years),

- The proportion of hedgerow length managed by the farmer: either all the hedgerows present on the
farm, or part of his hedgerow length, with the possibility of changing them (moving, grubbing up,
replanting).

Our survey shows a strong preference, from all types of respondents, for hedgerows with environmental
co-benefits. 71% of respondents say they prefer this modality when only 11% say they prefer coppice
hedgerows. This preference is supported by the statistical analysis of the DCE (Discrete Choice
Experiment). For all types of respondents, this preference is explained by the perceived importance of
other environmental issues: biodiversity in particular for companies, water in particular for local
authorities, aesthetics and biodiversity for farmers. Preference for mixed hedgerows is also linked to
the desire to maintain existing types of hedgerows on farms or in the area and to implement previous
hedgerow projects or policies (communities, farmers). Finally, farmers are interested in the economic
co-benefits associated with mixed hedgerows: wood production and valorization.
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Preferences are more heterogeneous with regard to the duration of the engagement and hedgerow
length to be managed. A small majority of respondents prefer a 15-year commitment period, with very
mixed responses for hedgerow length. We can thus distinguish four types of preferences concerning
the contract objective.

- The whole length of a mixed hedgerow: The aim here is to support the creation or improvement of
mixed hedgerows, during a 15-year contract which covers the entire length of a farmer’s hedgerow.
This contract is in line with previous projects and practices. For these respondents, it is a question of
proposing a contract that is consistent with the ambition of storage in the medium or long term, with
hedgerow maintenance cycles. The commitment of the entire length is a guarantee of maintaining
hedgerows (for local authorities) and securing the scheme (for companies), whose main fear is that
farmers will continue to pull up trees. Farmers consider that it is coherent and interesting to think
globally about the management of hedgerows on their farm, and that the commitment of the entire
length is a guarantee of administrative simplicity.

- Flexibility concerning mixed hedgerows: here too, it is a question of giving priority to the creation or
improvement of mixed hedgerows, but this time the respondents prefer 5 or 15 year contracts and give
priority to the possibility for farmers to lease only part of their hedgerow length or to be able to move
the committed hedgerows. The aim is to enable farmers to commit themselves in stages, to test the
scheme, but also to adapt it to changes on their farm, by allowing adjustments to the contractualised
hedgerow length and by maintaining a certain freedom to manage their entire hedgerow length. This is
the preferred contract for all categories of respondents. However, companies highlight the importance
of implementing precise control over hedgerow length developments.

- Strong commitment regardless of the type of hedgerow: respondents who prefer a long contract tend
to also prefer a total commitment of the hedgerow length. Farmers who prefer these contracts also
want to create new hedgerows and not just improve on or manage existing ones. Respondents think it
would be desirable to propose a highly engaging scheme to strengthen its credibility (companies, local
authorities) and its impact in the fight against climate change. Farmers also underline that they do not
plan to remove hedgerows, with or without contractualization. Finally, some mentioned the
environmental challenge of maintaining ecological continuity, which justifies the use of the whole
hedgerow length.

- Partial coppicing: this fourth type of contract is the only one that favours coppice hedgerows, over
commitment periods of 5 or 15 years and management of only part of thehedgerow length. For these
respondents, the challenge of rapidly storing carbon is a priority and in this respect justification lies in
supporting the most efficient hedgerows only. For farmers, it is also the contract that appears to be the
most profitable. In any case, the flexibility of the length of hedgerow system used makes it possible to
adapt to the challenges facing farms, but also to other measures to fight climate change that could be
developed, such as land exchange.

For the three variables tested, the level of indecision (cumulative non-response and "don't know"
responses) is high, particularly for the sub-population of local authorities. Respondents explain that they
do not feel competent to arbitrate, or that they consider that farmers should be given the choice to
adapt as best they can to their situations. It also concerns respondents who are not interested in the
scheme (farmers, local authorities).
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Tab 3: Preferences for contract types according to the respondents surveyed

