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Integration of productivity, resource management, and institutional innovations

is crucial across di�erent system levels. Traditional research and extension

services face challenges in disseminating innovations e�ectively, leading to

the emergence of the agricultural innovation system (AIS) approach. AIS

involves collaboration among various stakeholders to improve the technological,

managerial, and institutional aspects of agriculture. Intermediary actors play

a pivotal role in facilitating innovation exchange and learning processes. In

Tunisia, farmer organizations (FOs) such as Groupements de Développement

Agricole (GDAs) and Sociétés Mutuelles de Services Agricoles (SMSAs) are

key intermediaries. However, there is a lack of comprehensive assessments

of FOs’ innovation roles, which this study aims to address using the social

network analysis (SNA) method. The findings aim to shed light on FOs’

e�ectiveness as innovation intermediaries and identify potential challenges

and benefits associated with their roles in innovation processes through the

comparison of three farmers’ groups divided by their membership status to

detect the e�ect of FO presence or absence on innovation facilitation and

actor’s configuration. The studied sample involves 592 farmers from the Kef

and Siliana governorates in northwestern Tunisia. The results show that FOs

are playing a crucial role in facilitating collaboration and knowledge exchange

among farmers and other agricultural actors. However, their e�ectiveness varies

depending on membership status and is always contextually influenced. While

FOs contribute to reshaping sales channels and optimizing access to services,

they face limitations in promoting inclusivity and equitable knowledge sharing.

The recommendations include strengthening FOs’ social dimension, addressing

trust barriers, and investing in reinforcement measures, especially in human

capital, to enhance their functionality. Strengthening measures can take many

forms, such as facilitating regulation and investing in capacity building. Long-

term strategies should re-evaluate the e�ectiveness of collective action and

focus on fostering a culture of shared learning and local empowerment.
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1 Introduction

Commonly, sustainable intensification (SI) aims at enhancing

the economic returns generated from an agricultural activity

unaccompanied by negative impacts on natural resources and

ecosystems (Pretty and Bharucha, 2014). Shifting to a sustainably

intensified agricultural system entails moving beyond conventional

practices that rely on external inputs to a more restorative

form of agriculture that prioritizes internal ecological processes

(Garnett et al., 2013). SI addresses universal worries about

agricultural activity’s detrimental impact on environmental quality

and natural resource availability, as well as the necessity of

achieving effective increases in yields on existing land without

further depleting natural habitats (Godfray and Garnett, 2014).

This kind of balance between achieving future food security and

environmental safeguarding makes SI foreseen as a promoting and

important pathway for agriculture (Thomson et al., 2019). Even

if it addresses ensuring food security with a strong productivism

approach, SI alone is not a sufficient condition for the sustainable

development of food systems and food security insurance (Belton

et al., 2020). SI requires integrating productivity, natural resource

management, and institutional innovations in an agile way to

ensure the pragmatic and rational use of the existing agroecological,

anthropic, and financial resources across different system levels in

a specific context (Robinson et al., 2015). Even if the importance

of institutional innovation as a supporter of SI is acknowledged,

more attention must be given to this type of innovation in

productivity and natural resource management (Schut et al., 2016).

So, we can understand that SI and agricultural innovation are

closely linked, and achieving the purpose of sustainability still

definitely depends on how we consider agricultural innovation

(Dicks et al., 2019).

In general, innovation is one of the drivers of economic

development, as any technological progress is an essential

contributor to ensuring resource use efficiency (Jorgenson, 2011).

This optimization has always been part of humans’ evolutionary

mindset (Sterelny, 2020). Simply, “innovation” can refer to

anything newly introduced into an economic or social process

in a specific context. Agricultural innovation always has hurdles

to increasing productivity in some way or another in total

households and/or in the agricultural sector. It also involves

adapting to changing environmental conditions, addressing social

and economic challenges, and promoting sustainable practices

that benefit both farmers and the environment (Ogundari and

Bolarinwa, 2018; Pigford et al., 2018).

Traditional research and extension services face several

challenges in facilitating the dissemination of agricultural

innovation, such as weakened interactions among institutions and

stakeholders. Furthermore, it has been shown by research and

development (R&D) experts that top-down strategies are often

unsuccessful in meeting the context-specific needs of smallholders.

These challenges have paved the way for the emergence of a new

concept, which is the “agricultural innovation system” (Faure et al.,

2012). This concept always insists that it should be considered from

a systematic and integrated perspective, aiming for sustainability

promotion and addressing multiple challenges at different system

levels (Gutiérrez Cano et al., 2023).

To promote innovation in Tunisia, a tentative reform took

place starting in the early 2000’s (Canesse, 2011), based on the

idea of irrigation management restructuration through the creation

of a new organizational form called agricultural development

groups (GDAs; Ben Mustapha et al., 2015). These farmer’s

associations were expected to be involved in local, rural, and

agricultural development (Elloumi, 2006). These GDAs participate

in other activities such as agricultural extension, common resource

management, governance, and farmer networking (Mhadhbi,

2021). Besides the GDAs, another organizational form was

reintroduced in the early 2000’s (2005 law): the mutual companies

for agricultural services (SMSAs), a renewed form of the

cooperatives. In the post-revolution socio-political context, it was

highly promoted and encouraged (Canesse, 2011). These choices

have shown many limitations, and the positioning of these FOs in

AIS has received a lot of criticism (Dolinska, 2017).

While the establishment and strengthening of these GDAs

and SMSAs have consistently been central to national policies

and numerous R&D initiatives, there remains a lack of efficacy

assessments of FO roles in the Tunisian context within the existing

literature. These deficits and limitations encompass various aspects,

including the methodology for evaluating the roles and impacts

of these associations as innovation intermediaries. The main aim

of this research is to conduct a comprehensive assessment of the

innovation roles played by FOs within the Tunisian context. It also

seeks to provide a better understanding of FOs functioning as key

intermediaries in the innovation process and critical issues that

challenge the efficacy of these FOs. The added value of this study

is that it addresses these existing knowledge gaps.

