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Innovation in North African agriculture
and food

TaArRexk BEN Hassen®*, Hamip EL BiLaLi**

DOI: 10.30682/nm2103k
JEL codes: O3, 013, Q01, QI

Abstract

Innovation plays an essential role in addressing the interlinked environmental, social, and economic
challenges facing the agri-food sectors in the North Africa region. This systematic review analyses the
state of research on innovation in North African agri-food sector and investigates whether sustainabil-
ity is addressed in the research strand. The analysis shows an increasing interest in the research field,
although many publications are authored by scholars based in institutions outside North Africa. Most of
the selected documents deal with crops and the production stage of the food chain. The focus is generally
on technical innovations while social, organizational, and marketing ones are overlooked. There are
growing attempts to connect innovation to sustainability and sustainable development by moving towards
the concept of ‘sustainable innovation’. Factors hindering agri-food innovation relate to policy, research,
institutional environment, extension, and human capital. The promotion of innovation in the North Afri-
can agri-food sector is crucial to unlock the sector s potential and improve its competiveness, resilience,
and sustainability.

Keywords: Agri-food, Maghreb, North Africa, Product innovation, Process innovation, Organisational
innovation, Marketing innovation, Sustainable innovation, Sustainability.

ways of categorizing innovation. The variations
in the use of the term ‘innovation’ depend on,
inter alia, where the innovation is located in the
value chain (e.g. product, process or organiza-
tional), the novelty of the knowledge underlying
it, and/or the extent of its economic/market im-
pact (Twomey and Gaziulusoy, 2014). Stummer
et al. (2010) suggest that innovations can be cat-
egorized according to innovation type (product,

1. Introduction

Innovation is rather an ambivalent term with
different understandings (Shaver, 2016). Joseph
Alois Schumpeter (1934, 1942) is widely con-
sidered the first scholar to feature innovation
as a central driver of economic development.
Since then, the field has evolved dramatically
with a proliferation of innovation definitions

(Table 1). Menrad and Feigl (2007) argue that
innovation refers to the production, diffusion,
and translation of knowledge into new products,
techniques, and services. Different categorisa-
tions of innovation exist in the literature. Indeed,
Garcia and Calantone (2002) found 15 different

process, service, market), change scope (incre-
mental, radical, reapplied), dimension (objec-
tive, subjective), or innovation development
way (closed or open). The OECD and Eurostat
(2005) distinguish between product, process,
marketing, and organizational innovations. In-

* Department of International Affairs, College of Arts and Science, Qatar University, Doha, Qatar.
** International Centre for Advanced Mediterranean Agronomic Studies (CIHEAM - Bari), Valenzano (Bari), Italy.
Corresponding author: thassen@qu.edu.qa
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Table 1 - Some definitions of innovation.

Definition of innovation

Source

workplace organization or external relations (p. 46)

The implementation of a new or significantly improved product (good or service), or
process, a new marketing method, or a new organizational method in business practices,

OECD and
Eurostat, 2005

New ways of doing things. This includes not only science and technology but — crucially —
the related array of new ideas, institutions, practices, behaviors and social relations that
shape scientific and technological patterns, purposes, applications and outcomes (p. 1)

STEPS Centre,
2010

Innovation is the creation of better or more effective products, processes, services,
technologies, or ideas that are accepted by markets, governments, and society. Innovation
differs from invention in that innovation refers to the use of a new idea or method, whereas
invention refers more directly to the creation of the idea or method itself (p. 62)

Sterrenberg et al.,
2013

novations in the agriculture and food sectors can
be classified using the same categories (Aver-
maete ef al., 2004; Avolio et al., 2014).

A richer and more nuanced picture of innova-
tion has emerged over the last decades (Smith et
al., 2010; Twomey and Gaziulusoy, 2014). In-
deed, there has been a shift from a research-cen-
tered innovation concept to innovation due to in-
teractions among several actors and stakeholders
in an innovation system (Hekkert et al., 2007,
World Bank, 2006). Agricultural Innovation Sys-
tem (AIS) concept emerged in response to short-
comings of linear technology transfer (Roéling,
2009). It highlights that multiple sub-systems
within agriculture (e.g. education and training,
extension, research, public institutions, farmers
and their groups, donors) are crucial in agricul-
tural innovation (World Bank, 2012). Indeed, AIS
is characterized by dynamic interactions among
different private, civil society and academic ac-
tors involved in creating, disseminating, adapt-
ing, and using knowledge (IICA, 2014; OECD,
2013; World Bank, 2006). Meanwhile, the main
functions of the Agricultural Knowledge and In-
formation System (AKIS) are fostering mutual
learning and encouraging knowledge sharing and
use (FAO and World Bank, 2000). The AKIS con-
cept has evolved to ‘Agricultural Knowledge and
Innovation System’ as it was opened up to more
innovation support (Klerkx et al., 2009).

