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Abstract

The Mediterranean region is facing major challenges for soil conservation and sustainable agriculture. Conservation agri-
culture (CA), including reduced soil disturbance, can help conserve soils and improve soil fertility, but its adoption in the
Mediterranean region is limited. Examining farmers’ perceptions of soil and underlying sociocultural factors can help shed
light on adoption of soil management practices. In this paper, we conducted a survey with 590 farmers across Morocco,
Spain and Tunisia to explore concepts that are cognitively associated with soil and perceptions of tillage. We also evalu-
ated differences in perceptions of innovation, community, adaptive capacity, and responsibility for soil. We found that
farmers’ cognitive associations with soil show awareness of soil as a living resource, go beyond agriculture and livelihoods
to reveal cultural ties, and link to multiple levels of human needs. Beliefs about the benefits of tillage for water availability
and yield persist among the surveyed farmers. We found that openness towards innovation, perceived adaptive capacity
and responsibility for soil were associated with minimum tillage, whereas community integration was not. Education, age
and farm lifestyle were also associated with differences in these perceptions. CA promotion in the Mediterranean should
emphasize the multiple values of soil, should demonstrate how sufficient yields may be achieved alongside resilience to
drought, and be tailored to differing levels of environmental awareness and economic needs across north and south.

Keywords Conservation agriculture - Farmer attitudes - Landscape value - Soil disturbance - Agricultural
intensification - Tillage

Abbreviations Introduction

CA  Conservation agriculture

TPB  Theory of Planned Behavior Healthy soils are crucial for global agriculture, yet agri-
DOI Diffusion of Innovation cultural intensification and widespread agricultural
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management practices are some of the main contributors
to soil loss and degradation worldwide (FAO, 2020). This
degradation can limit the capacity of soils to provide crucial
ecosystem services, including food production, and ham-
per the capacity of farmers to sustain their livelihoods. The
Mediterranean region is particularly vulnerable to soil deg-
radation, with high erosion rates, low levels of soil organic
matter, and strong human pressures (Aguilera et al. 2013;
Panagos et al. 2020; Ferreira et al. 2022). These trends, in
conjunction with climate change, pose serious challenges
for farmers.

In order to face these challenges, improve their soil, and
secure their livelihoods, many farmers worldwide practice
the principles of ‘Conservation Agriculture’ (CA). These
principles include minimal soil disturbance, permanent soil
cover, and crop diversification, including crop rotations
(FAO 2017). Across Europe, CA has been shown to pro-
mote ecosystem multifunctionality (Wittwer et al. 2021). In
Mediterranean dryland agriculture, CA practices have been
shown to mitigate land degradation caused by conventional
tillage and to improve soil organic matter content, water
retention, and other ecosystem functions and services (Kas-
sam et al. 2009; Laghrour et al. 2016; Lee et al. 2019). Addi-
tional incentives for implementing CA include reductions
in fuel and labor costs, as farmers do not need to perform
tillage operations, but perform seeding operations only.

Despite these benefits, the adoption of CA practices
among farmers in Mediterranean dryland agriculture is lim-
ited. One reason is that CA represents a fundamental shift
in thinking from conventional agriculture that includes till-
age (Kassam et al. 2009). This shift also requires specific
knowledge and technology to implement and to deal with
challenges such as weed and pest management (Lahmar
2010). Some Mediterranean farmers perceive practices for
soil cover, such as mulching, as negative, due to higher
costs compared to traditional tillage (Cerda et al. 2017).
These economic factors, as well as other socioeconomic and
biophysical conditions, have been shown to explain limited
CA adoption among farmers (Knowler 2015; Bijttebier et
al. 2018).

Sociocultural factors may further explain farmers’
adoption of CA practices (Knowler and Bradshaw 2007,
Wuepper 2019; Rust et al. 2020), particularly of minimiz-
ing soil disturbance, which is arguably the cornerstone of
CA. In general, farmers’ perceptions of their landscapes
and related practices can influence their land management
decisions, including soil conservation (Kessler 2006; Vuil-
lot et al. 2016; Wartenberg et al. 2018). One aspect is the
perception of the soil itself, including how it is viewed as
a resource, its uses and perceived value. Different mean-
ings and attachment to specific landscape elements can be
revealed by assessing stakeholders’ cognitive associations
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to these elements (Gottwald et al. 2021). Farmers have been
found to associate soil conservation with social values and
symbolic meanings, including how soil conservation mea-
sures fit into everyday life; that are, in turn, related to their
decision to till soil (Schneider et al. 2010).

Reluctance to implement alternative agricultural practices
can be linked to farmers’ adherence to traditional practices,
long-term (often inter-generational) knowledge and beliefs,
and the role of conventional practices in routine farming
(Schneider et al. 2010). In the Mediterranean region, tra-
ditional agricultural practices may be maintained over long
time periods and provide multiple ecosystem services, and
they are closely linked to local peoples’ cultural identities
(Quintas-Soriano et al. 2019; Garcia-Martin et al. 2021).
These traditions create a foundation for familiar agricultural
practices that farmers are often unlikely to deviate from. In
contrast, the adoption of new practices has been related to
the capacity for innovative thinking and openness to change
among farmers (Rust et al. 2020). These qualities have
been associated with young farmers with a more vocational
view on farming and greater flexibility (Schmitzberger et
al. 2005; Koutsou et al. 2014). Perceptions of innovation
and tradition are therefore tied to farmers’ implementation
of new practices. In addition, the degree of farmers’ integra-
tion into their local community, their social capital, and atti-
tudes towards development and collaboration with others,
can also affect their choice to implement alternative farming
practices (Kessler 2006; Willy and Holm-Miiller 2013; Rust
et al. 2020). For example, higher involvement in communal
activities and better social networks helped farming families
with land degradation issues in northwest Tunisia to imple-
ment sustainable land planning (Jendoubi et al. 2020).

