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Abstract

In Tunisia, rising costs, low productivity, and climate change have reduced cattle numbers in the last decade.
This study evaluates the sustainability of small dairy cattle farms in northeastern Tunisia and explores path-
ways for improvement. A sustainability assessment was conducted on 109 dairy farms in Bizerte, using IDEA
method to evaluate agroecological, socioterritorial, and economic dimensions. At the regional level, sustaina-
bility was highest in agroecology, moderate in economics, and lowest in socioterritorial aspects. Cluster anal-
ysis identified four groups. The first supports employment and resource use but struggles with organic farming
and waste management. The second practices agroforestry with moderate biodiversity but faces economic
challenges. The third excels in biodiversity and manure management. The fourth benefits from diversification
and self-sufficiency, enhancing performance. For long-term sustainability, the dairy sector must adopt resilient
systems with mixed forage crops, improve funding and subsidies, and invest in infrastructure, training, and
cooperatives to boost productivity, reduce environmental impact, and integrate farmers into the value chain.
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1. Introduction important part of the country’s agro-food in-
dustry, contributing about 7% of its total value

Dairy cattle farming plays a crucial role in the  (Chebbi, 2019). Additionally, it accounts for ap-
Tunisian economy, providing significant contri- proximately 25% of animal production and 11%
butions both economically and socially (Dhraief of overall agricultural production. In 2015, it
et al., 2019). This strategic sector represents an  provided employment for over 112,100 farmers,
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which is more than 40% of all agricultural jobs
in the country. The increase in demand for ani-
mal-based products in Tunisia over recent dec-
ades highlights the strategic importance for food
security, the economy, and nutrition. This sector
also requires particular attention regarding asso-
ciated environmental and socioeconomic chal-
lenges (Soltani et al., 2011).

The dairy value chain in Tunisia is sensitive
and could be negatively affected by the open-
ing of the Tunisian market to European milk
and dairy products, which are considered more
competitive. Within this value chain, small- and
medium-sized farmers face numerous problems
and threats that weigh on its present and could
jeopardize its future in an already challenging
global context associated with climate change
and soil degradation (FAO, 2021). Therefore,
the quest for competitiveness in local dairy
farming in Tunisia is crucial to reducing the sig-
nificant gap between domestic milk supply and
demand (Steinfeld et al., 2006). It is important to
consider the environmental and health concerns
related to this expansion, such as soil biodiversi-
ty loss (Caplat et al., 2012) and greenhouse gas
emissions, highlighting the urgency of adopting
sustainable and environmentally friendly agri-
cultural practices.

The low productivity observed in small- and
medium-sized dairy farms can be explained by
multiple constraints, including low nutritional
values and poor technical management of dairy
cows, especially in smaller farms (Srairi et al.,
2007; M’Hamdi et al., 2017; Attia et al., 2022).
In the field, strategies and practices for devel-
oping the local dairy sector primarily focus on
improving farmers’ incomes rather than seeking
social balance, and even less on reducing envi-
ronmental threats.

Dairy farms in Tunisia face increasingly
warmer temperatures, exceeding cows’ ther-
mo-neutral zone for over five months each
year, leading to reduced production efficiency
and substantial economic losses (Bouraoui et
al., 2002). Frequent droughts, often occurring
for two consecutive years after no more than
three years of normal rainfall, have diminished
the quality and availability of fodder — a criti-
cal constraint for livestock farming (Kayouli,

2006). This has hindered the genetic potential
of high-yielding breeds, raising concerns about
their ability to adapt to these harsh conditions
(Hammami et al., 2008). Projected climate
change scenarios are expected to exacerbate
these challenges, further impacting natural re-
sources, animal productivity, health, and the
sustainability of livestock-based production
systems (Ben Salem, 2011).

Reflecting on the performance and sustainabili-
ty of small and medium dairy farms is important.
The sustainability of these agricultural operations
is crucial for ensuring food security, reducing
poverty, and preserving natural resources, par-
ticularly in developing countries (Schindler et al.,
2015) Indeed, assessing agricultural sustainabili-
ty is an essential step in building the knowledge
necessary to improve management and evolve
toward more sustainable practices and systems.
Thus, this assessment contributes to the design
of innovative solutions to enhance the sustaina-
bility of farms (Bockstaller et al., 2015). A deci-
sion-making support objective should accompany
this assessment through public policy guidelines
that encourage environmentally friendly agricul-
tural practices.