Innovation is widely recognized as a driver
of sustainable development (European Polit-
ical Strategy Centre, 2016; Leach ef al., 2012;
STEPS Centre, 2010). Indeed, innovation, sci-

ence, and technology (IST) can play an essential
role in addressing the interlinked environmen-
tal, social, and economic challenges facing hu-
manity (STEPS Centre, 2010; United Nations,
2012a). Innovation is seen as a route to eco-
nomic growth and finding practical solutions to
real problems (STEPS Centre, 2010). The con-
tribution of innovation to sustainable develop-
ment and sustainability is emphasized in several
global strategic and policy documents (United
Nations, 1992, 2002, 2012b; WCED, 1987), in-
cluding the 2030 Agenda for Sustainable Devel-
opment and the Sustainable Development Goals
(SDGs) (United Nations, 2015).

Over the last decades, innovation has become
central also in the debate on the nexus between
agriculture and sustainability (Ben Hassen and El
Bilali, 2020; EIP-AGRI, 2013; El Bilali, 2018a,
2018b, 2019a; FAO, 2012, 2013; Global Harvest
Initiative, 2016; IPES-Food, 2015; Royal Soci-
ety, 2009). It is widely admitted that the transi-
tion to sustainable agriculture and food systems
requires ‘sustainable innovation’. In this regard,
different models of sustainability-oriented inno-
vation (e.g. ecological innovation, eco-innova-
tion, environmental innovation, frugal innova-
tion, responsible innovation, open innovation,
green innovation, inclusive innovation, social
innovation) have been promoted (Charter and
Clark, 2007; El Bilali, 2018b; Network for Busi-
ness Sustainability, 2012; STEPS Centre, 2010).
Innovation is considered crucial to ensure agri-
culture development, adapt to climate change,
and achieve food security (European Com-
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mission, 2016; HLPE, 2019; IAASTD, 2009;
IICA, 2014; Royal Society, 2009; UNCTAD,
2017; World Bank, 2007). Innovation can also
improve food system resilience and resource
use efficiency in agriculture (HLPE, 2017).
Innovation in the agriculture and food sectors is
particularly crucial for those countries where ag-
riculture is still relevant for its contribution to the
national gross domestic product (GDP) and em-
ployment and/or face food insecurity and malnu-
trition problems. This is the case of the countries
of North Africa (viz. Algeria, Egypt, Libya, Mo-
rocco, and Tunisia). Data from the World Bank
(2021a) show that the contribution of agriculture,
forestry, and fishing to GDP is 12.4% in Algeria,
11.0%in Egypt, 1.8% in Libya, 12.2% in Morocco,
and 10.4% in Tunisia. Meanwhile, employment in
agriculture ranges from 34% in Morocco to 10%
in Algeria, 23% in Egypt, 19% in Libya, and 13%
in Tunisia (World Bank, 2021b). Data from the
State of Food Security and Nutrition in the World
2020 (FAO et al., 2020) shows that, during the
period 2017-2019, the prevalence of moderate or
severe food insecurity among the total population
was 17.6% in Algeria, 34.2% in Egypt, 35.9% in
Libya, 25.9% in Morocco, and 20.0% in Tunisia.
However, the North African countries still have

a low propensity for innovation (Radwan, 2018).
Indeed, the most recent edition of the Global In-
novation Index (Cornell University et al., 2020)
shows that these countries have low scores and
rankings: Algeria scored 19.48 (max. 100) and
ranked 121 (out of 131); Egypt, 24.23/100 and
96/131; Morocco, 28.97/100 and 75/131; and Tu-
nisia, 38.98/100 and 78/131. In this context, there
has been so far no comprehensive analysis of how
innovation in the regional agri-food sector is ad-
dressed in the scholarly literature. To fill this gap,
the present systematic review analyses the state of
research on innovation in agriculture and food in
North African countries. The paper also investi-
gates whether and how sustainability is addressed
in the research strand. It combines bibliographical
and topical analyses of the scholarly literature.

2. Methods

The article draws upon a systematic review
of all documents indexed in the Web of Science
(WoS) and follows the PRISMA guidelines (Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses) (Moher et al, 2009). A
search was carried out on December 30, 2020,
using the following search query: (innovation OR

Table 2 - Systematic review: process of eligible documents selection.

Number
Selection steps of selected | Number of excluded documents and exclusion reasons
documents
Initial search on WoS 132 --
Screening of records 132 10 documfents excludfed pecause they deal with countries outside
. North Africa e.g. Ethiopia, Greece, Iran, Israel, Netherlands,
based on titles . .
Portugal, South Africa, Spain
37 documents excluded:
2 documents that do not deal with North Africa / North African
Screening of records 122 countries
based on abstracts 22 documents that do not address innovation
12 documents that do not deal with agriculture and/or food
1 document without abstract
47 documents excluded:
5 documents that do not address North Africa
Scrutiny of full-texts 85 35 documents that don’t deal with innovation
3 documents that do not address agriculture and/or food
4 reviews
Inclusion in the 18 _
systematic review
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innovative) AND (agriculture OR agro OR horti-
culture OR food OR crop OR vegetable OR fruit
OR cereal OR livestock OR animal OR fish) AND
(“North* Africa” OR “South* Mediterranean”
OR Maghreb OR “Morocc*” OR Algeria OR Tu-
nisia OR Libya OR Egypt). The literature search
yielded 132 documents. The selection of the eligi-
ble documents was informed by El Bilali (2019b,
2020) and El Bilali and Ben Hassen (2020). Table
2 describes the steps of the selection process. In
particular, the eligibility of documents included in
the review was checked based on three different
criteria: (1) geographical coverage (viz. the select-
ed document deals with one or more countries in
North Africa); thematic focus (viz. the selected
document addresses both innovation and agri-
food sector); and document type (viz. the selected
document is a journal article, a book chapter or a
conference paper; letters to editors, commentaries
and/or notes were not included). Only documents
that meet all the above criteria were included in
the systematic review.

