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ABSTRACT

Participatory action research involving farmers and researchers is crucial to enhance the adoption of
farming innovations and ensure the long term sustainability of agroecosystem restoration. However, the
factors for successful participatory research for agroecosystem restoration are not always clear and have
been rarely evaluated from the perspective of the subjects from whom change is expected. Despite the
increasing call for agroecosystem Living Labs, farmers are still seldom involved in structured and shared
co-monitoring and co-evaluation of farming innovations as part of participatory monitoring programs.
Therefore, we developed a participatory monitoring and evaluation project to evaluate the impacts of
regenerative agriculture between farmers and researchers in the Mediterranean drylands of Spain. Here we
present and evaluate the project outcomes by reporting farmers” monitoring results using a co-developed
visual soil assessment (VSA) manual, and by documenting farmers” evaluation of the VSA and other key
aspects of the participatory monitoring and evaluation in the third year since the beginning of the project.
Farmers” VSA results pointed out regenerative agriculture as a promising solution to restore degraded
agroecosystems in Mediterranean drylands with insights that are complementary to the scientific
monitoring. Farmers” evaluation of the participatory monitoring process revealed the need to enhance
farmers” support for implementation of VSA tools in initial stages, and to include farmers in the design of

VSA tools to adjust them to farmers” priorities, possibilities and needs. Farmers highlighted the



importance of the participatory monitoring and evaluation process to enhance knowledge exchange,
learning, and capacity building regarding soil quality management to adapt and adopt regenerative
agriculture. Our results confirm that including farmers in the design, decision-making and evaluation of
research projects for agroecosystem restoration is imperative to enhance efficient, sound and inclusive

transitions towatds long term sustainable agroecosystems.
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1 INTRODUCTION

Agroecosystem restoration is essential to support the livelihoods of millions of people wotldwide, protect
biodiversity, and contribute to adaptation and mitigation of climate change characterized by more extreme
weather events (Cherlet et al., 2018; Dubey et al., 2021; Sanz et al., 2017). Increasingly promoted farming
approaches for agroecosystem restoration, following the concepts of Agroecology and conservation
agriculture, focus on the restoration of soil quality as a basis to enhance the delivery of multiple ecosystem
services (Altieri et al., 2015; FAO, 2019; Kassam et al., 2019). Likewise, regenerative agriculture (RA) has
recently gained increasing recognition as a plausible solution to restore degraded agroecosystems
wortldwide (Giller et al., 2021). RA is a farming approach foreseen to reverse land degradation, increase
biodiversity, boost production and enhance the delivery of multiple ecosystem services (Rhodes, 2017,
2013) through the adoption of a variety of soil quality restoration practices under 4 main principles: 1)
minimize soil disturbance, 2) enhance soil fertility, 3) reduce spatial-temporal events of bare soil, and 4)
diversify cropping systems with integration of livestock (Elevitch et al., 2018; LaCanne and Lundgren,
2018; Rhodes, 2017). Despite the promising benefits of RA (De Leijster et al., 2019; Lujan Soto et al.,
2021), this farming approach has shown limited adoption in semiarid regions. Major reasons explaining
this seemingly incongruous mismatch are the scarce and contrasting empirical data proving RA
effectiveness (Lee et al., 2019; Palm et al, 2014), the lack of farmer involvement in agroecosystem
restoration projects and decision-making (Chinseu et al., 2019), and the generally slow response of soils to
management changes in semiarid regions, which may delay the appearance of visible results discouraging

farmers from adopting RA.



Participatory action research (PAR) involving farmers and researchers for agroecosystem restoration can
potentially overcome RA adoption barriers and ensure the long term sustainability of agroecosystems
(Cuéllar-Padilla and Calle-Collado, 2011; Guzman et al., 2013; Mapfumo et al., 2013; Pimbert, 2018; Stoate
et al,, 2019). PAR emerged in the 1970"s as an alternative to technocratic top-down research approaches
that have failed to involve farming communities into sustainable land management (Cuéllar-Padilla and
Calle-Collado 2011, Fals-Borda and Rahman 1991; Guzman et al,, 2013; Mendez et al., 2017). PAR
encourages horizontal modes of relations between farmers and researchers, active participation,
experimentation, joint reflection and the collective development of findings and conclusions to better
understand and resolve an issue of interest to all parties involved (Cuéllar-Padilla and Calle-Collado 2011,
Guzman et al.,, 2013, Mendez et al., 2017). Within PAR, participatory monitoring and evaluation (PM&E)
of the impacts of innovative farming approaches plays a central role to support adoption of innovations in
several ways. Most importantly, well designed PM&E processes can enhance farmers access to scientific
and local knowledge from different RA experiences, increase the insights in impacts of agricultural
innovation and progress towards restoration goals, and foster learning and the creation of relationships of
support and trust among stakeholders (De Vente et al., 2016; Lujan Soto et al., 2020; Reed et al., 2018;

Stringer et al., 2013; Vernooy et al., 20006, Sol et al., 2013).

We understand PM&E as a continuous iterative learning and adaptation process that involves intensive
local and scientific data gathering, testing, and facilitated joint discussion of results by farmers and
researchers. PM&E implies making use of different participatory activities and tools to facilitate the
involvement and interaction between participants in the whole research process, integrate different
knowledge and experiences, reduce power imbalances and foster critical evaluation. Previous PM&E
expetiences have shown multiple benefits of improving both project processes and outcomes (Cardoso et
al., 2001; Funder et al., 2013; Masset and Haddad, 2015; Vernooy et al., 2000). It is expected that involving
farmers into PM&E of the impacts of RA would enable social learning (Masset and Haddad, 2015),
support capacity building (Vernooy et al, 2006), enhance farmers” sense of ownership of the PM&E
project (Cardoso et al., 2001; Funder et al., 2013; Vernooy et al., 2006) and increase the confidence in the
farming innovation leading to increased adoption and efficiency (Masset and Haddad, 2015). Especially in

the case of innovations like RA in semiarid regions for which no immediate results are expected for crucial



aspects like crop yield (Lujan Soto et al., 2021) PM&E can be particularly important to help identify and
exchange experiences with other farmers regarding small changes in functionality of agroecosystems that
help them see the return of their restoration efforts. Nonetheless, quite a few studies reporting PM&E
experiences have warned that the results generated by PM&E are context dependent and might be
influenced by multiple factors including the social-economic and political situation of the place where
research takes place, the availability and access to resources, the local culture, the research design, and the
attitudes, interests and abilities of the various stakeholders involved, including the researchers (Cardoso et

al., 2001; Funder et al., 2013; Masset and Haddad, 2015; Vernooy et al 2006, Rahman 2019).

Despite the increasing call for agroecosystem Living Labs and transdisciplinary approaches involving
farmers, researchers and other stakeholders in the co-design, co-monitoring and co-evaluation of
agricultural practices to expedite the transition towards sustainable farming systems (FAO, 2019; McPhee
et al,, 2021; Veerman et al., 2020), farmers are still seldom and hazily involved in structured PM&E
programs, undermining the potential success of restoration efforts. In PM&E, participants are the ones
who track the progress of the project, analyze and discuss collected information, and identify constraints
and potentialities in order to decide the appropriate actions needed to improve project outcomes (Estrella
et al.,, 2001; Estrella and Gaventa, 1998; Lujan Soto et al., 2020; Vernooy et al., 2006). Essential to this
process is that farmers undertaking the innovative activities are the ones who decide on what should be
monitored and evaluated, which data should be collected, and how this should be done and combined

with possible monitoring performed by scientists (Cardoso et al., 2001; de Olde et al., 2016).

Visual soil assessment (VSA) tools have been broadly promoted to facilitate PM&E of the impacts of
sustainable land management on soil quality by farmers (Ball et al., 2017; Milgroom et al., 2006; Nicholls et
al., 2004; Shepherd et al., 2008; Shepherd, 2000). VSA tools are user-friendly tools destined to assess soil
management effects and provide soil management recommendations to improve agroecosystem
sustainability (Ball et al., 2017; Milgroom et al., 2007; Triste et al.,, 2014). VSA tools can be used to
monitor soil quality, to identify constraints for soil functioning, to detect eatly stages of degradation and
restoration (Ball et al., 2017; Lujan Soto et al.,, 2020; McKenzie, 2013) and is a valuable addition to

technical soil analyses (Ball et al., 2017; Lujan Soto et al., 2020; McKenzie, 2013). Furthermore, VSA tools



have been spotlighted as a mean of communication between stakeholders to exchange knowledge on soil
and agroecosystem quality, since they allow systematizing a wide diversity of information into a simple,
visual, and familiar language to most people (Ball et al., 2017; Lujan Soto et al., 2020; Triste et al., 2014).
Despite the multiple benefits from VSA tools, concerns about VSA tool adoption by intended users, and
thus ensuring potential benefits, have recently arisen (Coteur et al., 2020; de Mey et al., 2011; de Olde et
al., 2018, 2016; Gasparatos, 2010; Triste et al., 2014). Although the factors influencing VSA tool adoption
are contextual and might vary from case to case, the development process of VSA tools explained the lack
of adoption in previously developed tools (Coteur et al., 2020; de Mey et al., 2011; de Olde et al., 2018;

Triste et al., 2014).