Farmers Local authorities Companies Total

Eff. % Obs. Eff. % Obs. Eff. % Obs. Eff. % Obs.
The whole length of a mixed hedgerow 16 36,40% 2] 10% 3 13,60% 21 24,40%
Flexibility concerning mixed hedgerows 15 34,10% 10, 50% 8| 36,40% 33 38,40%
Strong commitment regardless of the type of hedgerow 6 13,60% 1] 5% 4 18,20% 11 12,80%
Partial coppicing 2 4,50% 2 10% 4 18,20% 8 9,30%
Undecided 5 11,40% 5 25% 3| 13,60% 13 15,10%
Total 44 100% 20 100% 22 100% 86|

p-value =0,13 ; Khi2 = 12,41 ; ddl = 8,00

These preferences are different according to respondent type (Tab3). In particular, it should be noted
that company preferences are more dispersed than for the other cate gories and that more community
respondents are willing to give farmers some flexibility.

Four preference categories relating to the socio-economic attributes of the scheme

We hypothesized that the conditions under which the voluntary carbon market mechanism was
organized influenced the respondents' desire to engage in it and their willingness to pay or receive. We
therefore asked the various respondents to give us their opinions on a set of possible scheme
characteristics: the nature of the intermediate actor within the market and the methods of control, but
also traceability (in a "traced" market, buyers identify carbon as coming from a group of farmers in a
given area, and in return, these farmers know their buyers and each of the stakeholders), the possibility
of benefiting from technical support, the nature of carbon credit certification and finally the way the
price is constructed (indexed to another carbon market, at hedgerow maintenance cost or not indexed).

Respondents generally agree on the interest of implementing a traced market. 71% prefer this modality
compared to only 8% who prefer an untraced market. Local authorities and companies underline the
importance of traceability in creating links between buyers and sellers, facilitating the monitoring and
control of the action and making it possible to communicate with employees or customers of
companies, by directly involving farmers. For farmers, this facilitates local recognition of their
commitment to climate change issues. Some farmers prefer an untracked market. In this case, they
consider that traceability is unnecessary since, on the contrary, the aggregation of carbon credits at a
regional or national level makes it possible to simplify the scheme, reduce transaction costs or facilitate
access to the market.

For the other characteristics, the preferences appear more contrasted, we distinguish four desirable
profiles:

Local development system. The voluntary market would strongly involve a local organization as a central
actor in its governance. Control could mobilise buyers and sellers through a participatory guaranteed
system. As the aim of the scheme is to support better management of hedgerows, it seems important
here that there be technical support and that the price paid to farmers be indexed to the costs of
maintaining the hedgerow.

- OTC contracts between companies and farmers in a simple and inexpensive system. To implement a
local carbon market, it must be simplified. Systematically, these respondents prefer uncomplicated
forms of governance (no certification, no technical support), the preference is oriented towards a direct
contractualization between companies and farmers and for this a link to a private intermediary is
appropriate.

- National aggregated environmental public policy scheme. The local roots of the market and its
traceability are of little importance to these respondents. The focus is on ensuring the implementation
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of reliable and credible storage practices, including certification and technical control. The State appears
to be the right intermediary for this mechanism.

- A local supply traced within the international carbon market. For these respondents, the voluntary
carbon markets resulting from hedgerows must be able to integrate into international markets. To do
this, the price must be indexed to international prices. Nevertheless, companies want to be able to buy
locally and farmers want to rely on a local collective and make their area and region benefit from the
scheme. Finally, these respondents are concerned about the credibility of the system: for this, they
prefer a control that doubles the photo-interpretation of a technician's visit, they are committed to
setting up a reliable and serious certification system (international or national).

Table 4: Preferences of the different categories of respondents according to scheme type

Acteur

Farmers

Local Authorities

Companies

Total

Classe

Eff.

% Obs.

Eff.

% Obs.

Eff.

% Obs.

Eff.

% Obs.

Local development system

OTC contracts

local supply within the international
carbon market

National public policy scheme

15
8

10

11

34%
18%

23%

25%

16
4

0

0

80%
20%

0%

0%

8
8

5

1

36%
36%

23%

5%

39
20

12

45%
23%|

17%

14%

Total |

44

100%

20

100%!

22

100%

86

p-value = < 0,01 ; Khi2 = 21,70 ; ddl = 6,00

The stakeholders' preferences for these different types of schemes are very much shared, particularly
for companies and farmers (Table 4).