Titles screening allowed excluding 10 docu-
ments that do not refer to North Africa; docu-
ments covering wider geographical areas (e.g.
Near East and North Africa, Mediterranean,

Table 3 - List of the selected documents.

Africa) were kept for further analysis. Other 37
documents were discarded following abstracts
scrutiny as they do not meet at least one of the
inclusion criteria. Furthermore, 47 articles were
excluded after the analysis of full-texts. Articles
that report only the results of research activities
without any explicit reference to innovation
were discarded. Since the paper deals with re-
search on innovation in the agri-food sector, fur-
ther 4 review articles were excluded at this step.
Hence, only 38 documents were selected (Table
3). The selected documents included 34 articles
and 4 conference papers.

Both bibliographical and topical analyses
were addressed in the systematic review of the
scholarly literature on innovation in the North
African agri-food sector (Table 4).

As with any systematic review, the present
article has some limitations. Indeed, the results
(cf. selected documents) are affected by the in-
itial search and the selection process. First, the
choice of Web of Science as a search database
implies that only ‘quality’ scholarly literature
was included in the systematic review. There-
fore, the pieces of research published in journals
that are not indexed in WoS (e.g. in general, only

Publication Number .
References list
year of documents
Abbassy and Ead, 2020; Ameur et al., 2020; Badraoui ef al., 2020; Ben Rejeb
2020 14 et al., 2020; Bouissil et al., 2020; Bouzid et al., 2020; Dolinska et al., 2020;
Froebrich et al., 2020; Ghareeb and Seif, 2020; Hamad et al., 2020; Jovanovic
et al., 2020; Naouri et al., 2020; Souli et al., 2020; Zahran et al., 2020
2019 3 Badaoui et al., 2019; Dhraief et al., 2019; Le and Dhehibi, 2019
Braiki et al., 2018; Fouad ef al., 2018; Narvarte ef al., 2018; Singh, 2018;
2018 5 .
Stilt, 2018
2017 2 Dolinska, 2017; Difallah et al., 2017
2016 3 Callieris et al., 2016; Daoudi and Lejars, 2016; Khaled and Segni, 2016
2015 2 Labbaci et al., 2015; Naouri et al., 2015
2013 2 Ameur et al., 2013; Lin et al., 2013
2012 1 Salhi et al., 2012
2010 1 Le Gal et al., 2010
2009 2 Aziza et al., 2009; Kuper et al., 2009
2008 2 Chisenga, 2008; King, 2008
2007 1 Codron et al., 2007
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Table 4 - Analyses performed in the systematic review.

Item Description

Bibliographical analysis affiliations.

Bibliometrics: sources/journals, research areas, authors, institutions/

Research geography: North African countries considered

Agriculture subsectors: crop production (and main crops addressed),
animal production and fisheries

Topical analysis

Stages of the food chain (viz. production, processing, distribution/ retail/
marketing, consumption)

Types of innovation

Innovation and sustainability: whether sustainability is addressed and how

Barriers to and proposals for fostering innovation in the agri-food sector

journals with impact factor, except those indexed
in Emerging Sources Citation Index, which are
under evaluation for the attribution of impact
factor), as well as grey literature (e.g. reports),
are not included in this article. Second, the re-
sults of the search are also affected by the choice
of the search terms, although different synonyms
were used to broaden the initial screening basis.
Third, the selection of articles is affected by the
researchers’ background and their understanding
of innovation, which is complicated by the am-
bivalence of the concept, especially in the agri-
food sector.

3. Results and discussion

3.1. Bibliographical metrics and research
geography

Table 5 shows the bibliometrics of the select-
ed documents (e.g. journals, research areas, au-
thors, affiliation organizations, countries). The
analysis of the selected documents suggests in-
creasing interest in research on innovation in the
North African agri-food sector. Indeed, the an-
nual output of articles in the considered period
(2007-2020) ranges from one in 2007 to 14 in
2020. However, the average annual output in the
period 2007-2020 is less than 3 documents.