Collectively, these perceptions, attitudes and knowledge
sources may relate to each other and play an important role
in farmers’ decision-making (Dhehibi et al. 2019). One rel-
evant theory that incorporates these elements is the Theory
of Planned Behavior (TPB) (Ajzen 1991). In this theory,
social expectations to adopt particular behaviors are known
as “subjective norms”, and can influence intent to adopt,
along with people’s confidence in their ability to do so. This
theory has been widely used in investigations of decisions
and behaviors of farmers (e.g. Borges et al. 2014; Suther-
land and Holstead 2014; Yazdanpanah et al. 2014; Tama
et al. 2021). Lang and Rabotyagov (2022) combined the
TPB with the Diffusion of Innovation (DOI) theory to study
landowners’ adoption of best management practices, and
found environmental awareness and attitudes significantly
affected adoption.

Farmers’ perception of their own capacity to adapt and
change is an important determinant for their choice of prac-
tices, especially in the context of climate change (Hyland
et al. 2016; Talanow et al. 2021). Farmers with higher
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perceived adaptive capacity are more likely to consider
changing practices than those who perceive their capacity
to adapt to be low. Capacity to adapt can also be associated
with perceived responsibility for landscape elements such
as soil. While farmers may be aware of adverse impacts of
certain practices, they may not attribute these impacts to
their own individual management, but rather seek to shift
or share responsibility (Ingram et al. 2010). Recognizing
responsibility to land, and the connections among land man-
agement and broader society, is increasingly viewed as an
essential part of effective land stewardship (Quartuch and
Beckley 2013; West et al. 2018). This perceived responsi-
bility is particularly relevant to soil, given that its manage-
ment can have effects on ecosystem health and productivity
at both local and regional scales.

Managing soil as a resource to ensure its healthy func-
tioning is particularly crucial in the face of both land deg-
radation and ongoing environmental change, including
climate change, which will alter Mediterranean agriculture
(Cramer et al. 2018; Montsant et al. 2021). Given these
acute challenges, the Mediterranean region has been found
to benefit from CA (Devkota et al. 2022). To support this
management, it is important to understand Mediterranean
farmers’ perceptions of and relations to soil and the socio-
cultural determinants of Mediterranean farmers’ uptake of
CA practices. Investigating farmers’ perceptions of soil is
especially important as their perspectives on land manage-
ment policy may differ from scientists and policy-makers
(De Souza Mello Bicalho and Dos Guimaraes Peixoto 2016;
Petrescu-Mag et al. 2020). It is of particular interest to com-
pare these perceptions across different Mediterranean coun-
tries, given the contrasting agricultural contexts in northern
and southern Mediterranean regions.

The aim of our study is to investigate the perceptions
of Mediterranean dryland arable farmers in relation to soil
and soil management, and to compare these perceptions
among those practicing CA and conventional agriculture.
We recognize that psychological and cultural factors moti-
vate farmers alongside socio-economic factors. We thus

designed a survey to investigate perceptions related to soil,
tillage, and the following sociocultural aspects of soil man-
agement: innovation, community integration, perceived
adaptive capacity and responsibility. These aspects relate
to the subjective norms and moral values of the TPB and
DOI theory (Yazdanpanah et al. 2014; Lang and Rabotya-
gov 2022). We aimed to understand the differences in these
perceptions and how this may relate to tillage practices and
additional sociodemographic variables.
The main research questions for our study were:

i) What do Mediterranean arable farmers cognitively
associate with soil?

ii) How do Mediterranean arable farmers perceive tillage
and sociocultural aspects of soil management?

iii) What is the difference in the above perceptions among
countries and between farmers practicing CA and con-
ventional agriculture?

We hypothesized that Mediterranean farmers who practice
CA, if compared to those farmers who are tilling, have (1)
different perceptions of soil as a resource, and (2) different
perceptions of sociocultural aspects of soil management.
Specifically, CA farmers may be more aware of soil as a
living resource or of its multiple roles in society; they may
be more open to innovation and less attached to traditional
practices or routines that could include conventional tillage;
they may be more engaged in their farming community; and
perceive they have a greater capacity to manage and take
responsibility for soil, than those tilling.

In this paper, we identify the materials and methods,
including survey design, that we employed to address our
research questions. We then present the results of the sur-
vey, followed by discussion of the main findings, includ-
ing the differences of perceptions among groups and how
regional agricultural traditions relate to soil management in
the study regions. Finally, we present study limitations and
conclusions.

Fig.1 Conservation agriculture practices in each of the study regions. From left to right: Sheep grazing in fallow fields, Morocco; a CA wheat field,

Spain; Direct seeding rows, Tunisia. Photos: Harun Cicek
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Materials and methods
Study regions

Our study areas were located in three agricultural landscapes
of varying rainfall gradients in Morocco, Spain and Tuni-
sia, where research partners including extension agencies
and research institutes have previously conducted studies
and developed outreach programs related to agronomy and
CA (Fig. 1). These sites cover both Northern and Southern
Mediterranean farmlands with different biophysical, socio-
economic and cultural characteristics.

Morocco

The three principal agricultural regions of Meknes, Oued
Zem and Settat cover a rainfall gradient across cereals-based
system regions of Morocco. The semi-arid regions of Oued
Zem and Settat receive limited rainfall (<300 mm/year).
Here cereal crops, primarily wheat, durum, and barley, and
forages are grown as annual crops. Small ruminants are an
essential component of the production system. The region
of Meknes receives higher rainfall (approximately 400 mm/
year). Cereal, food legumes and forage crops are the main
crops grown in the region. Plantations of olive trees, apples,
pears, prunes, and almonds are grown under supplement
irrigation where available. All regions have limited irriga-
tion and the majority of arable lands is rainfed. Livestock
grazing, primarily sheep, takes place after harvest freely and
there is no fencing to prevent herders from allowing live-
stock to graze on stubble. These regions have a network of
regional and local agricultural advisory services and farm-
ers practicing both no-till and conventional practices. An
estimated 10,500 ha of farmland are under CA (Kassam et
al. 2020; Mrabet et al. 2022).