Both, experimentation of sustainable land management approaches by farming communities, and impact
assessments of such approaches, including RA, lag significantly behind their promotion (Chaffin and
Gosnell, 2015). In like a manner, evaluating the success of projects promoting adoption of SLM
approaches have frequently responded to the needs of project implementers and donors, and rarely
included the perceptions and experiences of those subjects from whom land management change is
expected, and which can be of great help to decide appropriate actions to improve project outcomes
(Cardoso et al., 2001; Veernoy et al., 2006; Stringer et al., 2014; Jemberu et al., 2018). In PM&E projects,
agroecosystem restoration is considered successful when progress is made towards achieving
agroecosystem restoration targets through a learning-based (adaptive) decision process (Chaffin and
Gosnell, 2015). In particular, in PM&E for agroecosystem restoration, farmers” own evaluation of
progress provides crucial insights as part of a continuous iterative co-development process to increase the

efficiency of restoration interventions.

The goal of this study is to present the outcomes of a PM&E project grounded in farmers” VSA of RA
impacts in the Mediterranean drylands of Spain, and evaluate the PM&E process itself based on farmers’
insights. By drawing on, and discussing, farmers' insights we further aim to: 1) improve the understanding
of RA impacts to support its large-scale adoption, and 2) enhance the design of PM&E processes based
on the VSA of farming innovations for the benefit of future restoration and farming innovation initiatives.

To achieve these goals, we present farmers results on RA impacts based on VSA, discuss factors



hampering and stimulating VSA tool adoption in the PM&E project, and provide recommendations for

practitioners to improve PM&E outcomes.

2 MATERIALS AND METHODS

2.1 Study area

The high steppe plateau of the semiarid southeast of Spain has attracted increasing attention in recent
years for its advanced state of degradation and vulnerability to climate change, and its high restoration
potential (Commonland, 2020; Martin-Arroyo, 2019). Rainfed almond farming occupies the largest area
destined for woody crops in the high steppe plateau (Cruz Pardo et al., 2010). Tillage intensification (Clar
et al., 2018), removal of soil erosion barriers (Bellin et al., 2009), overexploitation of the limited existing
water resources (Molina et al., 2009), the near to total disappearance of sheep farming (Toro-Mujica et al.,
2015), and land use change from forest to cereal cropping and to woody crops (Cruz Pardo et al., 2010)
are major human drivers causing land degradation in the region (Garcfa-Ruiz, 2010). The decreasing
production potential of rainfed farming has resulted in land abandonment and loss of economic
prosperity (van Leeuwen et al., 2019). Together with human activities, the climatic and biophysical
conditions of the region play a major role exacerbating land degradation and related soil erosion processes.
The climate is semiarid Mediterranean with long periods of drought of about 330 days per year, and
average mean annual precipitation of 350 mm concentrated in few torrential events (Cruz Pardo et al.,
2010). Predominant soils are Calcic Cambisols, Calcic Regosols and Leptosols (FAO classification) of

highly erodible nature, covering about 82 percent of the study area (Cruz Pardo et al., 2010).

2.2 Study context

In 2015 substantial efforts to counter land degradation and return the sustainability of agroecosystems in
the high steppe plateau began to materialize with the creation of the farmer association AlVelAl. Local
farmers pioneering in implementing RA practices created the AlVelAl farmer association with the support
of the Commonland foundation, business entrepreneurs, regional governments, and research institutions.
The AlVelAl association aimed to foster a large-scale adoption of RA in the high steppe plateau for
landscape restoration in a time frame of 20 years (Fewerda, 2015). Members of AlVelAl considered RA a

promising farming approach to restore the soil quality and enhance the functionality of the



agroecosystems in the region. However, the limited empirical information supporting RA effectiveness
(Lee et al.,, 2019), the lack of reference examples in the region, and the slowness with which visible
ecological restoration processes usually occur in semi-arid climates were considered major obstacles
hindering RA adoption. To effectively address this knowledge gap, support farmers and expedite RA
adoption required joining efforts between farmers and researchers, putting together local and scientific
knowledge to improve the understanding of RA. Farmers” visual soil assessment (VSA) of regenerative
agriculture impacts was considered key to foster farmer self-evaluation and self-reflection on individual
and community records and facilitate the exchange of information between farmers and researchers. The
improved knowledge and experience would help farmers in the decision-making towards soil restoration
and sustainable management objectives fit to their personal conditions, priorities and possibilities (Ball et
al., 2017; Triste et al., 2014). This was expected to enhance farmer ownership and community
empowerment to adopt and adapt RA, maximizing restoration success without the need of continual
technical support. To this end, we initiated a participatory research collaboration with the AlVelAl
association involving 12 pioneering farmers who were already implementing RA practices in the region
and who showed their interest in engaging in a PM&E project at their farms (Figure 1) (Lujan Soto et al.,

2020).
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Figure 1 Map of the territory where the AlVelAl association operates. Yellow lines define county borders within the autonomous

regions of Andalusia and Murcia; red dots represent the 12 farms of participating farmers involved in the participatory monitoring

and evaluation research project.



2.3 Development of a participatory monitoring and evaluation project

To evaluate the impacts of RA on soil quality between farmers and researchers we developed a
participatory monitoring and evaluation framework consisting in 7 phases (Lujan Soto et al., 2020). The
framework included various iterative feedback processes with participating farmers in order to detect, and
modify, aspects that could hamper and improve the monitoring process, and to increase the effectiveness
of the regenerative practices under evaluation (Lujan Soto et al,, 2020). Completion of all 7 phases
building on farmers” and researchers” learnings and insights, gives rise to a new monitoring and evaluation
cycle (Lujan Soto et al.,, 2020)(Figure 2). The major goal of this iterative participatory monitoring and
evaluation framework was to enhance knowledge exchange between farmers and researchers, to increase
the understanding of RA impacts on soil quality and agroecosystem sustainability, and thereby foster the
large-scale implementation of locally adapted RA practices. The 7 iterative participatory monitoring and

evaluation phases structuring the framework are:

Phase 1) Definition of research and monitoring objectives

Phase 2) Identification, selection and prioritization of Technical Indicators of Soil Quality (TISQ)
Phase 3) Identification, selection and prioritization of Local Indicators of Soil Quality (LISQ)
Phase 4) Development of a VSA tool integrating LISQ

Phase 5) Testing and validation of the VSA tool

Phase 6) Monitoring and assessment of the impacts of RA by researchers and farmers based on TISQ and

VSA results

Phase 7) Exchange of monitoring results between all involved participants, and joint evaluation of RA

impacts

Phases 1 to 5 were addressed during the first year of the research project starting in 2017, and results were
reported in Lujan Soto et al., (2020)(Figure 2). Results included the complementary information provided
by LISQ and TISQ for enhanced RA impact assessment, and the development of a VSA tool (“the farmer

manual”) integrating 16 LISQ that were identified, selected and validated by participating farmers in two



participatory workshops (workshops 1 and 2)(Figure 2). Phase 6, corresponding to the researchers” RA

impact assessment using TISQ, was addressed and results reported in Lujan Soto et al., (2021).
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Figure 2 Process roadmap outline depicting PM&E phases. Figure adapted from Lujan Soto et al., (2021b).

2.4 Evaluation of the participatory monitoring and evaluation project

In the present study we address the complementary part of Phase 6 corresponding to farmers” monitoring
of RA using the farmer manual and Phase 7, which includes: sharing results on RA impact assessment
between farmers and researchers and, sharing farmers” results on the evaluation of the VSA tool and the
overall evaluation of the PM&E project after conclusion of all 7 phases (Figure 2). Phase 7 was designed
to follow the restoration progress of participating farms, to verify whether selected indicators and our co-
developed VSA tool were useful for farmers to provide evidence on RA impacts on soil quality and related
ecosystem services, and to review and keep track of the PM&E process based on farmers” and
researchers” observations. Therewith serving as a major dialogue and feedback phase for all participants to

learn and implement changes, and enhance the consecution of intended goals.



Phase 6 was carried out by farmers” assessment of RA impacts by comparing a regenerative field in their
farms to a nearby conventionally managed field, used as control. To operationalize phase 7, we developed
two participatory workshops (workshop 3 and 4) (Figure 2), which we entitled “Sharing monitoring
experiences in regenerative agriculture” since both workshops aimed to achieve the same goals. To meet
these goals in each workshop we performed a number of exercises, each exercise with their own specific
objectives and methods (Table 1 and Table 2). Since the beginning of the PM&E project, in parallel to
workshops, we developed multiple mechanisms to enhance support and knowledge exchange between
participating farmers and researchers. These mechanisms included: a phone chat group, frequent email
contact, the delivery of workshop and progress reports, farm visits, and formal and informal interviews

(Lujan Soto et al., 2020).

Workshops were designed in such a way that each exercise would serve as input to elaborate on the
following one. Some exercises were exclusively designed to incite farmers to integrate and interpret TISQ
with VSA observations. Other exercises focused on inducing farmers” self-reflection and discussion on
RA impacts based on TISQ and VSA results, and to collectively deliberate about possible actions to
achieve farmers” targets for improving their farming systems. Furthermore, we asked farmers to reflect on
the VSA to track progress and identify advantages, difficulties and suggestions to improve the VSA tool.
Workshop 3 and 4 took place in the farm of participating farmers during approximately 5 morning hours
each, and were moderated by one of the scientists leading the research project. After conclusion of each

workshop, a report with workshop results was sent by email to all participating farmers.

Table 1 Structure breakdown of workshop 3

Exercise Objectives Techniques

Presentation of Introduce the participants involved in the In a circle each participant takes a

patticipants and RA patticipatory research and their experiences with few minutes to introduce

experiences RA, and create a pleasant and relaxed working her/himself and the RA practices
atmosphere she/he is implemented

Recap of the Make an oral return of the phases that have been Narrated timeline by the facilitator

participatory already covered, and highlight relevant aspects

monitoring and and goals achieved until the moment to update

evaluation participants.