Regarding sources, the bibliographical re-
sults show that the most important publication
outlets are Cahiers Agricultures (6 documents),
Irrigation and Drainage (4 documents), and
New Medit (4 documents). Nevertheless, the
findings of research on innovation in the North

Africa agri-food sector were published in 25
other journals and proceedings. It comes as no
surprise that half of the selected documents can
be related to the research area of agriculture
(19 documents). Other prominent research are-
as include environmental sciences — ecology (7
documents), science technology (5 documents),
and water resources (5 documents). However,
the selected documents can be categorized into
10 other research areas (e.g. engineering, chem-
istry, business economics, computer science,
information science), which shows that the re-
search field spans multiple disciplines.

The bibliographical analysis shows that the
most productive, prominent author is Marcel
Kuper (4 documents). Nevertheless, the fact
that most of the authors have only one article
might imply that there is no specialization in the
research field, which, in turn, might be due to
the lack of long-term, structural programs, and
investments. The analysis of affiliation coun-
tries suggests that, surprisingly, the most ac-
tive country in the research field is France (18
documents). Affiliation North African countries
include Algeria (10 documents), Morocco (10
documents), Tunisia (9 documents), and Egypt
(5 documents), while none of the selected doc-
uments is authored by researchers based in Lib-
ya. A large share of the selected documents is
authored by researchers based outside North
Africa; either in Sub-Saharan Africa (e.g. Ethi-
opia, Ghana, Mali, Mozambique, South Africa,
Tanzania), Asia (e.g. China, India, Jordan, Leb-
anon, Saudi Arabia, Sri Lanka), Europe (e.g.
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Table 5 - Bibliographical metrics: top ten journals, research areas, authors, institutions, and countries.

Journals (a*) Research areas (b*) | Authors (c*) Organizations (d*) Countries (e*)
Cahiers . Kuper, M. (4) France (18)
Agricultures (6) Agriculture (19) CIRAD (13)
L Environmental .
Irrlgatlon and Sciences - Ecology |Bouarfa, S. (3) |INRAE (8) Algeria (10)
Drainage (4) e
New Medit (4) (Ssc)lence Technology | 1y ika, A. (3) | AGROPARISTECH (6) | MOrocee (10)
Agricultural Université de Carthage | Tunisia (9)
Systems (2) Water Resources (5) |Habtu, S. (3) 6)
Sustainability (2) | Engineering (4) Hartani, T. (3) LISODE (5) Egypt (5)
Chemistry (3) Zairi, A. (3) CGIAR (4) Spain (4)
Université de
Energy - Fuels (3) Montpellier (4) England (3)
. . Centre National de la .
](321;smess Economics Recherche Scientifique Ethiopia (3)
- CNRS (3)
. TAV HASSAN II; Netherlands;
Computer Science . . Germany; Ghana;
Mekelle University; . .
& Wageningen Universit Mozambique; Saudi
Resiarchg(3) Y Arabia; South Africa;
USA (2)

* Figures in brackets refer to the number of documents by journal (a), research area (b), author (c), affiliation

organisation (d), or affiliation country/territory (e).

England, Germany, Greece, Italy, Netherlands,
Spain) or North America (Canada, USA). This
might indicate the weakness of the research sys-
tems in North Africa and/or lack of attention to
research on innovation in the agri-food sector
in the region. Meanwhile, the most prominent
organizations in the research field are based
outside North Africa, namely CIRAD, INRAE,
and AGROPARISTECH, based in France. Nev-
ertheless, many domestic organizations are ac-
tive in research on innovation in the agri-food
sector (e.g. Université de Carthage — Tunisia;
TIAV Hassan II — Morocco; Ecole Nationale Pol-
ytechnique Algeria). Also, some regional organ-
izations, such as the International Center for Ag-
ricultural Research in the Dry Areas (ICARDA),
are active in the research field.

The analysis of the geography of research
shows that not the same attention is dedicated
to all North African countries (Table 6). Indeed,
the highest number of the selected studies was
performed in Algeria, followed by Tunisia, then

Egypt, and Morocco. This is rather surprising
considering that Egypt is the most populous
country in the region. However, these results are
in line with the Global Innovation Index - GII
(Cornell University et al., 2020) where Morocco
(75/131) and Tunisia (78/131) have better rank-
ings than Egypt (96/131), while they might sug-
gest that Algeria (rank 121/131 in GII) outper-
forms in the agri-food sector. In the meantime,
no study was performed in Libya, which indi-
cates a considerable research gap in the country.
This result might be due to the low importance of
the agri-food sector in the national GDP and the
country’s political instability. Moreover, there
is no single article that addresses innovation in
the agri-food sector in the whole North Africa,
but there are some multi-country studies. For
instance, Ameur et al. (2020) map innovative
agro-ecological practices in the irrigated plains
of Algeria, Morocco, and Tunisia. Meanwhile,
Kuper et al. (2009) use a learning-oriented and
network-based approach to analyze irrigation
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Table 6 - North African countries where the research was performed.