Spain

Some of the main cereal and legume producing areas in
Catalonia include the protected rural area of Gallecs and its
surroundings, the counties of La Noguera and La Segarra in
the west of the territory, and the counties of Alt Urgell and
Cerdanya in the Catalan Pyrenees. The protected rural area
of Gallecs is northwest of Barcelona. It is a dryland arable
area with a low annual rainfall (approximately 600 mm/
year). The major crops are wheat, barley, oat, with some
legumes, vegetable and olive production. Most of the farm-
ers in this territory practice certified organic agriculture or
some other type of sustainable agricultural production. The
regions of La Noguera and La Segarra are located in the
west of the Catalan territory, in the province of Lleida. The
region’s climate is dry continental, with hot, dry summers
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and cold, wet, foggy winters. Cereal and legume production
in this region are often destined for the production of animal
feed, and most of the farmers in the survey (especially those
in Artesa de Segre and surrounding area, in the district of
La Noguera) produce pork and poultry. The counties of La
Cerdanya and Alt Urgell are located in the north of the Cata-
lan territory, in the Pyrenees, also in the province of Lleida.
The main agricultural activity in the region is extensive
cattle production; most of the farmers also produce fodder
(mainly alfalfa, vetch, sainfoins and cereals for fodder) and
some grain (barley, rye and wheat). Approximately 10-15%
of farmers across Catalonia are practicing some form of CA.

Tunisia

The Northern Tunisian agricultural regions of Zaghouan,
Siliana, Béja, Jendouba, Kef and Bizerte are located in two
bioclimatic settings: sub-humid and semi-arid. The semi-
arid region is marked by hot summers and cold winters, and
low annual rainfall (from 200 to 400 mm per year). The sub-
humid region has approximate average rainfall of 600 mm/
year and is more favorable for agriculture than the semi-arid
region. Production systems in the northern regions of Tuni-
sia are mainly based on cereals production, primarily wheat
and barley, combined with ruminant livestock. These six
regions have agricultural extension networks and links to
agricultural research institutes. Most farmers practice con-
ventional tillage, whereas approximately 14, 000 hectares
are under CA (Kassam et al. 2020; Mrabet et al. 2022).

Survey design and data collection

We designed a questionnaire to contain both open and closed
question types to obtain both qualitative and quantitative
data for analysis. The questionnaire included the following
thematic sections: soil and land management; traditional
and cultural practices; community, identity and adaptive
capacity; and sociodemographic information (Supplemen-
tary Material 1). The first question was a free association
question to derive the concepts that farmers associate with
soil. Statements were devised on tillage and on sociocultural
aspects of management including tradition, community,
management capacity, and responsibility for soil. Respon-
dents were asked to score their agreement with each state-
ment on a 5-point Likert scale (1 — strongly disagree to 5
- strongly agree). One limitation of surveys is acquiescence
bias, where respondents tend to agree with statements (Bar-
tling et al. 2022). In order to overcome this potential bias,
we included both positive and negative statements into the
Likert scales (Billiet and McClendon 2000). Respondents
were also asked to identify any practices that they consid-
ered traditional to their region in an open question, in order
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to identify regional cultural practices that may be linked to
soil and soil management. Questions on sociodemographic
information, such as age, gender and level of education
were asked at the end of the questionnaire and were framed
as open or multiple-choice questions.

Questionnaires were developed in English and translated
into Arabic, Catalan and French. Questions were pre-tested
with three to five farmers in each country to determine level
of understanding and improve clarity. Interviewers were
trained by project researchers in Morocco, Spain and Tunisia
to conduct the surveys using both paper copies and tablets.
The surveys were conducted face-to-face in the respective
local language between May 2021 and January 2022. We
aimed to reach 200 farmers in each country that cover a
range of farm sizes and of conventional and conservation
agriculture practices, including conventional and mini-
mum or no-tillage. We aimed to gather enough responses
to enable comparisons among farmer groups while keeping
the data collection feasible, but recognize that this is not
fully representative of the population of each region, simi-
lar to Fagerholm et al. (2019) and Casagrande et al. (2016).
The understanding of minimum tillage can vary according
to farmer, farming system, and country; some farmers may
refrain from tilling in general but practice limited tillage
operations for specific goals such as weed removal. For the
purposes of comparison, we considered minimum tillage to

Table 1 Profile of respondents

consist of tilling once a year or less (including no-tillage),
and conventional tillage to consist of tilling more than once
a year.

Farmers were initially targeted in each country through
existing extension networks and through lists of farm-
ers who have previously participated in research and
development projects. Farmers participated in the survey
either when attending training workshops, were visited
by researchers at their farm, or met at the location of a
regional association. Neighboring farmers to those initially
contacted were also visited and asked if they would like to
participate. Free, prior and informed consent was obtained
from all individual participants before beginning surveys.
Due to local regulations for the Covid-19 pandemic, meet-
ing many farmers face-to-face in Spain was not possible,
and therefore an online version of the questionnaire was cre-
ated using LimeSurvey software. The online questionnaire
was active between September 2021 and December 2021. A
link to this online version was sent to farmers contacted via
email or telephone by researchers. As we sought to inter-
view the farmers that were conducting on-field activities,
who in our study regions were mostly male, we did not seek
a gender-balanced sample. Responses from all three regions
were collected, cleaned and checked for clarity, translated
to English and placed into a central database for analysis.