Most significant

changes (MSC)

Monitoring
experiences using the

farmer manual

Introducing
Technical Indicators
of Soil Quality
(TISQ)

Return TISQ results
from 2018 and link
farm management,
TISQ and LISQ

results.

Workshop closure
and establishment of

agreements

Share the most significant changes farmers
observed in their farms through application of
the farmer manual, the changes that are expected
to be observed, and collectively generate ideas on

how each farmer can achieve them.

Share farmers reflections about the farmer
manual, including doubts on how to use it,
usefulness and suggestions about modifications
to better register most significant, and expected,

changes.

Present TISQ to farmers as the complementary
half of LISQ that completes the monitoting
system of soil quality to enhance information

exchange.

Enhance the exchange of information between
farmers and researchers based on results
obtained with TISQ from sampled soils and
leaves in 2018, and LISQ) in each farm, to better

understand RA impacts.

Recapitulate about obtained results; establish
agreements on research commitments by farmers
and researchers; briefly introduce following

research steps to keep participants engaged

MSC technique. Individual and
group work to complete a table
with guiding questions, and plenary

discussion

Group work and plenary discussion

Explanation of each TISQ using
inclusive language and making use

of cards for graphical support

Individual presentation of RA
managements, results from LISQ
and TISQ with the help of the
researcher to facilitate indicators”
interpretation and discussion.

Plenary discussion

Plenary session and discussion

Table 2 Structure breakdown of workshop 4

Exercise

Obijectives

Methods

Participatory research
update: Refreshing
main aims and

process StagC

Return of TISQ
results from 2019 and

contrast with LISQ

Keep all participants informed on the research

project. Introduce the aims of workshop 4

Provide farmers individual reports with TISQ
results and detailed information to help the
interpretation. Contrast LISQ results and further

farmers” observations with TISQ results, and co-

Plenary talk

Refreshing TISQ. Collectively
discuss TISQ results and contrast
with LISQ), influencing causes, and

how to improve them



Visit to regenerative

plots in the farm

Return of LISQ
results from 2019 and
establishment of

future actions

Enhancing VSA tool

adoption

Workshop closure
and establishment of

agreements

generate proposals between farmers and

researchers for improving these results.

Visit the RA experience of the farmer hosting
the workshop and value local knowledge.
Develop a VSA in situ. Enhance discussion
between participants on the impact of current
and alternative managements. Understand the
landscape and the impact of RA practices to

favor or control different processes

Share monitoring experiences and observations
from each farmer on their RA practices and
management based on the farmers” observations
of LISQ. Enhance individual and collective
reflection to discuss how to improve the

effectiveness of implemented RA practices.

Share farmers” difficulties to implement the
Farmer manual. Add suggestions on content,
structure and design, to improve it. Generate
new ideas to enhance farmer adoption of VSA

tools

Establish objectives and future actions.

Farm visit guided by the hosting

farmer

Individual and group work to
elaborate on RA managements,
remarkable observations, goals to
achieve and suggestions on how to

achieve these goals.

Brainstorm and plenary discussion

Plenary: stating stakeholder

agreements

Once all 7 phases were completed, concluding one PM&E cycle - in the third year of research - we
interviewed farmers to evaluate the PM&E project. We conducted an online semi-structured questionnaire
asking farmers about the overall usefulness of the PM&E project, and specifically about 3 key aspects to
confirm whether intended goals of the PM&E project were met. These 3 aspects were stated as follows:
“Select to what extent this PM&E project has helped you to: i) relate with other farmers, ii) learn about
RA practices, and iii) see and understand the regeneration effect in your farm”. To conclude with, we

asked farmers to freely report aspects to highlight from their experiences being involved in the PM&E

project.



3 RESULTS
3.1 Farmers” Visual Soil Assessment of Regenerative Agriculture impacts

From the twelve participating farmers, six farmers reported VSA results on regenerative agriculture
impacts compared to conventional farming (Appendix). From them, four farmers reported quarterly
results from both regenerative and conventionally managed fields used as control, while the other two
farmers just reported results from regenerative fields, and data from some seasons was missing. The
amoeba diagram (Figure 3) shows the VSA average results reported by these six farmers on 14 local
indicators of soil quality (LISQ) comprising the farmer manual. LISQ scores range from 1 point (low soil
quality) to 3 points (high soil quality). Overall, regenerative agriculture performed better than conventional
farming for all indicators but for leaf color that was slightly higher for conventional farming. The LISQ
bioindicator plants, soil roots, erosion control, infiltration capacity, soil smell, and ladybugs, showed the
highest improvements for regenerative agriculture, ranging on average from 0,5 to 0,7 points higher,
compared to conventional farming. Average punctuation of all 14 LISQ was 1,8 points for regenerative

agriculture and 1,5 points for conventional farming.
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Figure 3 Amoeba diagram presenting farmers” visual soil assessment results on regenerative agriculture

and conventional farming impacts on 14 local indicators of soil quality (LISQ).



3.2 Participatory evaluation of RA integrating LISQ and TISQ

Workshops 3 and 4 were planned to integrate the information on RA gathered by farmers and researchers,
stimulate farmer discussion about obtained results, and propose ideas to achieve desired restoration goals
through modification of RA practices. Seven farmers attended each workshop (Appendix). From farmers’

integration and discussion of TISQ and VSA results during the two workshops, four main topics arose:

1) Indicator interconnectedness: Farmers highlighted that most TISQ and LISQ were directly or indirectly
related to organic matter content, highlighting the central role of increasing organic matter levels to
achieve restoration objectives. Furthermore, farmers draw attention to the relationship between soil
quality improvements and almond production, identifying a variety of other factors, such as soil type,
climate conditions and almond variety, which also influence crop production. Subsequently, farmers
mentioned that regenerative management is key to enhance soil quality and as a long-term production

“insurance”.

2) Regenerative practices and management: Farmers discussed that in addition to the type and combination of
regenerative practices applied (e.g. organic amendments, green manure, reduced or no tillage, etc.) the
management of the regenerative practice is what determines its restoration “efficiency”. For instance, a
farmer (F10) commented: ‘T do no-tillage, but no-tillage does not equal no management. I learnt about the perfect timing
to stop tilling and favor natural ground covers with winter grasses and leguminous species, and to include complementary
[fertilization strategies to enbance soil fertility; thus adapted management is fundamental to make any RA practice work”.
Another farmer (F2) commented “I do green manure and nse it as fodder for my sheep herd. My sheep graze the green
manure once or twice before they leave to the mountain pastures when I incorporate it into the soil with the chisel plow.
Thanks to the soil lab analyses, I realized that 1 should apply sheep manure or other organic amendments to keep a positive

nutrient balance in grazed felds”.

3) Visual Soil Assessment of RA: Farmers pointed out that there were very large differences in the results
between different regenerative farms on a number of LISQ. They discussed the importance of making
comparisons “fair”, thus between regenerative and neighboring conventionally managed fields, and not

between regenerative farms because they were far from each other and the particular biophysical and



climatic conditions of each regenerative farm could be constraining or stimulating the effectiveness of the

different RA practices.

4) Future soil analysis using TISQ: Farmers highlighted the importance of continuing doing physic-chemical
and biological soil analysis in the longer term. For instance, a farmer (F11) pointed out that “the results from

some indicators were very different between 2018 and 2019, and only by continning carrying ont soil analysis, general trends

conld be identified”.

Regarding farmers” self-reflection and discussion on RA impacts in their farms, participating farmers

(Appendix) provided a series of suggestions to help each other achieve their targets (Table 3).

Table 3 Farmers” reflection on regenerative managements and visual soil assessment, desired goals and how to achieve them.

Farm Management Field manual observations Improvement ¢How can we achieve
goals them? Suggestions

Reg 1 Tilling 2-3 times/year Below vegetation strips there Include ground By integrating sheep for
Vegetation strips of 2 are more roots, the soil has covers with grazing. By trial and test with
meters wide in between better structure and is alive leguminous and different ground covers and
almond lines cereals, and improve farm implements (roller

their management crimper, chisel plow,
mowet...)

Reg 2 Tilling twice per year. In the regenerative parcel soil Increase nutrients, Applying compost or organic
Green manure managed temperature is lower, improve crop fertilizer annually. Increasing
with sheep and humidity is higher and trees petformance and soil coverage. Testing no-
incorporated in the soil. look better. In the prevent erosion. Try tillage in September in a parcel
Compost addition every conventional parcel, there is to apply ground and bringing sheep to enrich
2 years more runoff, more gullies covers the seed bank of

and lot of tumbleweeds autochthonous plants
Reg 3 Tilling twice per year. At first glance, the Apply a bit more Time is needed for making
Addition of compost regenerative parcel looks quantity of compost. observations and to get more
better, but I have to check it Trim pruning in soil analysis results to see how
with the field manual November to use it regenerative parcels are
as mulch evolving

Reg 4 Tilling twice per year. During summer trees look Improve soil Slash and mulch green manure
Green manure mix of weak due to lack of water. structure, soil to continuously reduce tillage
vetch, lentil vetch and There are soil patches where porosity and increase in time. Tty to establish
barley. Addition of grass never grows soil organic matter permanent natural covers.
organic fertilizers

Reg 6 Tilling 1-2 times/yeat. Overall, soil quality results To keep more Using soil terraces. Continue

Annual addition of
compost and pruning.

Guara almond variety
y

are a little better than in the
conventional parcel. Visually

my almond trees look better

humidity in the soil
and till just once per

year. Prevent

adding compost and green

manure




erosion.