2 Conceptual framework

2.1 Theoretical background

The classic definition of “innovation system” insists on three

elements: the actors involved in generating and disseminating the

new knowledge or the innovation itself; the co-learning through the

process; and the institutional formal and informal linkage behind it

(North, 1995). Other definitions insist that it is a totality based on

knowledge generation, exchange, and use (Spielman, 2006). AIS, as

introduced by the World Bank in 2008, is based on the application

of an approach derived from the industrial sector and is a rising

concept advocated for system approaches (Gutiérrez Cano et al.,

2023).

The core idea behind this AIS approach is concentrated

on smoothing the complex interaction and the effective

reconfiguration of the actors’ tissue in service of technical,

social, and institutional development in an inclusive way (Schut

et al., 2016). This certainly requires the involvement of different

stakeholder categories. The facilitation of interactive learning

among these actors goes through intermediary actors and

structures that play a crucial role in the innovation process (Meyer

and Kearnes, 2013). Howells (2006) defines the intermediary

actors in AIS as the organizations playing the role of brokers

of access to knowledge and services from one actor to another.

The two major functions of these organizations are the support
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of innovation through knowledge mediation through the

reinforcement of information exchange and fostering the

learning process, and the second function is innovation material

intermediation, which encloses providing the required inputs,

facilitating access to market opportunities, and providing

related services (Kilelu et al., 2011). According to Yang et al.

(2014), many actors from the food system in developing

countries can play this role, for example: non-governmental

organizations (NGOs), national extension systems (NESs),

FOs, and producers’ cooperatives. The FOs (the subject of this

study) fulfill these functions as intermediaries in supporting

agricultural innovations.

2.2 Innovation intermediaries: a definition

The concept of agricultural innovation intermediation or

brokerage involves joining actors’ roles, such as learning, co-

generation of knowledge, and scaling efforts to disseminate

innovation among the AIS (Hermans et al., 2013).Various

studies, including those by Howells (2006), Kilelu et al.

(2011), Yang et al. (2014), and Iyabano et al. (2022) explored

the functions and roles of innovation intermediaries in the

agricultural innovation process. These studies reveal that

innovation intermediaries, also called by Dicecca et al. (2016)

“brokers,” play a set of roles, including facilitating collaboration,

brokering knowledge, transferring technology, building capacity,

connecting farmers to various actors, and facilitating access

to inputs (such as retailers), extension services, processors,

and markets.

Agricultural innovation intermediaries exist in various forms.

Public intermediaries, which are generally government-funded or

linked to public institutions provide research, extension, and policy

advocacy services, although these may be restricted by bureaucracy

and financial barriers, leading to a lower response rate toward

changing needs (Klerkx et al., 2010). Private intermediaries (private

companies, NGOs, and cooperatives) are often more market-

responsive but may have limited access for smallholder farmers due

to their profit-driven nature (Turner et al., 2016).

Furthermore, intermediaries can be classified into two types:

formal and informal intermediaries. Structured and reliable results

are provided by formal intermediaries such as research institutions

and universities, but these intermediaries may lack the necessary

flexibility to effectively address local needs. Power dynamics

and resource availability are the main factors influencing the

effectiveness of these intermediaries. Making solid connections

with policymakers can improve the influence of intermediaries on

agricultural policies and facilitate finding funding opportunities

(Klerkx et al., 2010). An intermediary’s ability to foster innovation

is often influenced by the availability of financial, human,

and informational resources, although public intermediaries

usually have budget constraints while private intermediaries are

encountered by market forces during their operations (Howells,

2006). In addition, the effectiveness of an intermediary is always

determined by various aspects, such as the production system,

market conditions, and socioeconomic determinants (Spielman,

2007).

2.3 FOs as innovation brokers

In developing countries, FOs play a central role as innovation

brokers through the mobilization of their network to disseminate

knowledge among farmers and at the community level (Dutrénit

et al., 2012). In a review study by Bizikova et al. (2020) in a

set of countries of Sub-Saharan Africa and India, the impacts of

FO membership on smallholders demonstrated positive impacts

on farmers’ income, yield and production, as well as on food

security and the environment, through the dissemination of “good”

agricultural practices and the facilitation of farmers’ access to

information, technical knowledge and support.

2.4 Conceptual framework

Figure 1 illustrates the innovation’s intermediary functions

of FOs, highlighting their roles in brokering networks, providing

innovation support, and offering material and non-material

assistance to promote agricultural innovation. From an

institutional perspective, FOs help to build networks with

other stakeholders within the agricultural sector through various

ways, including collaboration and partnerships (Gouët and

Van Paassen, 2012). They facilitate the establishment of formal

or informal connections with government agencies, research

institutions, input suppliers, and market actors. These linkages

are the basis of the intermediation role and innovation support

(Cofré-Bravo et al., 2019).

From an innovation perspective, the type of support provided

by the FOs to farmers and communities can be material or non-

material (Chandrakar et al., 2023). Material support is related

to facilitating access to machinery, financial support, inputs, and

markets (Shrivastava et al., 2022; Kumari et al., 2022). Non-

material support is related to knowledge and information exchange

with farmers (Parthiban Sakhti et al., 2015). This non-material

support includes the organization of training sessions to spread new

agricultural practices, technologies, and innovations (Msuta and

Urassa, 2015). In terms of information sharing, FOs facilitate the

exchange of information among farmers and other actors related

to market trends, opportunities, and new research findings (Krush

et al., 2015). This can help farmers stay updated on cutting-edge

innovations and best practices (He et al., 2018). Those functions

are to be explored to better assess the role of FO in agricultural

innovation processes.

3 Methodology

The researchmethodology was based on a quantitative analysis.

The study was conducted in the northwest region of Tunisia,

characterized by a mixed tree-crop-livestock farming system.