Morocco (n=188)

Spain (n=185) Tunisia (n=189) Overall (n=1562)

Age 18-35 30 (16%)
36-50 75 (40%)
51-65 53 (28%)
>65 30 (16%)
Gender Female 0 (0%)
Male 188 (100%)
Prefer not to say 0 (0%)
Education No formal schooling 29 (15%)
Primary education 51 (27%)
Secondary education 84 (45%)
Technical training 4 (2%)
Bachelor degree 13 (7%)
Master degree or higher 0 (0%)
Ownership Sole or family-owned 154 (82%)
Other 34 (18%)
Role of farm for income Sole income 155 (82%)
Second job 28 (15%)
Hobby 5 (1%)
Median time spent farming 26 years
Median farm size 20 ha
Union membership 139 (74%)
Organic farming 0
Minimum tillage 100 (54%)

31 (17%) 15 (8%) 76 (14%)
78 (42%) 77 (40%) 230 (41%)
61 (33%) 73 (39%) 187 (33%)
15 (8%) 24 (13%) 69 (12%)
24 (13%) 10 (5%) 34 (6%)
158 (85%) 179 (95%) 525 (93%)
3 (2%) 0 (0%) (1%)

3 (2%) 13 (7%) 45 (8%)
19 (10%) 48 (25%) 118 (21%)
38 (20%) 49 (26%) 171 (30%)
70 (38%) 16 (9%) 90 (16%)
34 (18%) 33 (18%) 80 (14%)
21 (11%) 30 (16%) 51 (9%)
138 (78%) 146 (78%) 438 (78%)
38 (22%) 42 (22%) 114 (22%)
124 (67%) 134 (71%) 413 (73%)
44 (24%) 45 (24%) 117 (21%)
17 (3%) 10 (2%) 32 (6%)
23 years 24 years 25 years
36 ha 44 ha 30 ha

111 (60%) 103 (55%) 353 (63%)
92 (50%) 0 92 (16%)
140 (77%) 71 (38%) 311 (55%)
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Statistical analysis

We synthesized the sociodemographic information of 590
participating farmers into a table and removed rows with
missing values. This resulted in a dataset of 562 responses
(Morocco, n=188, Spain, n=185, Tunisia, n=189). The
respondent profile is shown in Table 1.

To analyze the responses to the free association question
on cognitive associations with soil, we first cleaned the raw
data by correcting spellings, removing common words, and
grouping together similar concepts. Where multiple con-
cepts were expressed in a single item, these were “separated
into multiple” items (Keddem et al. 2021, p3). We then cal-
culated the cumulative cognitive salience of each term using
the AnthroTools package in R (Purzycki and Jamieson-Lane
2017; Fremout et al. 2021). Cognitive salience is a measure
that considers the frequency and the mean rank of a free-
listed term, i.e. how often it is mentioned and whether it is
mentioned first or subsequently in a list (Sutrop 2001). It
is calculated as S=F/(NR) where F is term frequency, N is
the number of participants, and R is the mean rank. Terms
closer to the value of 1 are mentioned more frequently and
towards the beginning of a free-list, whereas those closer
to the value of 0 are mentioned less frequently and towards
the end of a free-list (Wartmann and Purves 2018). We com-
pared cumulative cognitive salience of terms among coun-
tries and among respondents implementing minimum tillage
and those tilling conventionally.

To analyze the Likert item responses on tillage and
sociocultural aspects, we first calculated the quality of the
dataset with Cronbach’s Alpha, a statistic that represents
the equivalence across a set of items and suggests data reli-
ability (Taber 2018). We then synthesized the responses to
the individual Likert items, then compared them by till-
age type and country visually using the ‘likert” and ‘HH’
packages, and checked for association among responses
and tillage practice with bivariate statistics (Fogarty 2019).
For the statements on agricultural tradition, innovation,
community, and adaptive capacity with relation to soil, we
checked the correlations among these Likert item responses
with Spearman’s rank correlation. We then created scales
of agricultural tradition, community integration, adaptive
capacity, and responsibility for soil by taking the mean of
the responses to related Likert items (Booysen 2002; Becker
et al. 2017; Greco et al. 2019). For example, for the mean
of preference for “agricultural innovation”, we combined
the Likert item responses for the following statements: “It
is important to me to follow what my ancestors did on the
land”; “It is important to me to follow international farming
trends”; “Innovation is more important to me than tradition”

@ Springer

and “There is no need to change farming practices that have
been in place for a long time.” For negative statements, we
reversed the response to facilitate the positive scale.

To investigate the associations among these responses
and the farmer characteristics, we used the resulting means
as response variables in linear regression models, with age,
education level, country, farming lifestyle, farm ownership,
farm size, union membership, tillage practice, and organic
farming as explanatory variables. We checked variable dis-
tributions for normality and log transformed farm size as
this variable was highly skewed. We checked for homosce-
dasticity with the studentized Breusch-Pagan test, and when
confirmed, ran the models using robust standard errors
using the coeftest function from the ‘sandwich’ package. We
checked diagnostic plots and tested the models for fit and
overdispersion with the ‘Dharma’ package.

For the open question on traditional farming practices,
we analyzed the responses by reviewing and coding the
responses into different categories, then aggregating the
identified practices by country. We then considered how
these practices may be related to soil management and to the
theme of tradition and innovation in Mediterranean land-
scapes. All analyses were performed in R Version 1.3.1093
and MaxQDA Version 2022.

Results
Concepts associated with soil

The free association exercise resulted in 131 concepts listed
by respondents that they cognitively relate with soil. The
most frequent and most salient term was “life” (F=170)
followed by “livelihood” (F=117) and “agriculture”
(F=97). The salience of listed terms varied by country
and tillage practice (Fig. 2). For example, “biodiversity”,
“nature” and “land” were more salient among those prac-
ticing minimum tillage (S=0.05, S=0.04 and S=0.09,
respectively) than those practicing conventional (S=0.02,
S=0.02 and S=0.04, respectively). Conversely, “inheri-
tance” and “future” were more salient among those practic-
ing conventional tillage (S=0.05 and S=0.04) compared
to those practicing minimum tillage (S=0.01 and S=0.01,
respectively). When comparing these terms by country, it is
clear that the term “biodiversity” was more salient among
farmers in Spain (S=0.1) than Morocco and Tunisia (S=0
and S=0.01, respectively), whereas “inheritance” was only
salient among farmers in Tunisia (S=0.12) and “future”
was mostly salient among farmers in Tunisia (S=0.10).
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a life 1

livelihood 1
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origin 1
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Morocco
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Tunisia