Reg 8 Tilling twice per year. We have improved a bit, but Keep on applying Wait for future results and
Trimmed prunings and we need more organic matter various RA practices observations
composts added to the to make nutrients available to get to know
soil biannually for our almond trees which one works
better
Reg 10 No tillage and Soil temperature is still too Lower soil Adding compost and

permanent ground

covers

high in regenerative fields.
There is a lack of soil

nutrients

temperature and

increase soil fertility

spreading it with a disc.
Keeping the whole soil surface

covered

3.3 Farmers’ evaluation of “the farmer manual” (VSA tool)

To enhance the PM&E process through the VSA of RA impacts, during workshops 3 and 4 farmers
discussed, and provided feedback, regarding the design and usefulness of the VSA tool. Farmers identified
usefulness and difficulties they encountered during the operationalization of the VSA tool, and provided

suggestions for how to improve it. The main usefulness, difficulties and suggestions for improving the

VSA of RA impacts are listed in Table 4.

Table 4 Farmers” evaluation of the Farmer Manual

Usefulness

Difficulties

,

Suggestions to enhance farmers

VSA

* U.1) It allows us to see the soil in
a different way and pay attention to
parameters we did not pay

attention to before

* U.2) It allows us to collect and

systematize information

* U.3) It is easy to use because it
resembles the indicators we

observe on a daily basis in the field

* U.4) We have used it to show the
quality of the soil to visitors and

students visiting our farms

* D.1) Sometimes it is tedious to
bring it to the field and take notes

while farming

* D.2) We forget many times to

take it to the field

* D.3) To adopt a VSA tool
because we do monitor our
farming practices with our own

methods

* D.4) Some indicators change their
value from one day to another,
while others take really long time to
change, which is sometimes

difficult to interpret (reliability)

* S.1) Receiving a reminder every
time we have to do the visual soil

assessment

* 5.2) Develop a mobile app that
allows farmers to record changes

directly on the phone

* 5.3) An app where we could mark
on a map the place where the soil

diagnosis was made

* S.4) Add a final section with
recommendations on RA practices
and management to help us

improving restoration results




3.4 Farmers” evaluation of the PM&E project

All twelve participating farmers answered the questionnaire to evaluate the PM&E project. Table 5 shows

farmers” answers on requested key aspects.

Table 5 Farmers evaluation of the PM&E project

A. How useful was it for you to participate in the PM&E Project?

Very Notably Moderate Slightly Not
F2,F3,F4,F6, F5 F1, F8,F12 F11
F7,F9, F10

B. Select to what extent this PM&E project has helped you to:

Much Notably Moderate Slightly Not
Relate with other farmers F2, F3, F4, F5, F7 F8, F12 F1, F9, F11
Fo, F10
Learn about RA practices F2, F3, F4, F5 F8, F12 F1, F10,
Fo, F7, F9 F11
See and understand the F2, F3, F4, F5 F8, F12 F1, F10,
regeneration effect in your farm Fo, F7, F9 F11

C. What would you highlight?

F1. I have realized that theory and practice, or in other words, what is told about RA and what we ve seen in
our farms, does not always match. It would be nice to continue researching different types of ground covers

and different types of management to see what performs best.

F2. It has helped me to dare implement new RA practices. Activities are increasingly going online, and if it were
not for this participatory research, I would not have met many farmers and their farms, and I would not have

dared to implement innovative practices such as no tillage.

F3. I liked from this research the spirit of sharing information, and feeling integrated into a group doing
something positive to achieve AlVelAl's goals. I couldnt participate as much as I wanted but I see participatory

research projects crucial to engage farmers into agroecosystem sustainability.

F4. It has been a very educational process. I liked the importance given to farmers. I really liked the wotrkshop's
format. It would be nice to have public policy incentives to help us implement regenerative agriculture practices

for the longer term.

F5. I have learned how to interpret soil analysis and how to act upon them. I would like to learn more about



plants to prevent soil erosion, natural ground covers, and how to minimize costs while maximizing

environmental benefits.

F6. It has helped me to delve into soil analysis and to interpret soil parameters and the role they play (chemical
parameters, organic matter, texture). For future research I would like to know about how to enhance

biodiversity in the farm and about ground cover management, especially when rainfall is scarce.

F7. I have noticed that people are interested in what I do. I would like to keep on learning about ground cover

management.
F8. Monitoring will be easier with a mobile phone app.

F9. The participatory component and the continuous flux of information sustained. Although my participation
wasn’t as frequent as I would have liked, this research has helped me to learn a lot about the status of my soil

and to better appreciate the evolution and effect of the regenerative practices we are applying.

F10. I liked meeting people working in the same line as me. Research on supplemental irrigation for ground

cover management would be great.

F11. It would be nice and necessary to continue with this research for at least another 3 years to have more data

to reflect on and learn from.

F12. The value given to participants” experiences.

4 DISCUSSION

In the following paragraphs we analyze farmers” VSA results and insights, and discuss whether the
participatory monitoring and evaluation project for agroecosystem restoration succeeded to achieve
established goals: 1) to verify whether RA could restore the soil quality of degraded agroecosystems in
semiarid regions based on farmers” VSA, and 2) to enhance PM&E processes based on VSA to help
farmers” self-reflection, ownership and empowerment to implement locally adapted RA practices. We
address the possible factors stimulating and hindering VSA tool adoption and project success and discuss
farmers” evaluation of the PM&E project aiming to depict learnings to contribute to improve PM&E for

agroecosystem restoration.
4.1 Farmers’ impact assessment and participatory evaluation of RA

Farmers” VSA of regenerative agriculture indicates some progress towards achieving soil quality

restoration in the agroecosystems under evaluation. On average, regenerative agriculture performed better



than conventional farming, however LISQ values in regenerative fields were still far from optimum, and
the difference in average soil quality results between regenerative and conventional farming was relatively
small. The results from the LISQ were somewhat contrasting or complementary to the TISQ results for
which larger differences between regenerative and conventional fields were found for several important
soil quality indicators (e.g. soil organic carbon, total soil Nitrogen content, microbial respiration
rates)(Lujan Soto et al.,, 2021). This might be explained by the fact that TISQ focus mainly on soil
properties and supporting ecosystem services, while LISQ can be associated with supporting, regulating
and provisioning ecosystem services that take a longer time to respond to enhanced soil quality. Beyond
concrete restoration results, it is worth noting the importance of farmers observing progress in soil quality
restoration (Cardoso et al., 2001; Masset and Haddad, 2015; Vernooy et al., 2006), especially for expected
slow-response farming interventions like RA in semiarid environments. In other words, what matters is
not only what is assessed but also who does the assessing and the processes generated in them. Progress
obsetrvation might act as an incentive for farmers to continue applying RA and achieve higher restoration
results in the longer term. Furthermore, farmers can complement VSA results with TISQ results (Table 3)
(Ball et al., 2017; Guimaries et al., 2017; Lujan Soto et al., 2021; 2020), improving their understanding of
RA management and impacts, and increasing the confidence in RA. Together with the exchange of
experiences with peer farmers, these increased insights might lead to enhanced RA efficiency and soil
quality restoration results through social learning (Dessie et al., 2012; Garcfa-Nieto et al 2019; Lujan Soto
et al., 2021b; Suskevics et al., 2018). Moreover, due to the slow soil responses to management changes in
semiarid regions as a result of the lack of water for developing soil biological activity, greater soil quality
improvements might be expected in the longer term (De Leijster et al., 2019; Lujan Soto et al., 2021).
Based on farmers” VSA results we can affirm that RA might be a plausible solution to restore degraded
agroecosystems in semiarid regions, accomplishing the first goal established for measuring success in this

PM&E project for agroecosystem restoration.

Regarding the achievement of the second goal; along the whole PM&E project multiple mechanisms were
activated to enhance individual and social learning (Suskevics et al, 2019) as critical steps towards
adoption and out-scaling of RA (Sol et al., 2013; Suskevics et al., 2018). The iterative feedback processes

(Figure 2) aimed, among other reasons, to help farmers” self-reflection, ownership and empowerment to



implement locally adapted RA. The achievement of this second goal can be also illustrated by farmers
indicating that the farmer manual allowed them to see the soil in a different way and pay attention to
parameters they overlooked before (Table 4), and by farmers” understanding of the interconnection
between TISQ and LISQ and the influence of farming management, climatic and biophysical conditions
and regenerative practices on success (Table 3). It can be also sustained by farmers” highlighting PM&E as
an educational process that helped them to learn how they could adapt farm management to enhance soil
properties (Table 5), and by the fact that farmers were able to assist other farmers by providing
suggestions to help achieving targets for improving the sustainability of their farming systems (Table 3).
Farmers increased knowledge and empowerment for natural resource management have been highlighted
as outcomes in multiple other PM&E experiences (Cardoso et al., 2001, Vernnoy et al., 2006; Funder et
al., 2013) however, these outcomes should not be taken for granted (Rahman, 2019). Farmers” evaluation
of the PM&E project (Table 4 and Table 5) evidences that involving farmers in PM&E and VSA tool
development can enhance the monitoring, evaluation and efficiency of RA, helping them to understand
the role of soil properties, soil functions and management in a more comprehensive way for improving

their farming systems and achieving established restoration goals.
4.2 Farmers’ insights to enhance VSA and VSA tool adoption

Despite the overall positive evaluation of the PM&E process by participating farmers, it is important to
note that, although all farmers took part in at least one PM&E activity (Appendix), just half of them
provided VSA results, 9 farmers attended workshops 1 and 2, and 7 farmers joined workshops 3 and 4
(Appendix). These results lead us to think that the potential benefits of PM&E for enhancing learning and
adoption of regenerative agriculture could be much greater than achieved, and to reflect on which factors
determined VSA tool adoption and workshop attendance. Based on the potential factors stimulating and
acting as barriers for VSA tool adoption, we discuss possible actions that might contribute to improve

PM&E goals for agroecosystem restoration.