Several methods, such as RISE (Haéni et al.,
2003), MOTIFS (Meul et al., 2008), SAFA
(FAO, 2014), FoPIA (Bechir and Ounalli,
2020), DPSIR (Bechir et al., 2020), and SIAT
(Corvo et al., 2021), have been developed to
study agricultural farm sustainability, but main-
ly in developed countries and to a much lesser
extent in developing countries (Fadul-Pache-
co et al., 2013). Among these methods, IDEA
(Indicateurs de Durabilit¢é des Exploitations
Agricoles or Farm Sustainability Indicators)
describes the overall performance of farms,
taking into account the three dimensions of
sustainability: agroecological, socioterritori-
al, and economic. This method enables an in-
depth analysis of each aspect of sustainability,
including all dimensions of the farm and is
compatible with different contexts (Zahm et
al., 2008). The IDEA method has been used in
various studies assessing the sustainability of
agricultural systems (Attia et al., 2022; Baccar
et al., 2018; Gharbi et al., 2022; M’Hamdi et
al., 2017; Bekhouch-Guendouz, 2011).
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This study aims to assess the sustainability of
the small dairy cattle farms in northeastern Tu-
nisia and explores pathways for improvement.
A sustainability evaluation was undertaken with
109 smallholder dairy farms in the Bizerte re-
gion using the IDEA method in the agroecologi-
cal, socioterritorial, and economic scales.

2. Methodological framework

2.1. Study area

The study area focused on the two regions of
Sejnane-Joumine and Utique in Bizerte gover-
norate (Figure 1). This region is located in the
extreme northeast of the country and benefits
from a privileged geographic position with a
broad opening to the Mediterrancan. Bizerte
covers an area of 3,750 km? and in April 2014
had a population of 568,219. This area is char-
acterized by a humid and semi-humid climate,
receiving an average rainfall of over 600 mm,
which promotes forage production.

The study region represents a dairy basin char-
acterized by small- and medium-sized dairy cat-
tle producers. The Utique region is an old dairy
basin and the leading milk producer in the gov-
ernorate. It ranks third in the number of produc-
ing female cattle. The Sejnane-Joumine region
features an integrated cattle farming system. It

Figure 1 - Study area (Authors’ elaboration, 2024).
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ranks first in terms of the number of productive
females (6,762) and third in milk production
(18,205 liters per day).

2.2. Study design

The study area was chosen due to the diver-
sity of crops and the importance of dairy cat-
tle farming activity. The survey was conducted
among 109 selected dairy cattle farmers. The
sample size was determined using the equation
of Cochran WG (1977) with a confidence inter-
val of less than 95% and a precision of 10%. The
formula used is n = N/(1 + (e?), where n is the
sample size, N is the population size, and e is the
level of precision. Farmers were selected based
on specific criteria to ensure representativeness
of the sample.

2.3. Data collection

The data used were collected through field
surveys of 109 farmers from Sejnane-Joumine
(59 individuals) and Utique (50 individuals),
who have small and medium sized farms, with
an average herd size of six cows and an average
area of 4.85 ha.

Various types of data were collected during
the two-year period (2021-2023). The data
included statistical information and specific
data related to the IDEA method. This method
consists of 122 questions. The specific guide
for this method includes general information
about the farm, livestock, management prac-
tices, biodiversity aspects, land use, manage-
ment and farming practices, life quality, and
economic aspects.

In addition to a literature review on farm
sustainability assessment, and field surveys,
six mini-workshops have been co-organized
successively since 2021, including National In-
stitute of Agronomic Research of Tunisia (IN-
RAT), North-West Sylvo-Pastoral Development
Office (ODESYPANO) Sejnane, Livestock and
Pasture Office (OEP) Mateur, and territorial
extension unit (CTV) Sejnane-Joumine and
Utique (Table 1). These working meetings in-
volved the main stakeholder groups concerned
with dairy production.
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Table 1 - Description of multi-stakeholder workshop organized in the study area.