0.0 0.2 0.4 0.6
salience (Smith's S)

Fig. 2 Salience scores of terms identified by respondents as related to the concept of soil through the free association survey question, separated
by tillage practice (2a, left) and country (2b, right). Salience scores are calculated based on within-group sample sizes

Perceptions of tillage

The reliability testing of the dataset resulted in a Cronbach’s
Alpha of 0.68. The widely applied “rule-of-thumb” thresh-
old measure of acceptable data reliability is an alpha of 0.7
(Taber 2018). In comparing responses to statements about
tillage between farmers practicing conventional and mini-
mum tillage, we found that the greatest difference of opin-
ion was related to yield (Cramer’s V 0.39, Fig. 3), where
more farmers practicing conventional tillage agreed with the
notion of a positive relationship between tillage and yield.
In contrast, the majority of respondents from both groups
disagreed that tillage and water availability are unrelated
(Cramer’s V 0.16).

Sociocultural aspects of soil management

Responses to statements on sociocultural aspects were orga-
nized into four thematic groups: tradition and innovation,
community integration, perceived adaptive capacity, and
responsibility for soil management. Overall, respondents
perceived innovation to be more important than tradition
(73.8%), and disagreed with the notion that farming prac-
tices should be kept in place if they have been practiced
for a long time (78.1%, Fig. 4). Respondents generally felt
they had the capacity to improve the soils on their farm,
and perceived themselves to be adaptable. In terms of
community integration, respondents generally perceived
themselves to be active in their farming community. The
majority of respondents expressed that responsibility for
soil on their farm was their own (93.4%), but that in general,

@ Springer
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Conventional

Minimum/no till

Cramer’'s V

Tillage is the key tool for managing
weeds.

The farming landscape looks
better when the fields are tilled.

The more you till, the better the yield.

Tilling reduces the amount of water
available in the soil for crops.

| like to see clean, tilled fields.

Tilling the soil has no influence on
water availability.
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neither agree nor disagree
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Fig. 3 Responses to the Likert scale statements on tillage. Bars show responses from respondents separated by tillage practice (conventional till-

age, n=245, minimum tillage, n=311)

It is important to me to follow what my ancestors did
on the land.

It is important to me to follow international farming
trends.

Innovation is more important to me than tradition.

There is no need to change farming practices that
have been in place for a long time.

| am very active in my local farming community.

My farming decisions are similar to those of my
neighbours.

If there are new initiatives or ideas in my farming
community, | am willing to participate in them.

If | want to change my farming practices, | can do it
whenever | want.

| do not have the capacity to improve the soils on my
farm.

| am a very adaptable person.

| am responsible for the soil on my farm.

The soil is not one person’s responsibility, but
everyone’s.

The way | manage the soil has impacts on the
landscape and community beyond my farm.

100

[ disagree I strongly agree
I strongly disagree ' agree
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Fig.4 Responses to the Likert scale statements on four themes related to soil management; innovation, community integration, adaptive capacity,
and responsibility for soil. Bars show responses from all farmers grouped together (n=1562)
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responsibility for soil should be shared (73.1%). In terms
of the differences among conventional and CA farmers,
the strongest difference was for the perceived similarity of
farming decisions to those of their neighbors, where more
conventional farmers than CA farmers agreed with this
statement (Cramer’s V 0.22).

Relationships among sociocultural aspects and
farmer characteristics

The results of the multiple linear regression models show
that sociocultural aspects are associated with sociodemo-
graphic variables and tillage practice of respondents. We
report here the results that were statistically significant
(p<0.1). Age was negatively associated with innovation,
suggesting that older respondents are less likely to value
innovation over tradition (Table 2; Fig. 5). Innovation,
adaptive capacity and responsibility for soil were positively
associated with education. However, education was nega-
tively associated with community integration, suggesting
that respondents with a higher level of education perceive
less integration in their community, including less similarity
to their neighbors’ decisions (Fig. 5).

Perceptions differed significantly among countries, with
the importance of innovation over tradition, and community
integration generally greater in Morocco and Tunisia than
Spain, while responsibility for soil perceived as generally
greater in Tunisia than Spain and Morocco (Fig. 5). Agricul-
ture as main form of income and having a second job were
positively associated with adaptive capacity and perceived
responsibility for soil. Non-ownership was negatively asso-
ciated with openness to innovation, and larger farm size
was positively associated to community integration. Union
membership was positively associated with community
integration and adaptive capacity. Practicing minimum and
no-tillage was positively associated with innovation, per-
ceived adaptive capacity, and responsibility for soil, but had
no association with community integration. Overall, agree-
ment in perception was generally high among respondents
and the model coefficients were very small, except for inno-
vation and tradition (Table 2; Fig. 5).

Agricultural traditions related to soil management

As a follow-up to the Likert-type questions on tradition,
respondents were asked to name any practices that they saw
to be traditional to the region. The most commonly named
practices across all three countries were the use of specific
crops that were cultivated more frequently in the past than
in the present (Table 3). These crops included local vari-
eties of grains (Morocco and Tunisia) and legume culti-
vars and viticulture (Spain). Use of animals, primarily for

Table 2 Model results for Likert scale responses related to innovation, community integration, perceived adaptive capacity and responsibility for soil. Results that are statistically significant

(p<0.1) are highlighted in bold

Responsibility (Robust)

Estimate

3.41
0.03
0.07

Adaptive capacity (Robust)

Community (Robust)

Estimate

Innovation
Estimate
3.98

-0.08

0.07

Pr

Std. Error

0.16
0.03
0.02
0.08
0.06
0.11
0.11
0.06
0.02
0.05
0.05

Pr

Std. Error

0.21
0.04
0.03
0.09
0.09
0.14
0.13
0.08
0.02
0.07
0.07

Estimate
3.16
0.02
0.07

Pr

Std. Error

0.20
0.03
0.02
0.09
0.07
0.14
0.13
0.08
0.02
0.06
0.06

Pr

Std. Error

0.19
0.03
0.02

0.