VSA tools stand out for being user-friendly tools that help to provide simple, informative, rapid and
useful diagnosis of the soil quality (Ball et al., 2017), and facilitate information exchange between
stakeholders of different backgrounds and levels of expertise (Guimaraes et al., 2017; Triste et al., 2014).

Farmers patticipating in the PM&E project recognized most of these benefits for the farmer manual



(Table 4). However, farmers also pointed out some difficulties regarding VSA tool adoption. They found
it particularly complicated to integrate a VSA tool in their farming routine due to a lack of habit, and some
participating farmers reported they already had their own method to record soil quality changes, making it
redundant to include an extra method. Building on farmers” insights on benefits, difficulties and
suggestions regarding the VSA of RA impacts, and analyzing success factors and barriers for VSA tool
adoption from the literature (Coteur et al., 2020; de Olde et al., 2018, 2016; Milgroom et al., 2007; Ttriste et

al., 2014), three main learnings for enhancing VSA and VSA tool adoption arise:

1) Reseatchers/technicians in charge of monitoring projects must provide guidance and support to help
farmers implementing VSA tools. For instance, by accompanying them in initial VSA to solve doubts, and
to help them get into the habit of recording observations in a systematized way. To increase stakeholder
engagement in research and thus, in VSA tool adoption, we actively included participating farmers since
the beginning of the VSA tool development process, from indicator identification to VSA tool testing.
This best practice helps generate user-friendly VSA tools (Table 4), and appears to be a factor stimulating
VSA tool adoption (Biitnemann et al., 2018; Triste et al., 2014). However, applying this best practice seems
not to be sufficient to ensure VSA tool adoption since just half of participating farmers actually adopted
the farmer manual and expressed difficulties integrating the tool in their farming routine (Table 4). VSA
tool testing by farmers was facilitated by two of the researchers involved in the PM&E project (Appendix)
supporting, each researcher, one of the two groups in which farmers were divided (Lujan Soto el at.,
2020). Additional individualized support in the application of the VSA tool seems necessary to facilitate
farmers” VSA tool adoption. The crucial role of the researcher/facilitator to accompany farmers”
processes and share project responsibilities to ensure project success has been highlighted also in other
PAR projects (Cuéllar-Padilla and Calle-Collado, 2011; Ensor and Harvey, 2015), and appears to be
particulatly important regarding farmer training to use VSA tools for soil management improvement and

farm sustainability (Ball et al., 2017; Coteur et al., 2020; Milgroom et al., 2007; Triste et al., 2014).

2) VSA tool adoption can be enhanced if participants see the usefulness of contributing to a common
repository with their individual monitoring results that supports collaboration and large-scale landscape
restoration. Since some farmers already recorded RA progresses using their own methods for their own

use (Table 4), it seems necessary to reinforce the potential advantages of systematizing and storing



information collectively. For instance, as a way to create an empirical database to enhance farmers’
confidence on RA and increase adoption, which in turn could serve as evidence base required to receive
private and public policy and economic support - i.e. payments for ecosystems services schemes or land
restoration incentives- as identified by PM&E participating farmers (Table 5). This leads us to reflect on
the need and importance of defining concrete VSA tool objectives together with stakeholders and end
users beyond monitoring and research objectives. Ambiguous or partial definition of VSA tool objectives,
and PM&E in general, has been previously identified as a possible factor hindering VSA tool adoption
(Coteur et al.,, 2020; Triste et al., 2014). Furthermore, although farmers were actively involved in the
development process of the farmer manual, some decisions, such as the tool format, were made for them
to ease the process and adapt to available resources, which might have constrained VSA tool adoption (de

Olde et al., 2018).

3) End users must be included in all design phases of VSA tools in order to meet their needs and make
VSA more appealing to them, thus facilitating VSA tool adoption in farmers” routine. This same learning
has been previously highlighted by various authors regarding soil quality assessments and VSA tool
adoption (Binemann et al, 2018; Triste et al., 2014). This learning can be illustrated by farmers’
suggestion to incorporate practical farm advice or guidelines to help achieve better soil quality
improvements, which might motivate them to continue monitoring RA impacts. Provision of guidelines
for improving farm management to reduce soil erosion risk appeared to be a key factor stimulating VSA
tool adoption by olive farmers in south Spain (Milgroom et al., 2007). Likewise, absence of guidelines
appeared to be a key factor hindering VSA tool adoption by farmers in Flanders (Triste et al., 2014). Tool
adoption might increase if the VSA tool directly contributes to action towards farm sustainability (Coteur
et al, 2020; de Olde et al,, 2018, 2016). Furthermore, farmers participating in this PM&E project
expressed the need to renew and update the farmer manual by using digital technologies. In fact,
developing new technologies for the use of VSA interactive tools is considered a promising arena
(Guimaraes et al., 2017), and some VSA tools have been already updated to digital format as mobile apps.
For example the VESS app (Ball et al., 2007; Guimaries et al., 2011) that includes a GPS mapping feature
to record sample locations for soil diagnosis, as was also suggested by participating farmers in this study

(Table 4), and the recently launched SQAPP (ISQAPER EU Project, 2020). To this end, public and



private investments should be made available to help develop sound participatory research projects,
monitoring technologies, and support farmers to attain land restoration and sustainability goals (FAO,

2019, Funder et al., 2013).

4.3 Farmers insights for improving PM&E

A major reason behind doing PAR, and specifically PM&E, is enabling participants” empowerment for
social transformation (Cuéllar-Padilla and Calle-Collado, 2011; Estrella et al., 2001; Fals-Borda and
Rahman, 1991; Guzman et al., 2013). Participation and learning are two key principles of PM&E (Estrella
and Gaventa, 1998). Participation is considered both a means and an end for learning to strengthen
people’s capacity to make decisions for creating environments for change (Cuéllar-Padilla and Calle-
Collado, 2011; Méndez et al., 2017; Vernooy et al., 2006). Drawing on farmers” answers on 3 key aspects
regarding participation and learning in this PM&E project, we identified several learnings to improve

PM&E outcomes, particularly regarding RA adoption.

All farmers found it useful having been involved in the PM&E project to a greater or lesser extent.
Farmers appreciated the participatory component of the research, the value given to them and to their
experiences, and the workshop methodology to relate with farmers and researchers working with
regenerative agriculture (Table 5). In this same line, farmers also highlighted that the PM&E generated a
sense of belonging for them (Table 5). The PM&E process brought together people with similar views, a
common purpose, and a shared philosophy on farming for agroecosystem restoration. Farmers” responses
regarding their experience in PM&E confirm earlier findings that participatory research helps building
mutual trust and support relationships, confidence and empathy (Cuéllar-Padilla and Calle-Collado, 2011;
Masset and Haddad, 2015; De Vente et al., 2016; Sewell et al., 2017), conducive conditions that might
reinforce credence on farming innovation effectiveness and adoption. As a matter of fact, PAR processes
have been highlighted for helping generate social cohesion and support between participants prompting
the achievement of common goals (Cuéllar-Padilla and Calle-Collado, 2011; Guzman et al., 2013; Méndez

etal, 2017).

Participation was enhanced through multiple mechanisms along the PM&E process. Among these,

participatory workshops were the backbone of the PM&E project and key to favor farmers establishing



relations and sharing experiences. Although all participating farmers found the PM&E project helpful to
relate to other farmers, some farmers reported it was of slight to moderate help (Table 5). This might
respond to the fact that not all farmers could participate in all activities and attend all workshops
(Appendix). The need to travel to the places where workshops were held, sometimes up to 2 hours’ drive,
and the fact that workshops were held during weekends to allow part-time farmers to attend, might have
acted as barriers constraining farmer participation. In addition, there was no compensation for farmers to
attend workshops beyond their own interest in participating, learning about soils, and sharing experiences
about RA. Thus, while acknowledging the great importance of participatory research methods and
techniques to motivate and enhance farmers” engagement in research and sustainable agroecosystem
initiatives, paralle]l mechanisms should be activated or reinforced to help generate ownership in research
processes in the participants involved (Funder et al., 2013). Allocating greater public economic investment
is necessaty to support processes for agroecological transitions (FAO, 2019; Guzman et al., 2013) and
strengthening engagement of local organizations to scale out participatory and farmer-managed research

and grassroots innovations (Pimbert, 2018).

Regarding the impact on farmers” learning of RA, all farmers found that the PM&E project complied with
this aspect. Farmers highlighted PM&E as a process where a continuous flux of information was kept
amongst them. Furthermore, farmers also mentioned that thanks to the PM&E of RA impacts they were
eager to implement new RA practices (Table 5). This confirms eatlier claims that participatory research
involving farmers and researchers into monitoring and evaluation can enhance farmers developing deeper
understanding and knowledge on farming innovations leading to increased farmers confidence to trial and
farmers” capacity building (Cardoso et al., 2001; Dessie et al., 2012; Mapfumo et al., 2013; Sewell et al.,
2017, Vernooy et al., 2006). Workshops are a particularly useful methodology to enhance participation,
foster knowledge exchange and sharing of experiences, give voice to the wisdoms, concerns and needs of
farmers, and empower them to be the changing engine of their realities (Barrios et al., 2012; Cuéllar-
Padilla and Calle-Collado, 2011; Sewell et al., 2017). Farm visits during workshops appeared to particularly
trigger farmers” sharing of experiences and learning, building trust and confidence in RA, and encouraging
farmers to experiment with different RA practices. Generating spaces for farmer-to-farmer diffusion of

knowledge and on-farm experiences is clearly very important to facilitate learning and to foster farmer



adoption of innovations (Pimbert, 2018; Sewell et al., 2017; Val et al., 2019; Vernooy et al., 2006; Wood et
al., 2014; Lujan Soto et al., 2021b). Thus, peasant-to-peasant methodologies are crucial to foster farmers’
innovation adoption and enhance transitions towards agroecosystem sustainability and increase the impact

of research on agroecosystem restoration.