Discussion - conclusion

Our research aimed to test the opportunity to implement voluntary carbon markets to support the
maintenance of hedgerows, in a context where a diversity of bocage support systems already exist (at
national and local scales). It then aimed to clarify the form that these contracts could take.

A market involving a set of environmental services

The first significant result is that most of the respondents surveyed are interested in this type of
measure. They prefer to enter a market that values mixed hedgerows. This result should be considered
with caution as it concerns a statement of prospective intent and is based on a selected sample of
respondents interested in our objective. Nevertheless, this result is confirmed by the analysis of the
Choice experiment associated with this survey, which succeeds in identifying a potential price range for
trading carbon credits from hedgerows; then by the results of the three focus groups according to the
territories, in which the respondents have highlighted that they are ready to commit to the
establishment of local carbon markets.

The interest in this new device is based on a diversity of motivations (technical, economic,
environmental and social), which reflect the differences in the points of view of the stakeholders
interviewed. However, for the majority of them, the scheme should promote hedgerows which produce
a diversity of ecosystem services (ecological, landscape, water-related), even if this means limiting the
efficiency of the service in terms of carbon storage. This reflects a desire to integrate this scheme into
the continuity of prior commitments (local authority policies, agricultural practices). Stakeholders thus
participate in a form of erasure of the climate objective in the face of the ambition of environmental
coherence, which constitutes a way of managing environmental injunctions which is often seen as
contractictory by the respondents (Thareau et al., 2014). Stakeholders, and in particular farmers, also
participate in strengthening inertia in regard to local action, which is traditionally observed in public
policy analyses (Bertrand, 2013). It should be noted that it is within companies that we encounter the
highest number of respondents concerned about the climate efficiency of the scheme, even if it means
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transforming local landscapes and practices. Less rooted in agri-environmental schemes, companies can
be drivers of transformation in local practices.

A variability of preferences related to contract

Our results distinguish four types of preferences regarding the objective of the contract. The contract
which is preferred by all types of respondents, is flexible (in terms of duration of engagement and
hedgerow length engaged), this result correspondswith research conducted on farmers' commitment
to agri-environmental schemes (Ruto and Garrod, 2009; Espinosa-Goded et al., 2010; Christensen et al.,
2011). We assumed that preferences for short and flexible contracts would be more asserted by farmers
than by buyers or local authorities. However, we observed the opposite: farmers, more than other
types of respondents prefer binding contracts. Companies and especially local authorities prefer more
flexible contracts. The farmers' point of view is explained on the one hand by the fact that the majority
of them have already developed important hedgerow lengths and the scheme would make it possible
to finance pre-existing practices; on the other hand, they wish to ensure the credibility and robustness
of the market via the terms of the contract while limiting the administrative complexity of the scheme
(this ambition of administrative simplicity is in accordance with the literature). On the other hand,
companies and local authorities see the scheme as leverage to engage new farmers in the
implementation of hedgerows, by proposing conditions of engagement that allow them to test the
market. This enables the facilitaion and enrolment of the highest possible number of farmers thus
increasing the effectiveness of the scheme. From their point of view, the credibility of the market must
be ensured by the attributes of the scheme.

A variabilty of preferences in relation to the scheme

Our research identifies four forms of schemes which are desirable from the respondents' perspective.
Except for local authorities who largely prefer a "local development system" type, in which they would
play a decisive role in the governance of the scheme, the other respondents have more fragmented
preferences. They are partially linked to the respondent’s experiences: farmers are more interested
than others in schemes characterised by high intermediation that provides technical support and robust
public certification of the effectiveness of the environmental service. These scheme attributes resemble
the AEMs largely mobilized by these farmers. Companies prefer market driven or OTC contractual
mecahnisms which are easily integrated into their business practices. The compatibility of the scheme
with system, values and practices, in addition to respondent experience, helps to explain their
preferences (Gherib, 2006; Spence et al, 2007)

What is at stake in repondents’ preferences is the way in which trust between the parties and the
credibility of the scheme are organised: via a direct and local link in local and over the counter
development schemes, or via national or international institutions in the international and national
market schemes. What is also at stake is the efficiency and cost of the scheme. Some respondents
prefer to limit these costs and mainly pay for the ecosystem service itself, whereas others believe that
the success of the device will rely on a consistent investment in governance tasks, which could be partly
suypported by public investment via local authorities” budgets. Finally, the respondents' preferences
also reflect visions of the system's anchoring in political strategies at different scales: at the level of
companies only (willingly), in the context of territorial projects (local development) or finally in relation
to national policies, created or not created in the context of the COP (national mechanism and
international market). This anchoring contributes to the legibility and recognition expected, particularly
from farmers.