<0.1

<0.1

<0.1
0.58

3.69

<0.1

(Intercept)

0.31

0.58

-0.02
-0.05
-0.36
0.16
0.01
-0.01

<0.1
<0.1
<0.1

<0.1

Age

<0.1
0.62

<0.1
<0.1

<0.1
<0.1

<0.1

Education

-0.04
0.57
0.23
0.18
0.00
0.03

-0.19
-0.17
0.25
0.23

09

-1.19
-0.19
0.10
0.04

Country_Spain

<0.1

<0.1

0.08
0.14
0.13

0.07

Country Tunisia

<0.1
0.11
0.99
0.15
0.32

<0.1
<0.1
0.36
0.13

0.93
0.96
0.26

0.48
0.78

Second_job

Sole_income

-0.07
0.03
0.16
0.12

-0.09
0.04
0.19
0.02

<0.1
0.34
0.53

-0.14
0.02
0.04
0.31

Ownership_other

<0.1

0.02
0.06
0.06

Farm size (log)

-0.05
0.16

<0.1

<0.1
0.66

Union

<0.1

<0.1

<0.1

Minimum tillage
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Fig. 5 Coefficients of linear regression models for mean responses to
items in themes of innovation, community integration, adaptive capac-
ity and responsibility for soil (y axes) for selected independent vari-

pulling machinery, was the second most commonly men-
tioned practice, followed by performing tasks by hand,
including sowing, weeding and harvesting. In relation to
direct soil management, deep or repeated tilling was identi-
fied as a traditional practice, but one that was no longer so
prevalent. Fertilizers such as slurry were also identified as
being historically important. Cultural rituals related to till-
age were identified in Morocco, including breaking bread
or a pomegranate on the plough for good luck, demonstrat-
ing the cultural significance of disturbing the soil. Some
farmers perceived use of hand tools, wooden implements
and less intensive farming on smaller farms as traditional,
while some farmers, primarily in Spain, viewed intensive
practices, such as production of cereal monocultures, as the
traditional approach in their region.

Discussion
Cognitive associations with soil

The free-association analysis revealed that farmers gener-
ally associate soil with the concept of life, and recognize it

@ Springer

ables age, education, country, union membership and tillage practice
(x axes). Bands and bars show 95% confidence intervals

as a medium linked to life cycles and the origin of life. This
suggests general awareness among the respondents of soil
as a living resource. However, the second and third most
salient terms were livelihood and agriculture, demonstrat-
ing the value placed on soil as a component of farming.
The concept of yield was more salient among those farm-
ers practicing conventional agriculture, suggesting a more
productivist mindset connected to soil, where soil is seen as
a farming asset (Lavoie and Wardropper 2021). However,
the concept of biodiversity was more salient among those
farmers practicing minimum and no-tillage, suggesting that
these farmers identify the biological life of soil, a concept
that goes more toward valuing the soil for its intrinsic value
as opposed to its instrumental value (Baveye et al. 2016;
Hervé et al. 2020). The salience of the terms nature and land
among these farmers also indicates greater awareness of a
conservation ethic.

Many of the different concepts identified were more
salient among farmers in one country than the others. These
differences may be due to language used to describe the con-
cepts associated with soil, with cultural differences among
regions suggesting different attachments to soil and farm-
land, and also with the farming approaches and identities
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Table 3 Categories of traditional and cultural practices identified by farmers in Morocco, Spain and Tunisia

Traditional Practice Morocco Spain Tunisia Total

N farmers % Row N farmers % Row N farmers % Row

total total total

Specific crops/products (e.g. local seed varieties) 20 18.2 67 60.9 23 20.9 110
Use of animals (traction) 72 70.6 15 14.7 15 14.7 102
Performing tasks manually (e.g. planting/weeding/harvesting 26 31.3 7 8.4 50 60.2 83
by hand)
Deep/repeated tilling 20 26.3 29 38.2 27 355 76
Use of specific tools and machinery (e.g. wooden tools) 30 60.0 20 40.0 0 0.0 50
Broadcast seeding 0 0.0 0 0.0 39 100.0 39
Specific fertilizer types (e.g. slurry, manure) 10 30.3 22 66.7 1 3.0 33
Timing of tasks (e.g. following lunar calendar) 15 48.4 14 45.2 2 6.5 31
Agriculture approach (e.g. monoculture) 0 0.0 21 95.5 1 4.5 22
Leaving fallow/pasture 5 25.0 15 75.0 0 0.0 20
Animal husbandry/breeding 5 27.8 13 72.2 0 0.0 18
Landscape features (e.g. terraces, stone walls) 0 0.0 15 100.0 0 0.0 15
Animal forage (e.g. in surrounding forest) 0 0.0 15 100.0 0 0.0 15
Use of insecticides/herbicides 0 0.0 14 933 1 6.7 15
Cultural rituals including food 10 100.0 0 0.0 0 0.0 10
Smaller farms 88.9 1 11.1 0 0.0 9
Flood irrigation 0 0.0 6 100.0 0 0.0 6
Burning fields 0 0.0 3 100.0 0 0.0 3
Gendered/family ordered tasks 0 0.0 1 100.0 0 0.0 1
Total 221 278 159 658

N refers to number of farmers that mentioned the practice from each country, while the percentage is of the row total

in each region. For example, in the region of Catalonia in
Spain, many farmers practice organic or small-scale mixed
farming that includes not only arable production but also
arboriculture and horticulture, and place value on farm-
ing systems that incorporate biodiversity. This ecological
mindset may also be related to the location of many of these
farms in the Gallecs region, which is partially managed as
a nature protection area. Corresponding farming identities
can shape farmers’ perceptions of their natural resources
(McGuire et al. 2015).