3.1 Case study

To evaluate the effectiveness of FO roles as innovation

intermediaries in the Tunisian context, four FOs (SMSA

Chouarnia, GDA Sers, SMSA El Rhahla, and SMSA Kesra) were
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FIGURE 1

FOs’ innovation intermediation functions (own elaboration; based on Howells, 2006; Kilelu et al., 2011; Yang et al., 2014; Iyabano et al., 2022).

selected according to their engagement and participation in a

set of research for development programs for SI and promoting

agroecology. The study area was located in the transect of Kef-

Siliana governorates in northwestern Tunisia (Figure 2), in the

context of crop-livestock rainfed systems. SMSA Chouarnia and

GDA Sers promoted innovations and agricultural practices related

to conservation agriculture, small machinery uses for byproduct

valorization, and forage mixtures incorporated in rotation. The

SMSA El Rhahla focused more on sustainable soil and water

conservation techniques in the context of land degradation and

water scarcity. The SMSA Kesra was working on developing the

local products market and agroforestry activities, as it was based in

a mountainous area (Alary et al., 2022).

3.2 Methods and data collection

To assess the effectiveness of FO innovation intermediation

and facilitation roles as described in Figure 1 and to perform

the needed analysis (Table 1), data were gathered through surveys

carried out between November 2022 and January 2023, with each

session lasting ∼60min. Interviews were conducted in-person and

guided by a set of close-ended questions designed to investigate

(i) farmers’ profiles and farming activity characterization and

(ii) farmers’ relations with various actors in the agricultural

system, knowledge, information, and service flow. The first section

focused on household demography, labor, land use, income,

livestock inventory, products’ self-consumption rates, input use,

and costs. The second section focused on addressing questions on

membership status, tracing the existence or absence of links with

a predefined list of actors, and the type, nature, and frequency of

these links.

A disproportionate stratified sampling method was used.

This method is particularly suitable when studying specific

subgroups that may be smaller in number but are critical to

the research objectives (Levy and Lemeshow, 2008). It enhances

the generalizability and validity of the study while minimizing

research biases (Kim and Wang, 2019). A representative sample

touching a total of 592 farmers from the studied zone (Figure 2)

included three strata: members of the correspondent FO (164

farmers), non-member beneficiary farmers (216), and non-member

and non-beneficiary farmers (212). A simple random sampling

was applied within each stratum (Hansen et al., 1953). This

segregation unfolded in three types and was the basis of comparison

in this study. “Members,” corresponded to farmers who had

paid an annual or monthly subscription to the FO. For “non-

member beneficiary farmers,” they were those who did not pay the

subscription fees but participated in the events organized by the

FOs and/or had access to paid or free services provided by the FO.

“Non-member and non-beneficiary farmers” were those farmers

who were out of the FO’s network. They did not have any kind of

collaboration with the FO in terms of services or any other form

of support. Farmers’ interviews helped to capture the overview of

farming activity (the context) and the innovation intermediation

roles (Figure 1) played by the FOs from the agricultural innovation

final users’ perspective.

The various steps of analysis and their respective aims are

described in Table 1 to contextualize the studied sample. The

farming profiles were reflected through an assessment of six

domains: human capital, production potential, availability of

financial resources, farm characteristics, production intensification,

and production goals. The choice of the variables was based on

a review of a set of studies related to farm typology and farm

characterization, such as those by Alvarez et al. (2018) and El

Ansari et al. (2020). This characterization was followed by a

Kruskal–Wallis test to compare these farming profiling variables

among three groups of farmers, depending on their membership

or relationship with FO. The choice of this test is explained by the

number of groups (3) and only one categorical variable, which is

membership (McKight and Najab, 2010).

The second step was basically done using the SNAmethodology

to assess the intermediation roles among the three farmers’ groups

(members, non-members, and beneficiaries; non-member and

non-beneficiary). This method offers a clear understanding of

the relationship between the studied farmers and their position

in the entire network or agricultural system (Devi and Tripathi,

2020). It also demonstrated its efficiency under an AIS approach

(Schut et al., 2017). It is also considered as a flexible method (El

Amrani and Beni Houd, 2022). Even though SNA is a useful and

recommended tool, it faces significant limitations (Redhead et al.,

2023). As it heavily relies on self-reported data, it can introduce

biases such as social desirability and recall bias, which affect

the results’ reliability (Kolleck, 2013). So, applying this method

required caution to prevent oversimplification and maintain the

accuracy of the assumptions.
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FIGURE 2

Location map of the study region.

TABLE 1 Study methods by step.

Steps Aim Analysis/method References

Step 1. Contextualization To compare production choices and

farming profiles among the studied sample

based on FOs’ membership status to

contextualize the study and understand the

environmental factors that may influence

later results

Kruskal–Wallis test, a non-parametric test

to assess differences among groups on a

non-normally distributed continuous

variable

McKight and Najab, 2010

Step 2.1. Network assessment To assess the difference in terms of actors’

connectivity for adherent and

non-adherent FO farmers. To evaluate the

role of FO adherenc

Social network analysis to study and

visualize social structures by examining

the relationships and interactions

among individuals or entities within a

network.

Sosa (2022)

Step 2.2. Knowledge exchange role

assessment

To assess the difference in terms of

knowledge exchange network for adherent

and non-adherent to FOs farmers.

Step 2.3. Information exchange

role assessment

To assess the difference in terms of

information exchange network for

adherent and non-adherent to FOs farmers.

Step 2.4. Service delivery role

assessment

To assess the difference in terms of service

delivery network for adherent and

non-adherent to FOs farmers.

Source: Author’s elaboration (2024).

For, the collected and compiled data, as presented in Table 2,

in the subsequent analysis, certain variables were utilized directly,

while for others, specific calculations were conducted to derive

more reflective variables. Furthermore, a list of actors, along with

the acronyms or abbreviations associated with a description, is

presented in Appendix 1 to facilitate understanding the role of each.

For contextualization, all data manipulation and analysis were

executed using IBM SPSS 25. While the SNA was performed using
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TABLE 2 Variables used in the analysis.