Country or region

(number of articles) LG
Algeria (8) Badaoui et al., 2019; Bouzid et al., 2020; Daoudi and Lejars, 2016; Difallah et al., 2017,
& Khaled and Segni, 2016; Naouri ef al., 2015; Naouri et al., 2020; Salhi et al., 2012
Egypt (6) Ghareeb and Seif, 2020; Hamad et al., 2020; Abbassy and Ead, 2020; Le and Dhehibi,
eYp 2019; Stilt, 2018; Zahran et al., 2020
Moroceo (6) Ameur et al., 2013; Badraoui et al., 2020; Bouissil ez al., 2020; Codron et al., 2007,
Fouad et al., 2018; Labbaci et al., 2015
.. Aziza et al., 2009; Ben Rejeb et al., 2020; Braiki et al., 2018; Callieris et al., 2016;
Tunisia (7)

Dhraief et al., 2019; Dolinska, 2017; Souli et al., 2020

North Africa* (2)

Ameur et al., 2020; Kuper et al., 2009

Africa** (3)

Dolinska et al., 2020; Froebrich et al., 2020; Jovanovic et al., 2020

Global*** (6)

2018; Singh, 2018

Chisenga, 2008; Le Gal et al., 2010; King, 2008; Lin et al., 2013; Narvarte et al.,

* This category includes documents dealing with at least two countries from North Africa.
** This category includes documents addressing at least a North African country and another one from Sub-Sa-

haran Africa.

** This category includes documents dealing with at least another country outside Africa.

management approaches in the Maghreb (viz.
Algeria, Morocco and Tunisia). Furthermore,
there are some Africa-wide studies; for exam-
ple, Dolinska et al. (2020) analyse lessons learnt
from implementing the Community of Practice
(CoP) concept, with the active involvement of
farmers, in innovation platforms in Tunisia, Mo-
zambique and Ethiopia. Similarly, Jovanovic et
al. (2020) provides a comparative analysis of the
impacts of different innovative practices on crop
yield and productivity in Ethiopia, South Africa
and Tunisia. Froebrich ef al. (2020) analyse in-
novation in irrigated smallholder agriculture in
five African countries (viz. Ethiopia, Mali, Mo-
zambique, South Africa and Tunisia). Further
articles, have a more global perspective. For in-
stance, Singh (2018) sheds light on the state and
prospects of Indian innovative technologies into
the African agriculture.

3.2. Agriculture subsectors and food chain
stages

The analysis of the selected literature shows
that it is biased towards crop production. Indeed,
out of the selected documents, only 6 deal with
animal production (Aziza et al., 2009; Dhraief

et al., 2019; Dolinska, 2017; Hamad et al.,
2020; Le Gal et al., 2010; Stilt, 2018), and one
with fisheries (Fouad et al., 2018). As for crop
production, the addressed crops include citrus
(Ben Rejeb et al., 2020), date palms (Bouissil
et al., 2020; Khaled and Segni, 2016; Souli et
al., 2020), wheat (Bouzid ef al., 2020; Jovano-
vic et al., 2020), potato (Bouzid et al., 2020;
Jovanovic et al., 2020), and tomato (Badaoui
et al., 2019; Codron et al., 2007; Dolinska et
al., 2020). In general, the focus is on cash, ex-
port crops rather than staple ones. Other papers
deal with agriculture innovation in general, or
agricultural knowledge and innovation system
(AKIS), without focusing on any specific crop
(Braiki et al., 2018; Chisenga, 2008; Dolinska
et al., 2020; Froebrich et al., 2020; Labbaci et
al., 2015; Le Gal et al., 2010; Le and Dhehibi,
2019; Zahran et al., 2020). A few articles ad-
dress mixed farming; for instance, Ameur et al.
(2020) analyze innovative agro-ecological prac-
tices that aim at livestock integration in cropping
systems to provide multiple ecosystem services
in the North African irrigated plains.

As for the stages of the food chain, most of
the selected documents deals with the upstream
(cf. production) of the food chain; downstream
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(cf. marketing/consumption) and intermediate
stages (e.g. packing, processing) are generally
overlooked. Regarding production, the select-
ed documents focus, among others, on water
resources management and irrigation (Ameur
et al., 2013; Difallah et al., 2017; Ghareeb and
Seif, 2020; Jovanovic ef al., 2020; Kuper et al.,
2009; Le and Dhehibi, 2019; Naouri ef al., 2020,
Narvarte et al., 2018; Salhi et al., 2012) and
pest management (Bouissil ef al., 2020). Some
articles take a more holistic approach and deal
with different types of innovative practices. For
instance, Ameur et al. (2020) map innovative
agro-ecological practices that aim to improve
soil fertility management, increase agricultural
production, or provide multiple ecosystem ser-
vices in North African irrigated plains. Bouzid et
al. (2020) analyze the level of innovation among
Algerian durum wheat and potato producers re-
garding soil fertility management and fertiliza-
tion, pest control, and mechanization. Likewise,
King (2008) describes different innovative prac-
tices for the management of marginal drylands
relating to rangeland rehabilitation, water man-
agement, and sustainable cultivation of crops,
as well as animal husbandry. Other articles deal
simultaneously with different stages by address-
ing the whole agri-food value chain or supply
chain (Badraoui et al., 2020; Lin ef al., 2013).
Only few articles deal with processing and pro-
cessed products such as citrus-based jellies (Ben
Rejeb et al., 2020) and poultry meat (Hamad
et al., 2020). Callieris et al. (2016) are among
the few scholars that focus on consumption and
analyze Tunisian consumer behaviors towards
organic agri-food products. Interestingly, some
articles deal with agri-food waste management
(Badaoui et al., 2019; Khaled and Segni, 2016;
Lin et al., 2013; Souli et al., 2020).