Date Location LEie Topics
pants
Agricultural SCa(:rlllgﬁtrgt)l of statistical data on the dairy value chain in Bizerte (for
24 March Investment Discussion of the variables determining the sustainability of dairy
Promotion 3 LT
2024 Acen cattle farming in Bizerte.
( API/%; Egi};e . Presentation of the IDEA method.
Data collection for the IDEA exercise.
12 National workshop: “Diagnosis of the dairy value chain in Bizerte.”
September INRAT Tunis 28 | Discussion of the variables determining the viability of dairy cattle
2021 farming in Bizerte.
25 March ODESYPANO 1 Sampling and fieldwork preparation.
2022 Sejnane Presentation of IDEA survey elements.
16 Al Data collection for the IDEA method.
2022p OEP Mateur 3 Discussion of the variables determining the viability of dairy cattle
farming in Bizerte.
Sampling and fieldwork preparation.
5May 2022 | CTV Sejnane 4 Presentation of IDEA survey elements.
Discussion of IDEA sustainability indicators.
Regional workshop: “Sustainability indicators and methods for
23 May ODESYPANO assessing the sustainability of cattle farming in the regions of Sejnane-
. 16 : SN
2023 Beja Joumine and Utique.
Discussion and validation of IDEA method results.

Source: Authors’ elaboration, 2024.

2.4. Data analysis

The data analysis was based on the IDEA
method, a tool based on 42 indicators developed
by Vilain (2003), who identified three scales:
agro-environmental with 18 indicators, socio-ter-
ritorial with 18 indicators, and economic with six
indicators. In this study, the method was adapted
while retaining all components and initial thresh-
olds. Each indicator provides information about
the level of sustainability. The score from the
lowest scale among the three mentioned scales
reflects the level of sustainability of the farm
(Zahm et al., 2008). This analysis is combined
with principal component analysis and ascending
hierarchical classification—statistical analyses to
classify the farms into groups according to the
sustainability scores.

3. Results
3.1. Descriptive analysis of the sustainability
of dairy callle farming systems

Overall sustainability is rated at 151/300
points for Sejnane-Joumine and 134/300

points for Utique. The agroecological scale
scores the highest with 56.37 points, followed
by the economic scale at 55.7 points (Figure
2). The socioterritorial scale has the low-
est score at 32.13 points, which is the main
limiting factor for the sustainability of these
farms. This limitation stems from weaknesses
observed in the product and territorial quality,
as well as the ethics and human development
components. Enhancing the sustainability of
these dairy farming systems requires address-
ing all three scales.

The component of spatial organization has a
relatively high average of 14.17 points, driven
by high parcelization (5.14/6 points) and ef-
fective management of organic materials, with
farmers using manure on over 20% of the uti-
lized agricultural area (UAA) to enhance soil
fertility and reduce fertilization costs (2.75/5
points). The farming practices component also
scores significantly with an average of 20.1/34
points, where the liquid organic waste indica-
tor, assessing effluent management, achieved
a perfect score since none of the visited farms
used liquid organic waste (manure). The in-
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Figure 2 - Representation of the sustainability scales of farms.
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Figure 3 - Graphic representation of the sustainability components.
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dependence component, with a score of 22.95 which measures the ease of farm succession,
points, reflects financial autonomy, as farmers scored highest in economic transmissibility due
did not receive credit due to their land tenure to the low capital levels of the farms relative
status, which did not meet the requirements of to the full-time family agricultural workforce
funders. Lastly, the transferability component, (Figure 3).
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Table 2 - Indicator scores for the production diversity component (PDC).

Diversity of Diversity Animal Enhancing PDC
annual and of perennial diversity genetic
temporary crops crops heritage

All 5.95 3.1 9.8 3.25 22.1
Sejnane- 6.2 4.6 10.6 34 248
Joumine
Utique 6 1.6 9 3.1 19.4
Theoretical 14 14 14 6 33
maximum

3.1.2. Sustainability assessment of the
agroecological scale

The diversity of annual and temporary crops
component averages 22.1/33 points, with Se-
jnane-Joumine scoring 24.8/33 and Utique
19.4/33 (Table 2). The domestic plant biodi-
versity indicator, which measures the variety of
plants on farms, averages 5.95/14 points. The di-
versity of perennial crops, based on the presence
of grasslands, arboriculture, agroforestry, and
agro-silvopastoralism, averages 3.1/14 points
across both areas. Animal diversity, determined
by the number of productive animal species and
breeds, scores 9.8/14 in Sejnane-Joumine and
10.6/14 in Utique, with the high score reflecting
the combination of sheep and cattle farming in
78% of the farms. The indicator for genetic her-
itage enhancement, which supports local breeds
and endangered species, shows low scores. Over
the past 20 years, the local breed has been re-
placed by imported breeds (Holstein breed) that
are more productive but less resilient to the cli-
matic challenges in Tunisia.