Analysis Domain Variables (unit) Source

Contextualization (farming

activities, farmers profiles)

Human capital Household head age (year) Primary data from the survey

Household head education (year) Primary data from the survey

Household head experience in agriculture

(year)

Primary data from the survey

Household size (persons) Primary data from the survey

Production potential Cultivated land (ha) Primary data from the survey

Irrigated land (%) Calculated from the primary data

Availability of financial resources Off-farm income (TND) Primary data from the survey

Herd total value (TND) Calculated from the primary data

Farm characteristics Livestock (head) Primary data from the survey

Trees (number) Primary data from the survey

Major crops (ha) Primary data from the survey

Production intensification Human pressure on cultivated land

(person/ha)

Calculated from the primary data

Manure use (kg/ha) Calculated from the primary data

Seed cost (TND/ha) Calculated from the primary data

Production goals Hay self-consumption (%) Calculated from the primary data

Straw self-consumption (%) Calculated from the primary data

Olive self-consumption (%) Calculated from the primary data

Percentage of household members working

on farm (%)

Calculated from the primary data

Social network analysis Network brokering Membership to FO (1,2,3)∗ Primary data from the survey

Collaboration with an actor (binary yes/no)∗∗ Primary data from the survey

Communication frequency Primary data from the survey

Innovation support Information exchange with this actor (binary

yes/no)

Primary data from the survey

Information exchange frequency Primary data from the survey

Knowledge exchange with this actor (binary

yes/no)

Primary data from the survey

Knowledge exchange Primary data from the survey

Service provision from this actor (binary

yes/no)

Primary data from the survey

Service provision frequency Primary data from the survey

Source: Author’s elaboration (2024).
∗The membership to FO can take three forms: 1: member, 2: non-member and beneficiary, 3: non-member non-beneficiary.
∗∗The survey provides a list of 20 actors that covers these categories: administration, development, services, business, extension, and research.

Gephi software. The results of SNA have been reflected in fourmain

indicators, which were calculated using the following formulas:

Degree (v) =
∑

uǫV Avu; A is the adjacency matrix, and Avu =

1 if there is an edge between node v and node u, and 0 otherwise

Weighted Degree (v) =
∑

uǫV wvu; wvu is the weight or the

frequency of the edge between node v and node u

Closeness Centrality (v) = 1∑
uǫV d(v,u)

; d (v, u) is the shortest

distance between node v and node u

Eigenvector Centrality (v) = 1
λ

∑
uǫV Avu • EC(u); λ is a

constant (the largest eigenvalue of the adjacency matrix A ) and

EC(u) is the eigenvector centrality of node u.

4 Results

4.1 Contextualization

Table 3 presents a comparative analysis pertaining to distinct

domains that delineate farmers’ profiles within three distinct

farmers’ groups. A significant difference (at 95% level) among

the three groups existed in human capital, notably in terms

of educational level, FO members exhibited the highest mean

education level with a value of 6.35 years (corresponding to a

primary school level) compared to 4.05 and 4.68, respectively.
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TABLE 3 Characteristics of the farmers.

Domain Variables (unit) Member (164) Non-member—
beneficiary

(216)

Non-member—
non-beneficiary

(212)

Kruskal–Wallis H
(sig)

Human capital Household head age

(year)

53.35 56.38 54.94 3.25 (0.19)

Household head

education (year)

6.35 4.05 4.68 36.17 (0.00)∗

Household head

experience in agriculture

(year)

33.11 34.17 32.81 0.61 (0.74)

Household size (persons) 3.92 3.39 3.61 13.69 (0.001)∗

Production potential Cultivated land (ha) 4.72 3.83 5.24 4.3 (0.11)

Irrigated land (%) 32.33 28.06 27.64 1.3 (0.52)

Availability of financial

resources

Off-farm income (TND) 74.70 56.03 83.30 0.9 (0.64)

Herd total value (TND) 9,602.61 9,987.94 13,421.64 4.0 (0.13)

Farm characteristics Sheep 10.31 9.94 14.25 5.67 (0.06)

Goat 0.82 0.33 0.71 1.14 (0.56)

Beehives 1.99 1.61 0.39 2.24 (0.33)

Dairy cow 0.13 0.11 0.25 1.6 (0.45)

Fattening cattle 0.08 0.07 0.14 1.38 (0.5)

Olives 83.12 73.78 83.47 3.06 (0.22)

Almond 4.44 5.79 6.74 1.39 (0.49)

Wheat 0.08 0.02 0.14 0.77 (0.68)

Oat 0.24 0.19 0.29 1.03 (0.59)

Grazing land ha 1.06 1.14 1.67 3.06 (0.97)

Grazing days 25.88 21.99 37.75 0.07 (0.96)

Production

intensification

Human pressure on

cultivated land

(person/ha)

0.64 0.78 0.65 2.5 (0.28)

Grazing pressure

head/ha

12.96 12.68 11.96 1.24 (0.54)

Manure use (kg/ha) 226.37 198.83 156.58 1.49 (0.47)

Seed cost (TND/ha) 73.46 68.22 64.86 3.98 (0.14)

Production goals Hay self-consumption

(%)

20.29 18.19 19.52 1.17 (0.55)

Straw self-consumption

(%)

44.64 40.35 42.88 0.65 (0.72)

Olive self-consumption

(%)

11.00 12.61 9.99 0.8 (0.66)

Percentage of household

members working on

farm (%)

37.65 42.28 41.17 1.6 (0.44)

Source: Author’s elaboration from analysis of field data (2023).
∗At a significance level of 5%.

Additionally, a significant difference in family size was observed

between groups.

Conversely, the production potential demonstrated no

statistically significant differences in terms of land size and

irrigation. Regarding farm characteristics, livestock (sheep,

cattle, and goat), trees, annual crops, and grazing-related

indicators revealed no discernible disparities among the

three groups.

The same level of intensification, as reflected by metrics such as

manure utilization, seed cost, and on-land pressure, was observed

across all three groups. In terms of production goals, no statistically

significant differences emerged among the groups. The results
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TABLE 4 SNA results for network brokering function by the farmer group.