3.4. Types of innovation

Most of the selected documents deal with tech-
nical innovations, while social, organizational,
and marketing ones are generally overlooked.
Technical innovations refer to new technologies
and practices. These include new machines, seed
varieties, fertilizers, or pesticides (Singh, 2018),
and other new technologies used at the farm

level. Indeed, different articles deal with water
resources management and irrigation technolo-
gies such as drip irrigation (Ameur ef al., 2013;
Naouri et al., 2015, 2020; Salhi et al., 2012) and
mechanized raised-bed technology (Le and Dhe-
hibi, 2019). The addressed product innovations
regard new agri-food products such as reduced
sugar citrus-based jellies (Ben Rejeb ef al,
2020), probiotic cell-free supernatants for inhi-
bition of meat infection (Hamad et al., 2020), al-
ginate from Moroccan brown algae (Bouissil ef
al., 2020) and Ecoponics tomatoes in Morocco
(Codron et al., 2007).

The adoption of new farming systems can
be considered a process innovation. Examples
include precision agriculture (Singh, 2018),
agro-ecology (Ameur et al., 2020), Saharan
agriculture (Daoudi and Lejars, 2016; Naouri
et al., 2015), conservation agriculture (King,
2008; Labbaci et al., 2015; Singh, 2018) or
mixed animal-crop farming (King, 2008; Le
Gal et al., 2010). Process innovations also in-
clude methods for the conversion and conse-
quent use of different types of waste, such as
anaerobic digestion (Souli et al., 2020), drying
in solar greenhouses (Badaoui et al., 2019),
fermentation for the production of bioethanol
(Khaled and Segni, 2016). These innovative
processes generally refer to the second gener-
ation waste valorization and re-use strategies
for the production of high-value products (e.g.
fuels, chemicals) rather than conventional waste
processing (e.g. incineration, composting) (Lin
et al., 2013). Different process innovations help
increasing the involvement of various stake-
holders (e.g. farmers) in the development and
diffusion of innovations in the agri-food sector
such as the implementation of the community of
practice (CoP) concept in innovation platforms
(Dolinska et al., 2020) or through multi-stake-
holder consultation processes (Braiki et al.,
2018) and simulation games (Dolinska, 2017).

Organizational innovations are related to the
increasing use of ICT in managing farms (Chis-
enga, 2008). Indeed, some articles address the
use of ICT in agriculture and the agri-food sec-
tor in North Africa (Abbassy and Ead, 2020;
Chisenga, 2008). Technologies addressed in
this respect include the Internet of Things (IoT)
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(Abbassy and Ead, 2020). Organizational in-
novations also regard the restructuring of the
whole AKIS by shifting from fragmentation to
integration (Zahran et al., 2020) or new ways
of governance of the agri-food value chain and
supply chain (Badraoui et al., 2020; Fouad et al.,
2018). For instance, Badraoui et al. (2020) ana-
lyze innovative practices relating to horizontal
logistics collaboration in Morocco’s agri-food
supply chains. Similarly, there is more recourse
to renewable energy sources at the farm level,
such as using photovoltaics in large power irri-
gation systems (Narvarte ef al., 2018) to adapt
agriculture to climate change. In the category of
organizational innovations, all decision support
systems and modeling tools such as those that
help in water management can also be enumer-
ated (Difallah et al., 2017; Ghareeb and Seif,
2020; Jovanovic et al., 2020; Kuper et al., 2009).

Only a few articles refer explicitly to mar-
keting innovations (Bouzid et al., 2020; Cal-
lieris et al., 2016). In fact, referring to Tunisian
consumers’ behavior towards organic agri-food
products, Callieris et al. (2016) point out that
“marketing innovations are necessary to make
organic foods available at affordable prices es-
pecially to promising organic consumers” (p.
53). Meanwhile, Bouzid et al. (2020) analyze
the factors affecting the adoption of innovation
among Algerian durum wheat and potato grow-
ers and argue that “innovations in marketing
and sustainable techniques are non-existent for
durum wheat producers, while some organiza-
tional and marketing innovations are observed
among potato producers”.

Some articles refer simultaneously to different
types of innovations. For instance, Aziza et al.
(2009) analyze the adoption of technical (e.g.
early weaning food supplementation, crossing
Sicilo-Sarde with Sardinian breed) and organiza-
tional (e.g. breeders’ associations membership)
innovations in dairy sheep breeding in Tunisia as
well as their impacts on the flock performance.