The spatial organization component, with
an overall average value of 14.17/33 points,
includes several key indicators reflecting

farming practices (Table 3). The crop rota-
tion indicator scores low, at just 17% of the
theoretical maximum, due to the limited plot
size, which averages 5.37/6 points, restricting
farmers’ ability to grow enough forage and ce-
real crops to meet their livestock’s food needs.
The organic matter management indicator
scores 2.75/5, as most farmers apply manure
to over 20% of their Utilized Agricultural
Area (UAA) to enhance soil fertility and re-
duce costs. The space for enhancement indi-
cator is low (1.6/5), highlighting poorly man-
aged forage areas affected by overgrazing and
monoculture. Similarly, forage area manage-
ment scores just 1/3 due to unplanned grazing
and inadequate post-mowing care.

The agricultural practices component,
which focuses on soil protection, treatment
techniques, and the management of energy and
non-renewable resources like irrigation water,
is capped at 34 points and has an average score
0f20.1 points. The fertilization indicator, which
measures the ratio between imports (fertilizers,
concentrated feed, and roughage) and exports
(milk, animals, and plants), reveals nitrogen
pollution from nitrate leaching, resulting in an

Table 3 - Scores of indicators for the component related to spatial organization (SOC).

CroP Plot size Organic Ecalong:al Space Management soc
rotation matter regulation | enhancement | of forage
management areas

All 1.4 5.37 2.75 2.05 1.6 1 14.17
Sejnane- 1.4 5.6 2.8 2.6 2.1 1.2 15.7
Joumine
Utique 1.4 5.14 2.7 1.5 1.1 0.8 12.64
Theoretical 8 6 5 12 5 3 33
maximum
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Table 4 - Indicator scores for the agricultural practices component (APC).

Fertiliza- | Liquid | Pesticides | Veterinary Water Protection |  Energy APC
tion organic treatments |  resource of soil | dependence
effluents management | resources

All 1.75 3 6.25 1.35 32 0,55 4 20.1
Sejnanc- 0.8 3 7.1 14 32 08 47 21
Joumine
Utique 2.7 3 5.4 1.3 3.2 3,2 33 19.2
Theoretical 8 3 13 3 4 5 10 34
maximum

unbalanced and polluted environment, with an
average score of 1.75/8, ranging from 0.8/8 in
Sejnane-Joumine to 2.7/8 in Utique (table 4).
The use of pesticides indicator, which addresses
threats to human health and ecosystems, scores
modestly with Sejnane-Joumine at 6.25/13 and
Utique at 7.1/13. The veterinary treatments in-
dicator scores 1.35/3, revealing inadequate vet-
erinary care in building-based farming systems.
Soil protection is minimal, with a low score of
0.55/5, as most farmers neglect conservation
practices. Energy dependence remains high,
scoring 3.3/10 in Utique and 4.7/10 in Se-
jnane-Joumine, reflecting heavy reliance on
fertilizers, fuel, and electricity.

3.1.3. Sustainabilily assessment of the
socioterritorial scale

The quality of products and territories com-
ponent, capped at 33 points, includes five in-
dicators: product quality, local and human de-
velopment, non-organic waste management,
space accessibility, and quality of life. The qual-
ity process indicator, which covers all products
from the studied territories such as milk, meat,
honey, cow’s cheese, and curdled milk, received

a score of zero due to the lack of official labe-
ling, organic certification, and traceability de-
spite high consumer demand, reflecting a weak
quality assurance approach. Additionally, the
social involvement indicator, which reflects the
dynamism and social vitality of the territories,
scored poorly, with an average of 0.25/6, as Se-
jnane-Joumine recorded 0.1/6 and Utique 4/6,
highlighting a significant disparity in the rich-
ness and diversity of the associative environ-
ment (Table 5).