SNA results Degree Weighted degree Closeness centrality Eigenvector
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FO’s president 101 120 23 1,327 1,529 331 0.65 0.64 0.44 1 1 0.78

FO’s treasurer 63 54 6 852 672 108 0.49 0.43 0.34 0.75 0.52 0.18

FO’s M or B 27 39 1 322 604 24 0.4 0.4 0.27 0.31 0.42 0.04

Other farmers 18 46 4 309 929 63 0.38 0.41 0.31 0.2 0.51 0.14

Intermediaries 18 27 15 219 267 166 0.38 0.38 0.39 0.22 0.31 0.62

Input suppliers 24 23 15 183 156 96 0.39 0.38 0.4 0.32 0.3 0.58

OEP 42 7 3 357 38 17 0.43 0.35 0.32 0.56 0.09 0.13

APIA 6 1 0 60 12 0 0.36 0.29 0 0.1 0 0

Research institutes 9 1 0 64 12 0 0.36 0.32 0 0.14 0.01 0

Private veterinarian 50 65 25 265 286 92 0.45 0.46 0.45 0.56 0.64 1

Veterinarian (CRDA) 34 68 14 95 180 52 0.41 0.46 0.4 0.42 0.69 0.62

UTAP 31 44 12 261 405 85 0.41 0.41 0.39 0.39 0.46 0.48

ICARDA 49 19 1 472 173 1 0.45 0.37 0.3 0.6 0.17 0.08

GIZ 41 5 1 246 49 12 0.43 0.34 1 0.49 0.05 0.002

Farmers (mean) 4.7 3.73 2.33 45.65 37.4 21.44 - - - - - -

Source: Author’s elaboration from analysis of field data (2023).
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FIGURE 3

Social network graphic illustrations for network brokering function (legend: green = farmers; orange = farmer organization; red = NGOs; blue =

business/private; turquoise = development, administration and extension system; yellow= research and university).

revealed that the main differences between groups were very

limited, and the FO affiliation was not dependent on the compared

characteristics except for two significant differences related to

human capital.

4.2 Network brokering

Table 4 provides a comparison of collaboration dynamics

within distinct farm groups (Figure 3). Notably, the frequency

of collaborations with various actors exhibited a clear difference

among members, beneficiaries, and non-beneficiaries. Members,

on average, engaged with 4.7 actors, reflecting an extensive

collaboration. In contrast, the beneficiary group demonstrated

an average collaboration with 3.73 actors, while non-beneficiaries

engaged with a more limited pool, averaging 2.33 actors. The same

pattern was also relevant for collaboration intensity, reflected in

weighted degrees, where members had the highest value of 45.65,

followed by beneficiaries at a level of 37.4, and non-beneficiaries

with the lowest value of 21.44.

Exploring eigenvector centrality, members exhibited the

highest values, particularly with regard to the FO’s president (1), FO

treasurer (0.75), and collaboration with international organizations

such as ICARDA (0.6) and OEP (0.56), along with a private

veterinarian (0.56) and GIZ (0.49). Beneficiary farmers similarly

prioritized collaboration with the FO’s president (1) but exhibited

elevated values for collaboration with other farmers (0.51) and

private and public veterinarians (0.64 and 0.69, respectively). In

contrast, non-beneficiaries placed a premium on collaboration

with private veterinarians (0.78), FO’s president (0.62), and input

suppliers (0.58).

Closeness and centrality showed other patterns. Members

exhibited a peak value of 0.65 for the FO president and close

values ranging between 0.4 and 0.45 for actors from international

organizations and other farmers. Beneficiaries mirrored this

same pattern, while non-beneficiaries deviated, with the highest

closeness centrality attributed to GIZ (0.65), followed by private

veterinarians. Results reflected the nuances in collaborative

dynamics across diverse farmers’ groups.

4.3 Knowledge exchange

In the context of the knowledge exchange network (Table 5

and Figure 4), among members, FO’s president held the highest

centrality score at 0.54. International organizations exhibited

notable scores of 0.47. Other actors within this group had scores

ranging from 0.31 to 0.4. For the beneficiary group, OEP emerged

with the highest closeness centrality score of 1. FO’s president

followed closely with a score of 0.57, while the Milk Center

maintained a score approaching 0.5. Conversely, null scores

characterized CRDA, CTV, APIA, Synagri, and research institutes.

Examining the non-beneficiary group, intermediaries attained the

highest closeness centrality score of 1, with moderate scores

∼0.45 for CTV, olive merchants, and input suppliers. In contrast,

international organizations (CRDA, OEP, and APIA) registered

null scores.

Turning to eigenvector centrality, within the members’ group,

FO’s president commanded the highest score of 1. High values of

0.81 and 0.80 characterized ICARDA and GIZ, respectively, while

FO’s treasurer held a moderate centrality score of 0.56, followed by

OEP with a value of 0.35. For beneficiary farmers, FO’s president

again took the lead in eigenvector centrality, while CRDA, OEP,

APIA, and research institutes maintained null values. Other actors

in this group exhibited relatively low scores, ranging from 0.01 to

0.17. In the non-beneficiary group, intermediaries had the highest

eigenvector centrality score of 1, followed by olive merchants

and input suppliers with scores of 0.77 and 0.49, respectively.

Null values were observed for CRDA, APIA, research institutes,

ICARDA, and GIZ.
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TABLE 5 SNA results for knowledge exchange function by the farmer group.

SNA results Degree Weighted degree Closeness centrality Eigenvector
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FO’s president 33 28 3 618 463 43 0.54 0.57 0.80 1.00 1.00 0.14