474



IFSA 2022

Surprisingly, the objective to find new connections between farmers and enterprises in a local and
communitarianism scheme seems more affirmed by companies than by farmers. With regard to
companies; firstly, it is motivated by the ambition to control the implementation of storage measures;
secondly to be able to report, in particular to their employees, on the company's territory-specific
commitment; and finally, by the desire to strengthen commercial relationships with their suppliers
(Tronquet et al., 2017).

Inertia and renewal of transitional measures towards agro-ecology

Our research aims to suggest the development of an innovative scheme for the valorization of
ecosystem services. However, it also highlights a certain inertia in the preferences of farmers and of
local authorities (with regard to the objective and mechanisims of the scheme). In this proposed
scheme, companies are new players. With them, two major challenges are affirmed: the desire to
anchor the system in the territories via direct links between buyers and sellers and the ambition of
measurable climate efficiency. These ambitions are factors for renewal and social innovation in a
context of a profusion of agri-environmental measures to maintain hedgerows. These local carbon
markets could make it possible to create mixed workspaces in the evolution of agricultural models and
practices, which mobilize new stakeholders (companies), and which seem to be able to contribute to
improving knowledge and recognition of the role of farmers in their territories.
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MAKING THE AGROECOLOGICAL TURN: IDENTIFICATION OF FARM-LEVEL SOCIOTECHNICAL ADOPTION
FACTORS AND DETERMINANTS
Anda Adamsone-Fiskovica, Mikelis Grivins

Baltic Studies Centre, Latvia

Abstract: The European Green Deal, which strives to move towards environment- and climate-friendly
farming, stipulates a number of agroecological measures to reach this ambition. Some of the proposed
technologies include intercropping, catch-crops, and green manure application on farms, which are
practically feasible for the introduction of sustainable soil management in horticulture. However, until
now their uptake has been quite limited despite the demonstrated effectiveness.

The current research aims to systematically review the current state of the art of research and
knowledge with regard to the factors that influence the adoption or non-adoption of the selected
technologies by farmers. The search of peer-reviewed articles published in 2010-2020 was carried out
in the Scopus and Web of Science databases. Based on a set of keywords, a total of 122 unique articles
were retrieved for initial scanning for relevance, with the list subsequently narrowed down to 63 articles
retained for full-text reading.

There has been a gradual increase in the number of articles addressing the adoption of the selected
technologies over the decade. In terms of the geographic scope there is a considerable lack of studies
from Europe, with the majority covering Africa and Asia, as well as the USA. The selected technologies
are mostly addressed with reference to conservation agriculture, best management practices, climate-
smart agriculture, sustainable intensification, and organic agriculture. While there is a general lack of
theory-guided studies, the most frequently used ones are the Theory of planned behaviour and the
Diffusion of innovations theory. Empirical data collection methods cover a mix of qualitative and
guantitative methods, yet these are dominated by semi-structured or structured surveys focusing on
the correlations between the adoption and a set of variables.

Some of the initial observations show that factors studied by researchers include a diverse range of
internal and external ones spanning across agronomic, economic, technological, environmental,
political, social and psychological domains. While mostly the focus is on farm characteristics such as
farm size, land tenure, livestock ownership, irrigation system, soil quality, fertilizer use, as well as labour
force, income sources, loans/debts, along with farmer traits such as age, gender, education, farming
experience, employment status, there are studies also highlighting the role of farmer’s objectives,
motives, orientations, risk attitude, aesthetic values, cultural preferences, and social participation.
Other explored factors include information sources, availability inputs and credit, distance to market,
access to extension services, presence of policy incentives, not to mention place-specific climate and
weather conditions.
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