The employment and services component,
capped at 33 points, includes various indicators
reflecting local economic practices. The short
supply chains indicator scores relatively low, with
Sejnane-Joumine at 0.28/7 and Utique at 0.12/7,
as milk is sold directly to collection centers, and
young bulls and lambs are sent to livestock mar-
kets, with only a small amount of honey sold di-
rectly to consumers (table 6). The valorization of
local resources, reflecting dependence on sup-
pliers, scores the highest within this component,
with Sejnane-Joumine scoring 6.6 and Utique
6.2, averaging 6.4 points. The services and pluri-
activity indicator, related to commercial services,
agritourism, and social inclusion practices, shows

Table 5 - Indicator scores of the quality of products and territories component (QPTC).

Quality Enhancing | Non-organic Space Social QPTC
process built waste accessibility | involvement
heritage management

All 0 0.9 1.8 2.4 0.1 5.2
Sejnane- 0 2.9 1.9 2 0.4 7.2
Joumine
Utique 0 1.9 1.85 22 0.25 6.2
Theqretlcal 10 8 5 5 6 33
maximum
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Table 6 - Indicators scores of the employment and services component (ESC).

Short | Valorization Services Contribution | Collective Probable ESC
supply of local and to work sustainability
chains | resources | pluriactivity | employment
All 0.12 6.2 0.6 5.1 0.1 1.5 27
Sejnanc- 0.28 6.6 0.9 49 0.2 2 14.05
Joumine
Utique 0.2 6.4 0.75 5 0.15 0.15 14.6
Theoretical |, 10 5 6 5 5 33
maximum
Table 7 - Indicator scores of the ethics and human development component (EHDC).
Contribution | Animal | Training Work Quality | Isolation | Hygiene | EHDC
to global welfare intensity | of life and safety
food balance
All 3 1 0.4 0.06 2.8 1.9 0.6 4.46
Sejnane- 4 1.4 0.9 0.4 33 2.7 0.9 6.7
Joumine
Utique 35 1.2 0.65 0.23 3.05 2.3 0.75 5.58
Theqretlcal 10 3 6 7 6 3 4 34
maximum

poor results, with Sejnane-Joumine scoring 0.9
and Utique 0.6, averaging 0.75 points. Finally,
the contribution to employment indicator scores
4.9/6 in Sejnane-Joumine and 5.1/6 in Utique,
reflecting the employment of a few permanent
workers for livestock farming and seasonal
workers for crop production, leading to an over-
all average of 5.1/6.

The ethics and human development compo-
nent, capped at 34 points, includes indicators
such as contribution to global food balance,
animal welfare, training, work intensity, quali-
ty of life, isolation, and hygiene and safety (Ta-
ble 7). The contribution to global food balance
indicator scores an average of 3.5/10, with Se-
jnane-Joumine at 4/10 and Utique at 3/10, re-
flecting relatively low farm profitability due to
excessive reliance on purchased livestock feed.
The animal welfare indicator scores poorly, with
an average of 1.2/3 points. Training, which had
a low average score of 0.65/6 points, is not prior-
itized by most farmers, as 90% do not participate
in relevant training programs. The quality-of-life
indicator, based on farmers’ self-assessment,
shows acceptable values with scores of 2.8/6 in
Sejnane-Joumine and 3.3/6 in Utique, reflect-

ing moderate feelings of isolation. Hygiene and
safety scored an average of 0.75/4 points due to
inadequate facilities for storing pesticides, as
evidenced by the unsafe storage conditions in
buildings used by occasional workers, resulting
in scores of 0.9/4 for Sejnane-Joumine and 0.6/4
for Utique.

3.1.4. Sustainability assessment of the
economic scale

Viability is assessed through two components:
economic viability (C1) and the rate of special-
ization (C2). The overall average score for both
regions is 8.35/30 points, with Sejnane-Joumine
scoring 9/30 and Utique 7.7/30 (Table 8). These
results stem from low specialization rates, main-
ly due to the dominance of breeding systems
focused solely on milk production. This lack of
diversification contributes to an average eco-
nomic viability score of 5.65/20 points, with
Sejnane-Joumine scoring 5.3/20 and Utique
6.0/20. The low score reflects farm unprofita-
bility, exacerbated by rising input costs such as
concentrated feed, roughage, plant seeds, and
veterinary expenses. Similarly, the economic
specialization indicator scores modestly, with
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Table 8 - Indicator scores of the economic components (EC).