FO’s treasurer 15 5 0 262 120 0 0.43 0.29 0.00 0.56 0.17 0.00

FO’s M or B 10 1 0 104 24 0 0.39 0.28 0.00 0.32 0.04 0.00

Other farmers 4 0 1 63 0 3 0.33 0.00 1.00 0.15 0.00 0.02

CRDA 5 0 0 74 0 0 0.38 0.00 0.00 0.22 0.00 0.00

CTV 3 0 1 43 0 7 0.37 0.00 0.44 0.17 0.00 0.06

OEP 9 1 0 75 1 0 0.40 1.00 0.00 0.35 0.00 0.00

APIA 2 0 0 36 0 0 0.36 0.00 0.00 0.12 0.00 0.00

Milk center 6 2 1 120 48 24 0.38 0.50 1.00 0.18 0.01 0.02

Cereals center 2 2 0 48 8 0 0.36 0.33 0.00 0.10 0.06 0.00

Intermediaries 4 2 6 67 13 55 0.37 0.33 0.48 0.15 0.06 1.00

Olive merchant (oil mill) 3 2 4 51 8 39 0.37 0.33 0.48 0.15 0.06 0.77

Input suppliers 2 1 3 19 3 39 0.31 0.33 0.45 0.08 0.06 0.49

Research institutes 4 0 0 20 0 0 0.33 0.00 0.00 0.15 0.00 0.00

Private veterinarian 5 7 0 38 42 0 0.37 0.36 0.00 0.15 0.11 0.00

Veterinarian (CRDA) 6 3 1 25 18 12 0.38 0.63 0.32 0.19 0.02 0.23

UTAP 6 5 1 56 53 12 0.38 0.35 1.00 0.14 0.12 0.02

Synagri 2 0 1 31 0 24 0.36 0.00 0.32 0.08 0.00 0.23

ICARDA 23 3 0 271 34 0 0.47 0.29 0.00 0.81 0.05 0.00

GIZ 23 1 0 170 12 0 0.47 0.28 0.00 0.80 0.04 0.00

Famrers mean 2.98 1.31 1.47 39.1 17.7 17.2

Source: Author’s elaboration from analysis of field data (2023).
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FIGURE 4

Social network graphic illustrations for knowledge exchange function (legend: green = farmers; orange = farmer organization; red = NGOs; blue =

business/private; turquoise = development, administration and extension system; yellow= research and university).

4.4 Information exchange

In terms of information exchange, the closeness and centrality

values presented in Table 6 revealed differences among various

groups (Figure 5). For the first group (members), FO’s president

emerged as the most central figure, attaining the highest value

of 0.62, followed closely by FO’s treasurer with a score of 0.48.

ICARDA and OEP exhibited comparable high values of 0.43,

while CTV and CRDA closely trailed with scores approaching

0.4. In contrast, research institutes demonstrated relatively lower

centrality, registering at 0.35. Examining the beneficiary farmers’

group, GIZ stood out with the highest centrality value of

1. FO’s president also retained a significant score of 0.49.

Furthermore, the null values (indicated as 0) for CRDA and

research institutes reflected the limitations of these actors. CTV

and OEP exhibited diminished centrality values, recorded at 0.23

and 0.32, respectively, compared to the members’ group. For non-

beneficiaries, research institutes displayed null centrality values.

Extension-related actors such as CRDA, CTV, andOEP consistently

maintained moderate centrality values ∼0.3. FO’s president again

boasted a high centrality value of 0.46.

Concerning eigenvector centrality, within the members’

network, FO’s president commanded the highest centrality with

a score of 1. OEP followed closely with a value of 0.58, while

ICARDA also demonstrated a noteworthy score of 0.55. In contrast,

research institutes exhibited the lowest eigenvector centrality

value, reaching only 0.15. Among the beneficiary group, FO’s

president attained an eigenvector centrality score of 1. Other

farmers and members/beneficiaries also demonstrated moderately

important values of 0.56 and 0.48. UTAP exhibited a score of 0.4,

followed closely by veterinarians and private veterinarians with 0.38

and 0.36, respectively. However, actors such as CRDA, research

institutes, and Synagri registered a null eigenvector centrality score.

In contrast, for the non-beneficiary group, FO’s president

remained with a score of 1, while research institutes exhibited

null eigenvector centrality values. CRDA, CTV, and OEP displayed

relatively higher values of 0.15, 0.14, and 0.14, respectively,

compared to their counterparts in the beneficiary group.

4.5 Services’ provision

Looking at the closeness centrality in Table 7, there was not a

big difference between the groups for most actors (Figure 6), except

for the ones linked to the FO, such as members, the treasurer,

the president, and the OEP. For members, the closeness score for

private veterinarian was 0.51, followed by the FO president with

0.5. In the beneficiary group, the FO’s president took the lead with

a score of 0.56. For non-beneficiaries, the FO’sM or B has the lowest

score with a value of 0.00.

In the case of eigenvector centrality, for members, the highest

score was for the private veterinarian with a value of 1, followed by

the FO president at 0.93 and the veterinarian at 0.78. The UTAP

and Input suppliers followed with a score of 0.5. In the beneficiary

group, the FO’s president took the highest value with a score of

1, veterinarians followed closely with ∼0.7, and UTAP scores 0.48.

Non-beneficiaries had the private veterinarian leading with a value

of 1, followed by intermediaries at 0.73, veterinarians (CRDA) at

0.65, and input suppliers at 0.61. Olive merchants had a score

of 0.41.

5 Discussion

5.1 The transect Kef-Siliana, the diversity,
and the disparity

The studied farmers in the Kef-Siliana transect represent a

typical model of small-scale agriculture in north-west Tunisia, as

defined by Khaldi and Saaidia (2017). This farming system in the

semi-arid stage had especially low resilience to climate change,

market volatility, input and resource degradation, and scarcity. It
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TABLE 6 SNA results for information exchange function by the farmer group.

SNA results Degree Weighted degree Closeness centrality Eigenvector
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FO’s president 84 51 17 1,173 950 298 0.62 0.49 0.46 1.00 1.00 1.00

FO’s treasurer 51 15 5 679 283 96 0.48 0.36 0.28 0.74 0.33 0.25

FO’s M or B 19 22 1 270 461 24 0.39 0.39 0.26 0.30 0.48 0.08

Other farmers 17 30 2 306 687 48 0.37 0.41 0.29 0.22 0.56 0.18

CRDA 17 0 3 157 0 32 0.38 0.00 0.31 0.31 0.00 0.15

CTV 16 1 3 133 1 34 0.38 0.23 0.30 0.28 0.01 0.14

OEP 36 2 2 304 13 14 0.43 0.32 0.31 0.58 0.04 0.14

Research institutes 8 0 0 61 0 0 0.35 0.00 0.00 0.15 0.00 0.00

Private Veterinarian 16 17 9 93 80 32 0.38 0.38 0.36 0.19 0.36 0.53

Veterinarian (CRDA) 17 20 4 56 60 15 0.38 0.38 0.34 0.25 0.38 0.30

UTAP 22 15 4 168 167 21 0.40 0.38 0.37 0.32 0.40 0.30

Synagri 3 0 1 34 0 24 0.35 0.00 0.22 0.06 0.00 0.03

ICARDA 37 3 1 345 11 1 0.43 0.28 0.26 0.55 0.03 0.08

GIZ 32 1 0 204 1 0 0.42 1.00 0.00 0.47 0.00 0.00

Farmers (mean) 3.72 2.09 1.90 39.8 29.9 22.2

Source: Author’s elaboration from analysis of field data (2023).
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FIGURE 5