Moreover, Stilt (2018) mentions another type
of innovation, namely ‘constitutional innova-
tion,” referring to changes made in Egypt’s 2014
Constitution to ensure animal protection. Sim-
ilarly, Singh (2018) uses the term ‘agronomic
innovations’ when referring to novel agricul-

tural management practices such as inter-crop-
ping and no-till/zero-till agriculture. On the one
hand, this shows the dynamism of the field of
innovation studies and, on the other hand, its
ambivalence and lack of consistency in the use
of the term ‘innovation’. Furthermore, the litera-
ture analysis shows that the distinction between
product innovation, process innovation, and or-
ganizational innovation is not always clear-cut
and straightforward in the agri-food sector. For
instance, the adoption of product innovation, such
as drip irrigation, is a process that can be consid-
ered as a ‘process innovation.” Furthermore, the
adoption of a new, innovative technology often
implies changes in the whole farm’s management
and organization, thus qualifying for being con-
sidered an ‘organizational innovation’.

3.5. Innovation and sustainability in the
agri-food sector in North Africa

There is no earmarked analysis of the relation
between innovation and sustainability/sustaina-
ble development. Similarly, there is no explicit
reference to the concept of ‘sustainable innova-
tion’. However, some articles refer to the nexus
between innovation and sustainability. First, in-
novation is presented as a tool to address many
sustainability challenges. These challenges re-
late to environmental issues such as the scarcity
of water resources (Ameur et al., 2013; Difallah
et al., 2017; Ghareeb and Seif, 2020; Jovanovic
et al., 2020; Kuper et al., 2009; Le and Dhehibi,
2019; Naouri et al., 2020; Narvarte et al., 2018;
Salhi et al., 2012), waste (Badaoui et al., 2019;
Khaled and Segni, 2016; Lin ef al., 2013; Sou-
li et al., 2020), agro-ecosystem disturbance and
biodiversity loss (Ameur ef al., 2020) or land
degradation (King, 2008; Labbaci et al., 2015;
Singh, 2018); social issues such as migration
(Daoudi and Lejars, 2016; Naouri et al., 2015);
or economic issues such as the improvement of
the competitiveness and marketing of agri-food
products (Callieris et al., 2016). For instance,
Ameur ef al. (2020) point out that irrigated ag-
riculture in North Africa is subject to multiple
threats (e.g. soil degradation, natural resources
depletion, unequal access to resources and in-
formation, difficult market access), so farm-
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ers move to alternative farming practices (e.g.
agro-ecology) to sustain their farming systems,
incomes and livelihoods. Similarly, Ghareeb and
Seif (2020) put that “Managing the increasing
water demands in Egypt, with limited water re-
sources, urges Egypt to find innovative and sus-
tainable approaches for management, and make
use of modern information and communication
technologies (ICT) to build decision support
systems (DSS)”.

Second, many scholars address different fea-
tures of ‘sustainable innovation’, such as the
inclusion of concerned stakeholders, especially
farmers (Braiki et al., 2018; Dolinska, 2017;
Dolinska et al., 2020). Indeed, different papers
introduce the concepts of AKIS (Zahran et al.,
2020), agricultural innovation systems (Naouri
et al., 2020), or innovation platforms (Dolins-
ka, 2017; Dolinska et al.,2020) as ways to en-
sure the practical and functional inclusion of all
stakeholders involved in the innovation process.
In this respect, Zahran et al. (2020) argue that

Table 7 - Factors affecting the adoption of innovation

“Agricultural knowledge and innovation system
(AKIS) has a strong potential to enhance eco-
nomic performance of farming and contribute
to agricultural sustainability, as it may increase
synergies and complementarity among actors”.

3.6. Barriers to and proposals for fostering
innovation in the agri-food sector

Different articles analyze the factors that,
positively or negatively, affect the adoption of
innovations in the North African agri-food sec-
tor. These include socio-demographic/human,
technological, economic, and institutional/po-
litical factors (Table 7). However, it seems that
the influence of these factors is context-specific
and their statistical significance, as well as ef-
fect direction (positive/negative), are dependent
on many variables. For instance, Dhraief et al.
(2019), referring to factors affecting innovative
technologies (IT) adoption by livestock holders
in Tunisia, point out that “economic and so-

in the agri-food sector.

advisory services

Categories of factors | Examples Sources

Education Bouzid et al., 2020; Dhraief et al., 2019;

Le and Dhehibi, 2019; Salhi et al., 2012

Socio-demographic | Age Bougzid et al., 2020; Dhraief et al., 2019;
and human & Le and Dhehibi, 2019

Experience Dhraief et al., 2019

Availability of family labour Dhraief et al., 2019; Le and Dhehibi, 2019

Membership in associations Dhraief et al., 2019; Le and Dhehibi, 2019
Institutional Access to extension and Dhraief et al., 2019

and political pad .
Subsidies and marketing

guarantee policies

Bouzid et al., 2020

Size of cattle flocks

Dhraief et al., 2019

Off-farm income

Dhraief et al., 2019

Economic Access to credit

Dhraief et al., 2019; Le and Dhehibi, 2019

and financial Investment needed and

adoption/use cost

Ameur et al., 2020; Salhi et al., 2012

Farm size Le and Dhehibi, 2019
Technploglcal/ Ease of technology use Dhraief et al., 2019
technical

Land tenure Bouzid et al., 2020
Other factors Infrastructure Zahran et al., 2020

Crop type

Salhi et al., 2012
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cio-demographic factors such as farmer educa-
tion, size of cattle flocks and off-farm income
were statistically significant and had positive
influence on technology adoption while age and
farmer experience had significant and negative
effects on IT adoption” (p. 3). Zahran et al.
(2020) argue that “legal and regulatory frame-
works, lack of infrastructure, and weak role of
intermediary organizations are the main barriers
that AKIS faces” in Egypt.