Indicators of viability Indicators of independence
component component
Economic Rate of Financial Sensitivity Transmissibility EC
I economic autonomy to aid
viability o
specialization

All 5.65 2.7 12.95 10 18.02 5.1
Sejnane- 6 3 10 18 52
Joumine
Utique 53 2.4 13.1 10 18.04 5
Theoretical 20 10 10 20 25
maximum

Sejnane-Joumine scoring 3.0/10 and Utique
2.4/10, averaging 2.7/10.

The independence component, which in-
cludes financial autonomy (C3) and sensitivity
to aid (C4), scores an average of 22.95 points,
with Sejnane-Joumine scoring 22.0 and Utique
23.1, indicating financial independence despite
limited government support. Financial auton-
omy scores 12.95/15, with Sejnane-Joumine
at 12/15 and Utique at 13.1/15. Small farmers,
lacking access to formal credit, rely on peddlers
and input suppliers for small loans. Sensitivity
to aid scores 10/10, highlighting a strong de-
pendence on support that remains unmet by the
state. The economic transmissibility indicator
scores highest at 18, driven by low farm capital
and reliance on family labor. In contrast, pro-
duction efficiency scores just 5.1/25, reflecting
poor feeding management, high dependence
on concentrated feed, and limited use of expert
guidance for inputs.

3.2. Typology of small farmers based on
sustainability scales and components

The principal component analysis (PCA) re-
veals a dominant first component (F1) that ac-
counts for 22.176% of the total variability, with
the first four axes (F1-F4) explaining nearly
65% of the variability. The first two axes (F1 and
F2) contribute 40.682% to the cumulative varia-
bility and are used in the hierarchical ascending
classification (HAS) to identify breeder groups
(Figure 4). The agroecological and socioterrito-
rial scales are strongly represented on axis F1,
contributing 41% and 86%, respectively, while

the economic scale is mainly represented on
axis F2 with a 14% contribution. A positive cor-
relation exists between the agroecological and
socioterritorial scales (r = 0.257), whereas the
agroecological and economic scales show a low
correlation (r = 0.085), and the economic and so-
cioterritorial scales are independent. The agroe-
cological scale is positively correlated with all
components except quality and independence,
while the socioterritorial scale is negatively cor-
related with spatial organization, independence,
transmissibility, and efficiency. The economic
scale is highly correlated with viability and ef-
ficiency (r = 0.797 and 0.857, respectively) but
negatively correlated with components of the so-
cioterritorial scale, such as quality, jobs, ethics,
and diversity.

Based on the IDEA method indicators, the
hierarchical ascending classification (HAS) re-
sults reveal four distinct breeder groups (Fig-
ure 5). The first group, representing 35% of
the surveyed sample (mostly from Utique), is
characterized by significant employment con-
tribution (94%) and the use of local resources
(61%). However, this group faces challenges
related to the absence of labels, organic farm-
ing, and low involvement in professional orga-
nizations and human development. The second
group (23.85% of the sample, mostly from
Sejnane-Joumine) exhibits average racial and
plant biodiversity, agroforestry practices, and
fodder and fertilizer independence but strug-
gles with poor livestock nutrition manage-
ment, affecting economic performance. The
third group (20% of farmers, primarily from
Sejnane-Joumine) shows high livestock and
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Figure 4 - Graphical representation of the principal component analysis of farm sustainability components and scales.
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plant biodiversity, good manure management,
and flood meadow presence but faces soil ero-
sion and poor energy management, hindering
economic growth. The fourth group (22.93% of

the sample) consists of farms with diverse ac-
tivities, including dairy cattle rearing and crop
production, and demonstrates strong farm input
use, leading to good performance.