Lastly, farmers highlighted that thanks to PM&E of the impacts of RA they learned to better appreciate
the effect of the RA practices they were applying, to delve into soil analysis, to interpret and understand
the importance of soil parameters and to act upon them (Table 5). These results denote that PM&E
resulted successful in enhancing farmer capacity building. However, some farmers mentioned that the
PM&E project was of slight to moderate help for them to learn about RA effects in their farms (Table 5).
We found two main barriers that could be hindering learning progress. On one hand, the lack of VSA tool
adoption and workshop attendance as explained above and, on the other hand, the fact that some farmers
already had considerable experience on RA and acted more as knowledge “sources” to other participants.
These two factors add to the fact that learning processes are gradual and require time. Therefore,
developing a learning community of farmers and researchers that can provide a platform for exchange of
expetiences and technical support, and accompany farmers in the research process in the longer term, is
crucial for learning, to identify further RA impacts, and to support adoption of farming innovations
(FAO, 2019; Mapfumo et al., 2013; Pimbert, 2018; Sewell et al., 2017). Support for long-term participatory
research is needed, especially when applied to sustainable farming in arid and semi-arid areas which are
most vulnerable to irreversible land degradation and where visible changes in soil quality might take a long
time to occur. This need has been claimed for decades in the sustainable farming arena (Bouma, 2019;
FAO, 2019; Méndez et al., 2017), as well as in specific studies in Andalusia (Cuéllar-Padilla and Calle-
Collado, 2011; De Leijster et al., 2019; Guzman et al.,, 2013; Lujan Soto et al., 2021), and should be
urgently addressed if efficient, sound and inclusive land restoration and sustainable transitions are to be

achieved.

This PM&E project was conceived as a continuous and dynamic learning process where modifications, as
inherent part of the process, are required as the research and agroecosystem restoration processes

progress, farmers and researchers dialogue, exchange information and learn, and context changes. Thus,



modifications and suggestions to enhance the achievement of PM&E and agroecosystem restoration goals

were expected, welcomed, and essential in the research process.

In the current UN decade for ecosystem restoration, ongoing climate change and increasing calls for
agroecosystem Living Labs, including PM&E where the democratic involvement of participants is the
bedrock of the whole research process, and the needs and concerns of the farming community are taken
as the basis for collaborative research, represents a great opportunity to generate inclusive, engaging, and

efficient transitions towards sustainable and resilient agroecosystems.
5 CONCLUSIONS

Participatory Monitoring and Evaluation (PM&E) through farmers' visual soil assessment indicated
regenerative agriculture as a promising solution to restore degraded agroecosystems in semiarid
Mediterranean drylands. Nevertheless, observed soil quality improvements evidenced by Local Soil
Quality Indicators (LISQ) were relatively small, and more time and efforts are needed to attain desired
restoration targets. The monitoring results based on LISQ and performed by farmers showed small
improvements but were complementary to findings of Technical Indicators of Soil Quality performed by
the researchers involved in the PM&E project. Farmer’s evaluation of the research project highlighted the
PM&E project as a process that helped them look differently at their land and their restoration efforts and
facilitated the creation of relationships of support and trust, learning and capacity building that are
fundamental conducive conditions to enhance farming innovation efficiency and adoption. Farmers
confirmed that generating spaces for farmer-to-farmer diffusion of knowledge and on-farm experiences is
a key driver to expedite farming testing and adoption of innovations. Farmers” insights revealed the need
to actively involve them in all decision making phases for VSA tool development and to support them in
initial VSA tool implementation. This might help to develop tools that meet farmers” needs, enhance
farmers” VSA tool adoption and facilitate reaching restoration goals. Furthermore, farmers” evaluation of
the co-developed VSA tool suggests the need to reinforce the multipurpose usefulness and potential
benefits of collectively recording restoration progress in a systematized way to enhance VSA tool
adoption. A number of context dependent factors acted as stimulators and barriers influencing the success
of the different components of the PM&E project. Many farmers had difficulties in systematically

integrating the VSA tool in their farm operation and were not always able to attend workshops. Therefore,



the combination of different forms of in person and online participation and exchange of monitoring
information is considered important. The development of a mobile phone application to support VSA can
further facilitate active participation to create a common evidence base of the multiple impacts of RA
under different conditions. Developing a learning community of farmers and researchers that can provide
a platform for exchange of experiences and support in the research process in the longer term is crucial
for social learning and to support adoption of farming innovations. This is especially important when
harsh environmental conditions of semiarid and degraded landscapes result in an initially slow or
intangible response to restoration efforts. The success of PM&E research for agroecosystem restoration
can be improved by integrating iterative phases where farmers can evaluate and adjust research activities
and outcomes. The process of PM&E that leads to enhanced social capital, learning and improved

understanding of restoration efforts has as much value as the actual restoration outcomes on the ground.

ACKNOWLEDGEMENTS

We thank the AIVelAl farmer association, and especially the farmers that form part of this participatory
monitoring and evaluation research project. This work was supported by ”la Caixa” Foundation
(ID100010434) through a PhD fellowship to RLS (LCF/BQ/ES17/11600008), and by the projects
DECADE (Séneca Foundation, 20917/PI/18), and XTREME (Spanish Ministry of Science and

Innovation PID2019-109381RB-100/AEIL/10.13039/501100011033).

REFERENCES

Altieri, M.A., Nicholls, C.I., Henao, A., Lana, M.A., 2015. Agroecology and the design of climate change-
resilient farming systems. Agron. Sustain. Dev. 35, 869-890. https://doi.org/10.1007/s13593-015-

0285-2

Ball, B.C., Batey, T., Munkholm, L..J., 2007. Field assessment of soil structural quality - A development of
the Peerlkamp test. Soil Use Manag. 23, 329-337. https://doi.org/10.1111/j.1475-

2743.2007.00102.x



Ball, B.C., Guimaries, R.M.L., Cloy, ].M., Hargreaves, P.R., Shepherd, T.G., McKenzie, B.M., 2017. Visual
soil evaluation: A summary of some applications and potential developments for agriculture. Soil

Tillage Res. 173, 114-124. https://doi.org/10.1016/}.still.2016.07.006

Barrios, E., Coutinho, H.L.C., Medeiros, C. a B., 2012. InPaC-S : Participatory Knowledge Integration on

Indicators of Soil Quality Methodological Guide. https://doi.org/10.1111/.1472-4642.2007.00427 x

Bellin, N., van Wesemael, B., Meerkerk, A., Vanacker, V., Barbera, G.G., 2009. Abandonment of soil and
water conservation structures in Mediterranean ecosystems. A case study from south east Spain.

Catena 76, 114-121. https://doi.org/10.1016/j.catena.2008.10.002

Bouma, J., 2019. How to communicate soil expertise more effectively in the information age when aiming
at the UN Sustainable Development Goals. Soil Use Manag. 35, 32-38.

https://doi.org/10.1111/sum.12415

Binemann, E.K., Bongiorno, G., Bai, Z., Creamer, R.E., De Deyn, G., de Goede, R., Fleskens, L.,
Geissen, V., Kuyper, T.W., Mider, P., Pulleman, M., Sukkel, W., van Groenigen, ].W., Brussaard, L.,
2018. Soil quality — A critical review. Soil Biol. Biochem. 120, 105-125.

https://doi.org/10.1016/j.s0ilbio.2018.01.030

Cardoso, I.M., Guijt, 1., Franco, F.S., Carvalho, A.F., Ferreira Neto, P.S., 2001. Continual learning for
agroforestry system design: University, NGO and farmer partnership in Minas Gerais, Brazil. Agric.

Syst. 69, 235-257. https://doi.org/10.1016/S0308-521X(01)00028-2

Chaffin, B.C., Gosnell, H., 2015. Measuring success of adaptive management projects, in: Adaptive

Management of Social-Ecological Systems. Springer, Dordrecht, pp. 85-105.

Cherlet, M., Hutchinson, C., Reynolds, J., Hill, ]., Sommer, S., von Maltitz, G., 2018. World Atlas of

Desertification, Publication Office of the European Union. Luxemburg,

Chinseu, E., Dougill, A., Stringer, L., 2019. Why do smallholder farmers dis-adopt conservation

agriculture? Insights from Malawi. L. Degrad. Dev. 30, 533-543. https://doi.org/10.1002/1dr.3190

Clar, E., Martin-Retortillo, M., Pinilla, V., 2018. The Spanish path of agrarian change, 1950-2005: From

authoritarian to export-otriented productivism. J. Agrar. Chang. 18, 324-347.



https://doi.org/10.1111/joac.12220

Commonland, 2020. Landscapes Altiplano, Andalusia/Murcia, Spain. The starting point is inspiration:
proving change is possible [WWW Document]. URL
https:/ /www.commonland.com/landscapes/ the-starting-point-is-inspiration-proving-change-is-

possible/. (accessed 2.20.20).