Social network graphic illustrations for information exchange function (legend: green = farmers; orange = farmer organization; red = NGOs; blue =

business/private; turquoise = development, administration and extension system; yellow= research and university).

is characterized by limited plot sizes (Table 3), not exceeding 5

ha as described by Dhehibi et al. (2023), and a modest potential

for intensification. Marzin et al. (2017) defined a similar system

that combines livestock farming with annual crops, including

arboriculture, mainly olive growing.

As a response to the challenges, many measures were taken

by the agricultural system actors such as the reinforcement of

system integration, income diversification, and the encouragement

of collective action (Ben Nasr et al., 2021). In Tunisia, this

collective action in agriculture took two forms of organizations:

agricultural development groups (GDA) and mutual agricultural

services company (SMSA; Dhraief et al., 2019). The determinants

of farmer participation or adherence to these organizations,

mentioned by Sitoe and Sitole (2019), are in line with the

present study, as the only factor influencing membership or non-

membership was human capital (Table 3). Specifically, educated

individuals had a propensity to adhere to FOs (Etim et al., 2021).

Obviously, the agricultural context in Kef-Siliana, whether in

terms of production choice, production intensification, production

objectives, or availability of financial resources, remains similar

for members of FOs, beneficiaries only, or those not linked to

FOs. This reflects that FO membership depends mostly on human

capital, especially education level and household size. These results

contradict the findings of Rokhani et al. (2021), who highlighted

that the participation of FOs depends on farm characteristics, such

as land tenure, farming choices, and other factors, rather than

human capital. The comparison of social networks between the

groups depends solely on whether they belong to the FOs. The

farming systems are practically the same across the three farmer

groups studied.

5.2 Network brokering and building

For the first intermediation function, networking and

collaboration facilitation, FOs played a significant role in

facilitating collaboration between farmers and other actors from

the agricultural system, as presented in Table 4. These results are

aligned with the findings of Beckie et al. (2012) and those of Singh

et al. (2023). However, this role was often limited to members,

less marked among beneficiaries, and virtually absent among

non-beneficiaries. These results contradict the idea of the local

influence of FOs mentioned by Nain et al. (2015), whereas they

highlight the lack of equity and inclusiveness between members

and beneficiaries, aligning with the findings of Bachke (2019).

More specifically, FOs facilitated collaboration between

members and international organizations and between members

and R&D agencies. This same idea of benefits sharing was discussed

by Fischer and Qaim (2012), as they insisted that the advantages

offered by the FO were appropriated by the active members and

not all the FO members. In our case, as for beneficiaries, FOs

facilitated farmer–farmer collaboration more than with other

key actors. Unlike non-beneficiaries, who collaborated mainly

with the private sector (specifically input suppliers), this could

be explained from a human perspective as the farmers who were

out from the FOs’ network considered that their neighbors were

their natural competitors, as described by Emery (2015). So,

they oriented their collaboration to other different actors in the

agricultural system. This individualist action issued from personal

beliefs has shown that collaboration with some far-reaching actors,

such as international organizations, was possible even without

the intermediation of a FO, which is the case seen in the results

(Table 3).

This limited networking is explained by some indigenous

factors, such as the number of members or the network of the

FO itself. For a highly membered FO with a large number of

beneficiaries and a large local community, it will be naturally

difficult to expand and facilitate collaboration for a large number

of farmers. This same fact was mentioned by An et al. (2015),

who explained that the effective functioning of FO relied on the

aggregation size of farmers, which must not exceed a certain

threshold. Furthermore, some other exogenous factors could
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TABLE 7 SNA results for services facilitation function by the farmer group.

SNA results Degree Weighted degree Closeness centrality Eigenvector
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FO’s president 40 91 9 666 929 93 0.50 0.56 0.30 0.93 1.00 0.20

FO’s treasurer 23 41 1 348 449 12 0.43 0.42 0.19 0.61 0.51 0.01

FO’s M or B 11 19 0 135 195 0 0.39 0.37 0.00 0.27 0.28 0.00

OEP 16 4 1 162 24 3 0.40 0.35 0.27 0.45 0.07 0.05

Milk center 16 14 6 336 300 121 0.40 0.34 0.34 0.43 0.15 0.25

Cereals center 11 23 7 106 89 34 0.38 0.38 0.32 0.33 0.30 0.30

Intermediaries 12 20 13 149 180 152 0.39 0.36 0.37 0.35 0.28 0.73

Olive merchant 26 21 9 59 35 79 0.43 0.36 0.34 0.46 0.23 0.41

Input suppliers 21 19 12 152 123 78 0.41 0.38 0.37 0.50 0.29 0.61

Private veterinarian 44 63 20 235 280 70 0.51 0.47 0.44 1.00 0.72 1.00

Veterinarian (CRDA) 28 61 13 73 148 51 0.44 0.47 0.41 0.78 0.75 0.65

UTAP 19 37 5 167 330 26 0.41 0.41 0.34 0.50 0.48 0.26

Farmers (mean) 4.12 3.27 2.15 41.5 26.2 16.3

Source: Author’s elaboration from analysis of field data (2023).
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FIGURE 6

Social network graphic illustrations for services facilitation function (legend: green = farmers; orange = farmer organization; red = NGOs; blue =

business/private; turquoise = development, administration and extension system; yellow= research and university).

threaten FO functioning, such as socioeconomic factors (Sparrow

and Traoré, 2018). If the innovation system itself is weak, the

FO will be automatically touched as it is a part of the system

(Yoon et al., 2021). It is evident that FOs play a clear role in

network brokering, linking farmers to other relevant actors from

the agricultural system, but this intermediation function depends

on several factors. This must be taken into consideration when

judging the effectiveness of these structures, as its legitimacy was

always challenged by local conflicts and limited impact, as cited by

Yang et al. (2014).