Figure 5 - Clusters profiles according to their sustainability components.
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4. Discussion

4.1. The agro-ecological dimension

Agricultural strategies across regions face
significant challenges in land management and
climate adaptation, with some areas prioritiz-
ing diversification and resilience, while others
struggle with poor crop integration and re-
source overexploitation. In Tunisia, inefficient
land use, exemplified by limited forage diversi-
fication and high reliance on industrial inputs,
raises concerns about the sustainability of agri-
culture, negatively impacting productivity and
environmental resilience. The Bizerte region,
for example, suffers from prolonged droughts
and irregular rainfall, which affect water avail-
ability for irrigation and livestock, further re-
ducing farm performance (Mwadzingeni et al.,
2022; Ahmed et al., 2023). Soil protection re-
mains a critical issue, with a low adoption of
anti-erosion techniques, which contributes to
the region’s vulnerability. In contrast, Europe-
an approaches like crop rotation with legumes
have proven to enhance farm resilience by
30%, and integrating mixed forage crops, espe-
cially legumes, could help restore soil fertility,
increase productivity, and mitigate environ-
mental impacts (Steinfeld et al., 2000).

The limited diversification of forage crops
and high dependence on concentrated feed un-
dermine the food autonomy of farms in Tunisia,
a challenge also observed in Europe’s intensive
agricultural systems, which are vulnerable to
price fluctuations and environmental pressures.
Agroecological strategies, such as multi-spe-
cies pastures and crop rotation in Scandinavi-
an countries, reduce dependence on external
inputs and enhance soil fertility (Rasmussen
et al., 2015). In Tunisia, the underutilization
of local breeds and limited forage areas mirror
the challenges faced in regions like Russia’s
Central Black Earth, in contrast to the Organic
Valley model in the United States, where the
use of indigenous breeds has improved farm re-
silience and profitability. Moreover, veterinary
treatments remain limited (1.35/3), and artifi-
cial insemination usage is rising, albeit still
lower than the scores reported by M’Hamdi et

al. (2017) (1.7) and Attia et al. (2022) (2.3). The
increased use of pesticides, a significant issue in
Europe, also presents challenges in Tunisia and
Algeria due to high costs (Yakhlef et al., 2005).
While manure is widely used in both countries,
livestock effluents are often discharged without
specific pollution regulations, raising environ-
mental concerns (Attia et al., 2022; Ghozlane
et al., 2006). Additionally, while agroecologi-
cal farming can create employment opportuni-
ties, its adoption is hindered by the increased
labor requirements (Aubron et al., 2016).

The socio-lerritorial dimension

The study of Tunisian dairy systems reveals
significant socio-territorial vulnerabilities, em-
phasizing the fragility of these systems in con-
trast to the environmental sustainability focus of
the FAO and Dairy Sustainability Framework.
The lack of collective organization and under-
developed short supply chains are major ob-
stacles to farm resilience, with integration into
professional organizations and local valorization
of products being notably weak in the Bizerte
region (Attia ef al., 2022). These issues are ech-
oed in international contexts such as Georgia
(Al Sidawi et al., 2021) and Bangladesh (FAO,
2016), where similar challenges limit farm re-
silience. The absence of certifications and col-
lective organizations restricts market access and
income growth, a contrast to the benefits seen
in Europe, where 62% of certified farms thrive
(Borawski et al., 2020).

Working and hygiene conditions on Tunisian
dairy farms are inadequate, falling short of inter-
national standards, and the physically demand-
ing nature of the work is discouraging younger
generations from entering the field, exacerbating
workforce aging (Nandi et al., 2022; Lursinsap et
al., 2023). Cultural and religious factors further
complicate farm succession and require deeper
investigation (Gasmi ef al., 2019). Social issues
such as low wages and inadequate housing also
contribute to poor conditions, with hygiene and
safety standards scoring particularly low. Train-
ing participation remains limited, preventing the
adoption of modern livestock practices and hin-
dering sector growth (Okello et al., 2021). How-
ever, successful training programs in countries
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like Colombia and Brazil demonstrate the poten-
tial for improving agricultural practices, offering
a pathway for similar improvements in Tunisia
(Gonzalez et al., 2024; Madalena, 2012).