The different concepts identified demonstrate how soil
can be perceived at multiple cognitive levels. Soil was per-
ceived as a foundation for life and linked with life cycles,
not only from a farming perspective, but from a broader
human perspective. Multiple respondents linked soil with
family and belonging, while several noted the role of soil in
death and burial, a human ritual that involves physical pro-
cesses but is also imbued with social meaning. Thus we can
see that respondents’ perceptions of soil can be grounded in
fundamental understanding of the role of soils in provision-
ing for basic human needs, but also to more advanced social
constructs of agricultural management and technology, and
to higher ‘self-actualization’ needs, including belonging and
social ritual (Dominati et al. 2010).

Perceptions related to tillage

Respondents performing conventional tillage perceived
tillage to have benefits related to yield, weed management
and farm aesthetics more than those performing minimum
tillage. A main challenge for farmers that do not use her-
bicides is to integrate reduced tillage with weed manage-
ment (Casagrande et al. 2016). Another important aspect to
address is the perception of how tillage affects soil water
availability. Our findings suggest that many farmers prac-
ticing conventional tillage do not perceive tillage to have a
negative impact on water availability, although in dry years
CA systems have been shown to reduce evaporation to the
benefit of the crop and yield stability (Vastola et al. 2017).
These results demonstrate diverging beliefs on the effects of
tillage for soil health among farmers, whose practices may
not always achieve optimum soil condition for their region
and farm. Proponents of CA must address these beliefs in
order to increase its uptake, including demonstrating how
sufficient yields may still be achieved with CA (Devkota et
al. 2022).

Sociocultural aspects of soil management
We found that education and tillage practices were consis-

tently associated with four sociocultural aspects of soil man-
agement, similar to many studies elsewhere (e.g. de Graaff
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et al. 2008). These associations were observable when dif-
ferences among countries were also considered. In terms of
innovation, farmers with a higher level of education may
have more exposure to innovative technologies and the
knowledge as to how to implement them. Along with edu-
cation, age also plays a role in the shift towards adoption of
new practices, as younger farmers may take over from the
previous generation, or be more open-minded toward trying
new approaches, such as reduced tillage and no-till (Ahn-
strom et al. 2009; Koutsou et al. 2014; Dhehibi et al. 2019;
Mrabet et al. 2022). While respondents in Morocco and
Tunisia were similar in terms of preference for innovation,
respondents in Spain expressed less preference for innova-
tion over tradition. This may be due to the ecological mind-
set among this particular farming community. Traditional
practices can be viewed as low-intensity and thus more
ecologically sound than modern intensive farming, which
requires heavy inputs in terms of fertilizers and pesticides. In
Morocco and Tunisia, emphasis on increasing productivity
by government over the past half-century has encouraged a
shift away from traditional low-intensity practices (Mrabet
et al. 2022). The low number of women in the sample may
also impact the results, as a gender gap has been observed
for technological adoption and attitudes toward agrobiodi-
versity. While women may be more receptive to adoption
of certain practices and nature conservation on farms, they
can be hindered by lack of access to and knowledge of tech-
nologies (Druschke and Secchi 2014; Theis et al. 2018). The
limited number of women interviewed may be explained by
rural demographics, such as the aging and masculinization
of depopulated areas (Camarero and Oliva 2019).

Interestingly, level of education was negatively associ-
ated with perceived community integration, suggesting that
farmers with a higher level of education may consider them-
selves as apart to the wider farming community. Within this
theme, we found that the strongest difference among farm-
ers practicing minimum and conventional tillage was for the
perceived similarity of farming decisions to those of their
neighbors. This perception may be representative of “pio-
neer” farmers, that implement a new method or approach
before it becomes widespread. Such methods may include
conservation agriculture approaches, or organic methods,
which have been found to stigmatize farmers when this
approach is viewed negatively by the wider farming com-
munity (Ldhdesmaéki et al. 2019). These farmers are the cru-
cial innovators that are the first to adopt new technologies
in the DOI theory. Ensuring that the network of innovators
is open to newcomers is another key aspect for promoting
CA (Padel 2001).

Lower scores for perceived community integration were
found for respondents from Spain, where many farmers are
practicing organic farming, in comparison to those from
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Morocco and Tunisia. However, we did not find an asso-
ciation among perceived community integration and tillage
practice or organic practice, suggesting that farmers’ per-
ceptions of their community integration may be related to
other sociocultural aspects, social structures or practices.
One such aspect is union membership, that enables net-
working among farmers on shared issues of interest, such
as environmental regulations (Mills et al. 2017). Associa-
tion membership has been shown to be an important factor
for farmers’ adoption of innovative technologies in Tunisia
(Dhraief et al. 2019a).

Climate change, drought, fluctuating global market
conditions and rising costs challenge the concept that
Mediterranean farmers may operate in predictable change
conditions (Darnhofer et al. 2009; Mrabet et al. 2022). Per-
ceived capacity to adapt and change is therefore an impor-
tant component of uptake of soil conservation measures. If
farmers feel that they do not have the opportunity or the
means to improve their soils, this may suggest a lack of
available information or assistance for soil improvement,
as well as perceived environmental limitations. Adaptive
capacity may also link to the variety of options that farmers
believe they have, including off-farm income (Dhraief et al.
2019b). Again, we found that farmers with a higher level
of education perceived themselves to have greater adaptive
capacity to manage soil, as well as those in unions, echoing
Rust et al. (2020) who posit that adaptiveness in the con-
text of soil management can be linked to connectedness and
social norms.