5.3 Knowledge exchange facilitation

For innovation support with knowledge exchange facilitation,

the FO was showing (Table 5) the same limitations seen for

network brokering, as it facilitated access to knowledge for the

members only. This fundamental function, as defined by Hellin

and Camacho (2017), who considered knowledge as the main

innovation support offered by a FO, was weakened by many

barriers, as shown by the results when we compared different

membership status and knowledge-relevant actors’ configurations.

Opportunistic and pragmatic thinking associated with weak trust

limited the reach of the FO (Leite et al., 2021). More specifically,

the results for members show that FOs were facilitating access

to knowledge from research organizations (INRAT, INRGREF,

IO, etc.) and from development and extension agencies (OEP,

CTV, CRDA, etc.). These results are aligned with the findings of

Dutrénit et al. (2012). For beneficiaries, the source of knowledge

was essentially the president of the FO, who was considered

a leader farmer in some extension theories, such as those

described by Taylor and Bhasme (2018). For non-beneficiaries, the

sources were more diversified over several actors, the majority

of whom belonged to the private sector, such as intermediaries,

input suppliers, product buyers, and milk collectors. Ma and

Huang (2014) noted the diversity of private sector actors and

their implications in knowledge exchange (Ma and Huang,

2014).

These results demonstrated another contradiction, namely that

the idea behind the promotion of FOs and collective action,

the decentralization of knowledge as described by Cottey (2014),

created a new centralization of knowledge, in the president of the

FO itself. So, the FO did not show an advantage for beneficiaries in

particular, as this peer-to-peer knowledge sharing among farmers

in similar developing countries did not show its efficiency (Chen

et al., 2015). Controversially, to the recommendations of Kumar

et al. (2015), who insisted on the role of peer-to-peer knowledge

sharing as an alternative approach without giving importance to the

existence of a formal organization such as FO.

5.4 Information exchange function

In terms of information exchange channels (Table 6), FOs

facilitated access to information for all farmer groups, aligned

with the results of Fischer and Qaim (2012). In this context,

the FOs’ president took the most important position reflected

by centrality. This was explained by Wang et al. (2019), who

insisted that information exchange is strongly linked to these

organizations’ leaders’ motivation and wiliness. For the rest of

the actors, there was no notable difference in the facilitation

of information exchange between members, beneficiaries, non-

beneficiaries, and those important actors such as extension and

agricultural development organizations, which were described by

Reed and Hickey (2016) as key actors in leadership positions,

significantly controlling innovation potential, and spreading it

through formal vertical common linkages. More specifically,

information from most actors was exchanged in the same way

for all three groups of farmers. The existence or absence of a FO

did not show a clear effect. This can be explained by the rarity

of the information itself, aligned with the findings of He et al.

(2018), which show that information sharing is permanently reliant
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on the availability and accessibility of information. Otherwise, the

exchange is limited when public information provision is either too

low or high or private information provision is high.

5.5 Access to services

The FOs exhibited a distinctive capacity to reshape the

sales channel, minimizing dependence on intermediaries. In

contrast, non-beneficiary farmers were relying more heavily on the

private sector.

Shortcutting the traditional sales channels by mitigating

the role of intermediaries facilitated by the FO is aligned

with the study of Hellin et al. (2009), which insists on

the role played by collective action in fortifying farmers

against the uncertainties inherent in market dynamics. The

ability of FO to optimize the sales channel by minimizing

intermediaries not only enhances economic viability but

also reflects the resilience-reinforcement dimension within

agricultural communities.

The limited reach in terms of access to services in this

context can be explained by the weakness of the structures.

In other words, the FOs were not able to attract the local

community, as this required a set of reinforcement efforts

as described by Lutz et al. (2017). This same point was

evocated by Oktarina et al. (2020), who urged the need for

reinforcement measures through training, advocacy, and group

meetings to ensure efficient functioning. Furthermore, some

other structural factors, such as the legislative text, accountability

problems, and access to financing, explain this functioning jam

even if the potential to have an impact exists (Bijman et al.,

2016).

5.6 Assessment of FOs’ innovation
intermediation function: challenges and
implications

It must be noted that collecting data related to social

networks could possibly violate the right to privacy, as mentioned

by Houghton and Joinson (2010). Furthermore, conducting

focus group discussions or qualitative interviews was not

possible due to logistical restrictions and socio-political realities.

In addition, qualitative data were linked to the inability to

generalize findings and issues related to data interpretation,

as described by Tadesse et al. (2021), where the complexity

of local languages and the lack of standardized procedures

for capturing farmers’ perspectives may complicate or impede

the analysis.

The political environment in Tunisia favors FOs,

but discussing it in a formal meeting, a focus group, or

in a detailed interview is complex for the participants.

This will potentially create the problem of distrust,

possibly preventing participants from being fully open and

disrupting the dynamics of focus groups or interviews,

resulting in skewed and polarized feedback as described by

Cavari and Freedman (2018).

6 Recommendations and conclusion

The involvement of FOs in innovation platforms and

knowledge networks in Kef-Siliana has strengths but also many

shortcomings. Therefore, it is crucial to complement FOs with

additional actors to support agricultural innovation, especially

in agroecology. In the short term, the social dimension of

FOs, which is primarily human capital, needs reinforcement.

Effective functioning depends on various contextual and

socioeconomic factors. Effectiveness can be linked to a triangle

with three sides: equity and inclusiveness, democratization and

decentralization, and trust building. Addressing equity promotes

inclusive collaboration, decentralization ensures equal access to

knowledge, and building trust enhances FOs’ reach. Investing in

training, advocacy, and group meetings is essential, along with

addressing legislative and financial issues. Government support

should focus on guidelines over rigid regulations. Long-term,

collective orientation must be reassessed, with an emphasis on

entrepreneurship for small-family farming and connections to the

private sector, ensuring support for non-member farmers.
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