While Tunisian dairy farms show some
strengths in forage autonomy and local resource
valorization, challenges remain with reliance on
external seed supplies and inefficient crop man-
agement. The contribution of agriculture to local
development is also underperforming, as seen
in the low score for “Service and Pluriactivity”
(0.75). In contrast, initiatives like educational
farms in Poland and agritourism in Italy offer
models for diversifying agriculture and promot-
ing rural development (Kacprzak et al., 2019).
The study also highlights the potential for im-
proving animal welfare, which remains a con-
cern, and farm profitability, which is hindered by
inefficient feed use and poor ration management.
International frameworks, such as the Feeding
Performance Indicator (Lapierre et al., 2013),
offer a basis for enhancing resource efficiency
and improving farm profitability.

The economic dimension

The economic performance of dairy farms
in Tunisia is characterized by low profitability,
primarily due to high input costs, inefficient re-
source management, and limited income diver-
sification. These challenges are exacerbated by
a heavy reliance on external inputs and market
fluctuations, a situation similar to that observed
in Bangladesh and certain rural areas of India
(Urak et al., 2022). Hemme and Otte (2010) ar-
gue that dairy farm profitability in developing
countries is often hindered by disproportionate
production costs relative to milk prices, as seen
in Bangladesh where concentrated feed accounts
for 60% of production costs. Strategies to im-
prove profitability include income diversifi-
cation, such as integrating high-value crops to
reduce feed costs by 30% (Krupko et al., 2023).
Additionally, microfinance models inspired by
Tanzania and diversification strategies seen in
Dutch, Indonesian, and Vietnamese farms of-
fer pathways to improve both economic perfor-
mance and sustainability by combining dairy
production with renewable energy or capital
investment (Sembada, 2018). The adoption of

semi-extensive farming models, such as those in
Argentina, could further enhance economic re-
silience and reduce feed costs in Tunisia (Naran-
joetal.,2013).

The analysis also highlights the financial au-
tonomy of Tunisian dairy farms, with an aver-
age score of 22.95 for financial independence,
surpassing the 13.6 points reported by M’Hamdi
et al. (2017). This suggests that, despite limited
state support, Tunisian farms have achieved a
relatively higher degree of financial autonomy.
Chatellier (2010) emphasizes that the European
Union’s Common Agricultural Policy (CAP)
provides aid mechanisms to reduce farm vulner-
ability to market fluctuations, underscoring the
importance of managing reliance on subsidies
to maintain sustainable economic independence.

5. Conclusion and policy implications

Although the Bizerte region has strong nat-
ural, human, and ecological potential, cattle
farming remains economically inefficient, so-
cially inequitable, and ecologically fragile,
particularly for small and medium-sized farms.
To ensure the sustainability of dairy farming
systems, this study highlights the need for a
transition toward more sustainable livestock
systems, drawing inspiration from internation-
al experiences that have proven effective. Im-
proving sustainability will inevitably require a
concerted effort across social, economic, and
agro-ecological dimensions to ensure the long-
term viability of the dairy sector and its contri-
bution to rural development.

The supervision of dairy farming has im-
proved production through agricultural devel-
opment programs and state intervention, par-
ticularly in market expansion. However, these
advancements have not been sufficient to signif-
icantly increase local production. It is therefore
crucial to include small and medium-scale farm-
ers in the dairy value chain to foster the sector’s
sustainable growth.

From this perspective, promoting mixed for-
age crops that combine legumes and grasses
presents a sustainable solution to enrich the soil
with nitrogen, improve its organic matter con-
tent, reduce greenhouse gas emissions, and op-
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timize production costs. This approach would
enhance dairy productivity while minimizing
environmental impact.

An effective restructuring of the sector re-
quires several priority actions. It is essential to
increase funding for technical modernization to
enhance the competitiveness of farms. A better
distribution of public subsidies is also crucial to
include small-scale farmers and facilitate their
integration into the market. Additionally, op-
timizing processing channels and diversifying
commercial outlets are key to enhancing the
value of local production. Finally, price adjust-
ments should be considered to ensure adequate
profitability for producers.

Investments in rural infrastructure, agricultur-
al technologies, and farmer training are essential
to support these efforts. The government must
also implement policies to enhance pastoral
farms, improve animal health, and reduce green-
house gas emissions. The development of coop-
eratives could significantly increase the value
of local milk, create stable jobs, and curb rural
exodus by engaging more young people in agri-
culture. In this context, support measures should
be introduced, including awareness of financing
opportunities, widespread use of artificial in-
semination, continuous access to water, and the
promotion of agricultural innovation.
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