Coteur, L., Wustenberghs, H., Debruyne, L., Lauwers, L., Marchand, F., 2020. How do cutrent
sustainability assessment tools support farmers’ strategic decision making? Ecol. Indic. 114, 106298.

https://doi.otg/10.1016/j.ecolind.2020.106298

Cruz Pardo, J., Yanes Punga, M., Sanchez Rojas, C.P., Simon Mata, M., 2010. Ambientes semiaridos del
sureste andaluz: el Altiplano estepario. Consejeria de Medio Ambiente. Junta de Andalucia, Sevilla, p.

721.

Cuéllar-Padilla, M., Calle-Collado, A., 2011. Can we find solutions with people? Participatory action
research with small organic producers in Andalusia. J. Rural Stud. 27, 372-383.

https:/ /doi.org/10.1016/j.jrurstud.2011.08.004

De Leijster, V., Santos, M.]., Wassen, M.J., Ramos-Font, M.E., Robles, A.B., Diaz, M., Staal, M., Verweij,
P.A., 2019. Agroecological management improves ecosystem services in almond orchards within one

year. Ecosyst. Serv. 38, 100948. https://doi.otg/10.1016/j.ecoser.2019.100948

de Mey, K., D’Haene, K., Marchand, F., Meul, M., Lauwers, L., 2011. Learning through stakeholder
involvement in the implementation of MOTIFS: An integrated assessment model for sustainable
farming in Flanders. Int. J. Agric. Sustain. 9, 350-363.

https://doi.org/10.1080/14735903.2011.582355

de Olde, E.M., Oudshoorn, F.W., Serensen, C.A.G., Bokkers, E.A.M., De Boer, 1.].M., 2016. Assessing
sustainability at farm-level: Lessons learned from a comparison of tools in practice. Ecol. Indic. 66,

391-404. https://doi.org/10.1016/j.ecolind.2016.01.047

de Olde, E.M., Sautier, M., Whitehead, J., 2018. Comprehensiveness or implementation: Challenges in

translating farm-level sustainability assessments into action for sustainable development. Ecol. Indic.



85, 1107-1112. https:/ /doi.org/10.1016/j.ecolind.2017.11.058

De Vente, J., Reed, M.S., Stringer, L.C., Valente, S., Newig, J., 2016. How does the context and design of
participatory decision-making processes affect their outcomes ? Evidence from sustainable land

management in global drylands. Ecol. Soc. 21, 24. https://doi.org/10.5751/ES-08053-210224

Dessie, Y., Wurzinger, M., Hauser, M., 2012. The role of social learning for soil conservation: The case of
Amba Zuria land management, Ethiopia. Int. J. Sustain. Dev. World Ecol. 19, 258-267.

https://doi.org/10.1080/13504509.2011.636082

Dubey, P.K,, Singh, A., Raghubanshi, A., Abhilash, P.C., 2021. Steering the restoration of degraded
agroecosystems during the United Nations Decade on Ecosystem Restoration. J. Environ. Manage.

280, 111798. https:/ /doi.org/10.1016/j.jenvman.2020.111798

Elevitch, C.R., Mazaroli, N.D., Ragone, D., 2018. Agroforestry standards for regenerative agriculture.

Sustain. 10, 1-21. https://doi.org/10.3390/su10093337

Ensor, J., Harvey, B., 2015. Social learning and climate change adaptation: Evidence for international
development practice. Wiley Interdiscip. Rev. Clim. Chang. 6, 509-522.

https://doi.otg/10.1002/wcc.348

Estrella, M., Blauert, J., Campilan, D., Gaventa, ., Gonsalves, J., Guijt, 1., Johnson, D., Ricafort, R., 2001.
Learning from change: Issues and experiences in Participatory Monitoring and Evlauation,

Intermediate Technology Publications. https://doi.org/10.1093/cdj/36.3.256

Estrella, M., Gaventa, J., 1998. Who counts reality? Participatory monitoring and evaluation: A Literature

review, IDS Working Paper 70, Brighton: IDS.

Fals-Borda, O., Rahman, M.A., 1991. Action and knowledge: breaking the monopoly with participatory

action-research. Apex Press. New York, NY.

FAO, 2019. Agroecological and other innovative approaches for sustainable agriculture and food systems
that enhance food security and nutrition. A Rep. by High Lev. Panel Expert. Food Secur. Nutr.

Comm. World Food Secur. 1-162.

Ferwerda, W.H., 2015. 4 returns, 3 zones, 20 years: A Holistic framework for ecological restoration by



people and business for next generations, Rotterdam School of Management. IUCN CEM.

Funder, M., Danielsen, F., Ngaga, Y., Nielsen, M. R., and Poulsen, M. K. 2013. Reshaping conservation:
the social dynamics of participatory monitoring in Tanzania’s community-managed

forests. Conservation and Society, 11(3), 218-232.

Garcia-Ruiz, J.M., 2010. The effects of land uses on soil erosion in Spain: A review. Catena 81, 1-11.

https://doi.org/10.1016/j.catena.2010.01.001

Gasparatos, A., 2010. Embedded value systems in sustainability assessment tools and their implications. J.

Environ. Manage. 91, 1613-1622. https://doi.org/10.1016/j.jenvman.2010.03.014

Giller, K.E., Hijbeek, R., Andersson, J.A., Sumberg, J., 2021. Regenerative Agriculture: An agronomic

petspective. Outlook Agric. 50, 13-25. https://doi.org/10.1177/0030727021998063

Guimarides, RM.L., Ball, B.C,, Tormena, C.A., 2011. Improvements in the visual evaluation of soil

structure. Soil Use Manag. 27, 395-403. https://doi.org/10.1111/7.1475-2743.2011.00354.x

Guimaries, R.M.L., Lamandé, M., Munkholm, L.J., Ball, B.C., Keller, T., 2017. Opportunities and future
directions for visual soil evaluation methods in soil structure research. Soil Tillage Res. 173, 104-113.

https://doi.org/10.1016/].5till.2017.01.016

Guzman, G.I., Lopez, D., Roman, L., Alonso, A.M., 2013. Participatory action research in agroecology:
Building local organic food networks in Spain. Agroecol. Sustain. Food Syst. 37, 127-146.

https://doi.org/10.1080/10440046.2012.718997
ISQAPER EU Project, 2020. SQAPP.

Jemberu, W., Baartman, J.E.M., Fleskens, L., Ritsema, C.J., 2018. Participatory assessment of soil erosion
severity and performance of mitigation measures using stakeholder workshops in Koga catchment,

Ethiopia. J. Environ. Manage. 207, 230-242. https://doi.org/10.1016/j.jenvman.2017.11.044

Kassam, A., Friedrich, T., Derpsch, R., 2019. Global spread of Conservation Agriculture. Int. J. Environ.

Stud. 76, 29-51. https://doi.org/10.1080/00207233.2018.1494927

LaCanne, C.E., Lundgren, J.G., 2018. Regenerative agriculture: merging farming and natural resource

conservation profitably. Peet] 6, e4428. https://doi.org/10.7717 /peetj.4428



Lee, H., Lautenbach, S., Nieto, A.P.G., Bondeau, A., Cramer, W., Geljzendorffer, I.R., 2019. The impact
of conservation farming practices on Mediterranean agro-ecosystem services provisioning—a meta-

analysis. Reg. Environ. Chang. https://doi.otg/10.1007/s10113-018-1447-y

Lujan Soto, R., Cuéllar Padilla, M., de Vente, J., 2020. Participatory selection of soil quality indicators for
monitoring the impacts of regenerative agriculture on ecosystem services. Ecosyst. Serv. 45, 101157.

https://doi.org/10.1016/j.ecoser.2020.101157

Lujan Soto, R., Martinez-Mena, M., Cuéllar Padilla, M., de Vente, J., 2021. Restoring soil quality of woody
agroecosystems in Mediterranean drylands through regenerative agriculture. Agric. Ecosyst. Environ.

306. https://doi.org/10.1016/j.agee.2020.107191

Lujan Soto, R., M. Cuéllar Padilla, M. Rivera Méndez, T. Pinto-Correia, C. Boix-Fayos, and J. De Vente.
2021b. Participatory monitoring and evaluation of regenerative agriculture to enable social learning,

adoption, and out-scaling. Ecology and Society 36(4) (in press)

Mapfumo, P., Adjei-Nsiah, S., Mtambanengwe, I., Chikowo, R., Giller, K.E., 2013. Participatory action

research (PAR) as an entry point for supporting climate change adaptation by smallholder farmers in

Africa. Environ. Dev. 5, 6-22. https://doi.org/10.1016/j.envdev.2012.11.001

Martin-Arroyo, J., 2019. The herculean task of pushing back the desert in Spain [WWW Document|. El
Pais. URL https://english.elpais.com/elpais/2019/03 /18 /inenglish /1552901535_502166.html

(accessed 3.22.19).

Masset, E., and Haddad, L. 2015. Does beneficiary farmer feedback improve project performance? An
impact study of a participatory monitoring intervention in Mindanao, Philippines. The journal of

development studies, 51(3), 287-304. https://doi.org/10.1080/00220388.2014.959933

McKenzie, D.C., 2013. Visual soil examination techniques as part of a soil appraisal framework for farm

evaluation in Australia. Soil Tillage Res. 127, 26-33. https://doi.org/10.1016/j.still.2012.05.004

McPhee, C., Bancerz, M., Mambrini-Doudet, M., Chrétien, F., Huyghe, C., Gracia-Garza, J., 2021. The
defining characteristics of agroecosystem living labs. Sustain. 13, 1-25.

https://doi.otg/10.3390/su13041718



Méndez, V.E., Caswell, M., Gliessman, S.R., Cohen, R., 2017. Integrating agroecology and participatory
action research (PAR): Lessons from Central America. Sustain. 9, 1-19.

https://doi.otg/10.3390/su9050705

Milgroom, J., Gémez, J.A., Soriano, M.A., Fereres, E., 2007. From experimental research to an on-farm

tool for participatory monitoring and evaluation: An assessment of soil eorsion risk in organic olive

orchards. L. Degtrad. Dev. 18, 397-411. https://doi.org/10.1002/1dr.783

Milgroom, J., Soriano, M.A., Garrido, J.M., Gémez, J.A., Fereres, E., 2006. Erosion en Olivar Ecolégico:

Manual de Campo.