Scholars also made several proposals to fos-
ter innovation development, dissemination, and
uptake in the North African agri-food sector.
A particular focus is put on enhancing human
capital (Bouzid et al., 2020; Dhraief et al.,
2019) through education and training, as well
as the creation of an institutional and political
environment (Bouzid et al., 2020; Dhraief et
al., 2019; Dolinska et al., 2020; Labbaci et al.,
2015; Singh, 2018) that is conducive for and
enabling for innovation in agriculture. Also, the
role of extension and advisory services (Dhraief
et al, 2019) in disseminating innovation
among farmers and producers seems crucial. In
this respect, Dhraief ef al. (2019) suggest that
“Government should focus on educating young
farmers with large cattle flock size and off-farm
income to enhance the adoption of IT for live-
stock holders. It should also intensify training
programs for farmers and for extension agents
with the collaboration of the project managers
and the involvement of the profession and the
private sector” (p. 3). Singh (2018) focuses
on improving political environment to foster
mechanisation in agriculture and argues that
governments should “... create conducive en-
vironment for successful agricultural mechani-
zation, remove restrictions to choice, leasing or
credit programmes for imported machinery as
well as locally produced machines, support in-
formation for better decision making by farm-
ers, legislation for safe, durable and reliable
machinery and equipment” (p. 31). Labbaci et
al. (2015) conclude that strengthening collec-
tive action (cf. organization of work, monitor-
ing, and evaluation development, research and
development, etc.) is vital to promote conserva-
tion agriculture and ensure its sustainability in
Middle Sebou region in Morocco.

4. Conclusions

The present article provides a comprehensive
analysis of the state of research on innovation in
the North African agri-food sector. It suggests in-
creasing interest in the research strand. However,
a large share of the analyzed research outputs is
authored by scholars based in institutions outside
North Africa, especially in Europe (e.g. France).
The literature analysis shows that it is biased to-
wards crop production (e.g. citrus, wheat, and po-
tato); only a few articles deal with animal produc-
tion and fisheries. Most of the selected documents
deal with the upstream (cf. production) of the
food chain; downstream and intermediate stages
are generally overlooked. Similarly, a large share
of the analyzed documents deals with technical
innovations while social, organizational, and
marketing ones are generally disregarded. Tech-
nical innovations refer to new technologies and
practices. Some scholars refer to ‘constitutional
innovation’ and ‘agronomic innovation’, which
shows the dynamism of innovation studies and
the lack of consistency in the use of the term ‘in-
novation’. Furthermore, the distinction between
product innovation, process innovation and or-
ganisational innovation is not always clear-cut
and straightforward in the agri-food sector. There
is no earmarked analysis of the relation between
innovation and sustainability or sustainable de-
velopment. However, innovation is presented as
a tool to address many sustainability challeng-
es (environment, economic, social) and many
scholars address different features of ‘sustainable
innovation’ such as the inclusion of concerned
stakeholders. Different articles analyse the so-
cio-demographic, technological and institutional
factors affecting innovation adoption. Moreover,
scholars highlight the need for enhancing human
capital as well as the creation of an enabling insti-
tutional and political environment to foster inno-
vation in the agri-food sector.

Innovation is crucial in addressing the un-
precedented and interdependent environmental,
economic and social challenges that the North
African agri-food sector is facing. Therefore,
it is crucial to develop an AKIS that promotes
sustainability-oriented innovation. This is par-
ticularly important to address and mitigate the

169




NEW MEDIT SPECIAL ISSUE

consequences of the COVID-19 on the North
African agri-food sector. Indeed, innovation
seems vital to improve sustainability and in-
crease the resilience of the regional agri-food
system. The development of an operational and
highly performing AKIS in North Africa re-
quires moving towards sustainability-oriented
innovation in the agri-food sector accompanied
by policy measures, effective monitoring and
evaluation tools alongside the engagement of
relevant actors and stakeholders (from research,
education, extension, policy, business, civil so-
ciety) and the leverage of sufficient investments
for long-term programs and strategies. While the
focus on technical innovation is still necessary
to modernize the regional agri-food sector, more
attention should be paid to soft innovations relat-
ing to the social and organizational domains. In
this regard, the adoption of systemic innovation
models and approaches results is crucial to fos-
ter the transition towards sustainable, efficient,
and resilient agri-food systems in the region.
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