In addition to adaptive capacity, perceived responsibility
for soil is a cognitive variable that has been found to have
a positive effect on the adoption of soil conservation prac-
tices (Lynne et al. 1988; Vignola et al. 2010). Indeed, we
found that farmers implementing minimum and no-tillage
perceived greater responsibility for soil, although we found
general agreement with the notion of farmers’ responsibility
for soil, both on the land they manage and beyond. Respon-
sibility was related to farmers with a higher level of educa-
tion, as found by Garcia-Martin et al. (2018), who revealed
strong links among placement attachment, environmental
awareness and responsibility across multiple European
sites. This sense of responsibility is a core component of
relational values, a concept that emphasizes bidirectional
relations between humans and nature (Chan et al. 2016;
Deplazes-Zemp and Chapman 2021). It is important to note
that these are only simple answers but attitudes and percep-
tions towards conservation in agriculture are complex and
multifaceted (Reimer et al. 2012). Deeper engagement in
the form of extended interviews with farmers could shed
more light on these themes.
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Traditional practices and relation to soil
management

Mediterranean countries have long arable farming histories
and traditions compared to other areas of the world that have
a large uptake of CA, such as Australia, South Africa and the
USA. By asking farmers what practices they consider tradi-
tional to their region, we could identify links among agricul-
tural tradition and soil management. The majority of practices
identified were on-farm activities for production. Many of
these are directly related to soil management, such as animal
traction, deep and repeated tilling and use of animal manure as
fertilizer. These practices are generally less common follow-
ing intensification and mechanization across Mediterranean
agriculture, but are still used in some areas, with implications
for soil health. For example, in Catalonia, Spain, the applica-
tion of pig slurry can result in soil, water and air pollution
and requires high levels of monitoring by farmers, which may
be a problem when farmers need to simultaneously increase
production and observe environmental regulations (Barbeta-
Vifas and Requena-i-Mora 2022).

Manual farming activities including planting, weeding
and harvesting by hand were identified more frequently
among respondents in Morocco and Tunisia than in Spain.
This is likely a consequence of the socioeconomic differ-
ences in farming among these countries, with availability of
human labor and pressure for resources being higher in the
southern Mediterranean (Kassam et al. 2020; Mrabet et al.
2022). A more balanced gender representation may provide
more detail on gendered tasks, which were mentioned by few
participants. This is important since the number of women
in farming has been slowly increasing in recent years (Euro-
stat 2022). In addition to on-farm activities, respondents in
Morocco identified the cultural activity of breaking bread or
eating pomegranate on the first day of tilling, demonstrating
how tillage is historically a celebrated part of agricultural
routine. The plough has long been a symbol of “good” farm-
ing from which farmers derive meaning and cultural capital
(Burton et al. 2008). Respondents in all three countries iden-
tified deep tillage as a traditional practice, indicating how
this type of soil preparation has been historically embedded
in agricultural tradition.

Study limitations

We recognize that our study has some limitations inherent
in the methods employed and the data generated. The analy-
sis of keywords in the free association exercise is limited,
particularly for the subject of soil, where many terms have
multiple meanings, making interpretation challenging. For
example, ‘working’ the soil can relate to tilling the soil or
ploughing, but some respondents mentioned ‘hard work’,

referring to the effort they must make for farming and taking
care of their land. Where words may be interpreted to have
more than one meaning, they were assigned to all relevant
codes. In addition, we recognize that the Likert scales can be
arbitrary, and the positions related to each Likert statement
may not be mutually exclusive, although the correlation
analysis (Supplementary Material 2) suggests correlation
among the Likert item responses put together for the mean
scores. While we aimed to target a range of farmers includ-
ing those who had not been involved in previous extension
or research activities, some bias towards these farmers may
be a result of the sampling.

Conclusion

Our study linked tillage practices to perceptions of soil and
sociocultural aspects of soil management among Mediter-
ranean farmers. We could only partially confirm our first
hypothesis that CA farmers have different conceptions of
soil as a resource compared to conventional farmers, as this
was true for environmental themes such as biodiversity,
but not for the association of soil to themes such as life,
agriculture and fertility. We found that farmers recognize
social and cultural values of soil as well as livelihood value.
Emphasizing these multiple values in outreach and exten-
sion programs could help foster farmers’ perceived respon-
sibility for soil, a characteristic we found to be related to
reducing tillage.

We were also able to partially confirm our second
hypothesis, as we found that CA adoption is related to
some sociocultural aspects of management, such as open-
ness to innovation. Many farmers in our study held beliefs
that tillage is beneficial for yield and water availability.
As drought pressures increase, yield stability through soil
health becomes more important across the region. Thus, the
benefits of reduced tillage for water retention must continue
to be promoted, whether that be through training, provid-
ing examples of successful local soil improvement, free trial
days or other forms of support. This support may also help
to develop farmers’ own adaptive capacity for soil manage-
ment, another sociocultural aspect that we identified to play
a role for soil conservation. Importantly, effort should be
made to reach farmers that are not in existing extension or
scientific networks. For farmers without higher levels of
education or scientific backgrounds, both theory and imple-
mentation of CA should be presented in straightforward
and accessible terms. It is also important to accept that late-
adopters require time and tailored advice to adopt, accord-
ing to DOI theory (Padel 2001).

Our study also found differences in perceptions among
countries, suggesting that CA promotion should be tailored
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to the local context. In Morocco and Tunisia, special atten-
tion should be paid to a more participatory approach for
integrating environmental issues into the farmers’ need to
generate profit. In Spain, where environmental aspects such
as biodiversity are more widely recognized, particularly
among the organic farming community, technical support to
integrate organic farming with reduced tillage should be pri-
ority. Recognizing the cultural and traditional practices that
relate to soil in local regions could be useful when advocat-
ing for specific practices to be locally acceptable.

To date, investigation of the psychological and cultural
factors that underpin adoption of CA have taken place
largely in Europe, North America or sub-Saharan Africa,
and often as single-country studies. Our study advances this
understanding in the Mediterranean context, with a cross-
country perspective that provides insights for the wider
region. We shed light on the salient concepts underpinning
farmers’ relationship to soil, an under-researched human-
nature relationship that has crucial implications for future
agricultural resilience. Further research could focus in
greater depth on farmers’ understanding of tillage and soil
health, their preferences for agricultural traditions, as well
as their roles for soil and landscape stewardship across the
Mediterranean.
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