Molina, J.L., Garcia Ardstegui, J.L., Benavente, J., Varela, C., de la Hera, A., Lopez Geta, J.A., 2009.
Aquifers overexploitation in SE Spain: A proposal for the integrated analysis of water management.

Water Resour. Manag. 23, 2737-2760. https://doi.org/10.1007/s11269-009-9406-5

Nicholls, C.I., Altieri, M.A., Dezanet, A., Lana, M., Feistauer, D., Ouriques, M., 2004. A rapid, farmer-
friendly agroecological method to estimate soil quality and crop health in vineyard systems.

Biodynamics 33—40.

Palm, C., Blanco-Canqui, H., DeClerck, F., Gatere, L., Grace, P., 2014. Conservation agriculture and
ecosystem services: An overview. Agric. Ecosyst. Environ. 187, 87-105.

https:/ /doi.org/10.1016/j.agee.2013.10.010

Parra-Lopez, C., De-Haro-Giménez, T., Calatrava-Requena, ., 2007. Diffusion and adoption of organic
farming in the Southern Spanish olive groves. J. Sustain. Agric. 30, 105-151.

https:/ /doi.ore/10.1300/]064v30n01_09

Pimbert, M.P., 2018. Democratizing knowledge and ways for knowing for food sovereignty, agroecology
and biocultural diversity, in: Food Sovereignty, Agroecology and Biocultural Diversity: Constructing

and Contesting Knowledge. Routledge, London and New York, pp. 259-321.

Rahman, M. L. 2019. Participatory monitoring and evaluation in development projects of
Bangladesh. International Journal of Project Organisation and Management, 11(2), 93-109.

https://doi.otg/10.1504/1JPOM.2019.100577



Reed, M.S., Vella, S., Challies, E., de Vente, J., Frewer, L., Hohenwallner-Ries, D., Huber, T., Neumann,
R.K., Oughton, E.A., Sidoli del Ceno, J., van Delden, H., 2018. A theory of participation: what
makes stakeholder and public engagement in environmental management work? Restor. Ecol. 26,

S7-S17. https://doi.org/10.1111/rec.12541

Rhodes, C.J., 2017. The imperative for regenerative agriculture. Sci. Prog. 100, 80—129.

https://doi.org/10.3184,/003685017X14876775256165

Rhodes, CJ., 2013. Feeding and healing the world: Through regenerative agriculture and permaculture.

Sci. Prog. 95, 345-446. https://doi.otg/10.3184/003685012X13504990668392

Sanz, M.J., de Vente, J., Chotte, J.-L., Bernoux, M., Kust, G., Ruiz, I., Almagro, M., Alloza, J.-A., Vallejo,
R., Castillo, V., Hebel, A., Akhtar-Schuster, M., 2017. Sustainable Land Management contribution to
successful land- based climate change adaptation and mitigation A Report of the Science-Policy

Interface of the United Nations Convention to Combat Desertification (UNCCD). Bonn, Germany.

Schwilch, G., Bestelmeyer, B., Bunning, S., Critchley, W., Herrick, J., Kellner, K., Liniger, H.P.,
Nachtergaele, F., Ritsema, C.J., Schuster, B., Tabo, R., van Lynden, G., Winslow, M., 2011.
Experiences in monitoring and assessment of sustainable land management. L. Degrad. Dev. 22,

214-225. https://doi.org/10.1002/1dr.1040

Sewell, A.M., Hartnett, M.K., Gray, D.L., Blair, H.T., Kemp, P.D., Kenyon, P.R., Mortis, S.T., Wood,
B.A., 2017. Using educational theory and research to refine agricultural extension: affordances and
barriers for farmers’ learning and practice change. J. Agric. Educ. Ext. 23, 313-333.

https://doi.org/10.1080/1389224X.2017.1314861

Shepherd, G., Stagnari, F., Pisante, M., Benites, J., 2008. Visual Soil Assessment (VSA). Field Guides. 1.
Annual Crops. Food and Agriculture Organization of the United Nations (FAO), Rome.

Shepherd, T.G., 2000. Visual Soil Assessment. Volume 1. Field guide for cropping and pastoral grazing on

flat to rolling country. Horizons and Landcare Research. Palmerston North. New Zealand, P84.

Sol, J., Beers, P.J., Wals, A.E.J., 2013. Social learning in regional innovation networks: Trust, commitment

and reframing as emergent properties of interaction. J. Clean. Prod. 49, 35-43.

https://doi.org/10.1016/j.jclepro.2012.07.041



Stoate, C., Jones, S., Crotty, F., Morris, C., Seymour, S., 2019. Participatory research approaches to
integrating scientific and farmer knowledge of soil to meet multiple objectives in the English Fast

Midlands. Soil Use Manag. 35, 150-159. https://doi.org/10.1111/sum.12488

Stringer, L..C., Fleskens, L., Reed, M.S., de Vente, ., Zengin, M., 2013. Participatory Evaluation of
Monitoring and Modeling of Sustainable Land Management Technologies in Areas Prone to Land

Degradation. Environ. Manage. 54, 1022-1042. https://doi.org/10.1007/s00267-013-0126-5

Suskevic¢s, M., Hahn, T., Rodela, R., Macura, B., Pahl-Wostl, C., 2018. Learning for social-ecological
change: a qualitative review of outcomes across empirical literature in natural resource management.

J. Environ. Plan. Manag. 61, 1085-1112. https://doi.org/10.1080/09640568.2017.1339594

Suskevic¢s, M., T. Hahn, and R. Rodela. 2019. Process and Contextual Factors Supporting Action-Oriented
Learning: A Thematic Synthesis of Empirical Literature in Natural Resource Management. Society and

Natural Resources 32(7):731-750.

Toro-Mujica, P.M., Aguilar, C., Vera, R., Barba, C., Rivas, J., Garcia-Martinez, A., 2015. Changes in the
pastoral sheep systems of semi-arid Mediterranean areas: association with common agricultural
policy reform and implications for sustainability. Spanish J. Agric. Res. 13, e0102.

https://doi.otg/10.5424 /sjar/2015132-6984

Triste, L., Marchand, F., Debruyne, L., Lauwers, L., 2014. Reflection on the development process of a
sustainability assessment tool : Learning from a Flemish case Reflection on the development process

of a sustainability assessment tool : learning from a Flemish case. https://doi.otg/10.5751/ES-

06789-190347

Val, V., Rosset, P.M., Zamora Lomeli, C., Giraldo, O.F., Rocheleau, D., 2019. Agroecology and La Via
Campesina 1. The symbolic and material construction of agroecology through the dispositive of
“peasant-to-peasant” processes. Agroecol. Sustain. Food Syst. 43, 872-894.

https://doi.org/10.1080/21683565.2019.1600099

van Leeuwen, C.C.E., Cammeraat, E.IL.H., de Vente, J., Boix-Fayos, C., 2019. The evolution of soil
conservation policies targeting land abandonment and soil erosion in Spain: A review. Land use

policy 83, 174-186. https://doi.org/10.1016/j.landusepol.2019.01.018



Veerman, C., Pinto-Correia, T., Bastioli, C., Borbala, B., Bouma, J., Cienciala, E., Emmett, B., Frison,
E.A., Grand, A., Hristov, L., Kriau¢iuniené, Z., Pogrzeba, M., Soussana, J.F., Vela, C., Wittkowski,
R., 2020. Caring for soil is caring for life - Publications Office of the EU. Brussels.

https://doi.org/10.2777 /4833

Vernooy, R., Qiu, S., Jianchu, X., 2006. The power of participatory monitoring and evaluation: Insights

from south-west China. Dev. Pract. 16, 400—411. https://doi.org/10.1080/09614520600792275

Wood, B.A., Blair, H.T., Gray, D.I., Kemp, P.D., Kenyon, P.R., Morris, S.T., Sewell, A.M., 2014.
Agricultural science in the wild: A social network analysis of farmer knowledge exchange. PLoS One

9. https://doi.org/10.1371 /journal.pone.0105203



APPENDIX

Participation in different PM&E activities

Activities Participants Total Total
farmers participants

VSA of RA F4, F5, F6, F7, F8, F9 6 6

Workshop 1 Participatory selection of | F1, F2, F3, F4, F5, Fo, F7, F8, 9 14

soil quality indicators F11,T1, O1, R1, R2, R4

Workshop 2 Validation of the Farmer | F1, F2, F3, F4, F6, F7, F8, F10, 9 14

manual F11,T2,02,O3,R1,R3

Workshop 3 Sharing monitoring F4, F5, F6 ,F7, F8, F10, F12, R1 7 8

experiences in regenerative agriculture

Workshop 4 Sharing monitoring F1, F2, F4, Fo, F7, F8, F10, R1 7 8

experiences in regenerative agriculture

Farmers” manual evaluation F1, F2, F3, F4, F5, Fo, F7, F8, 12 12
F9, F10, F11, F12

Farmers” PM&E research evaluation F1, F2, F3, F4, F5, F6, F7, F8, 12 12

F9, F10, F11, F12

Letters indicate different actors where

: F=Farmer, R=Researcher, T=Technician from AlVelAl

association, O=Observer (i.e. students, AIVelAl members...)




