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Foreword

The 18t Joint Meeting of the FAO-CIHEAM Network for Research and Development in Sheep and
Goats (Subnetworks on Nutrition and Production Systems) and the FAO-CIHEAM Subnetwork
for Research and Development of Mediterranean Forage Resources was held at Morocco’s Na-
tional School of Agriculture in Meknes, from 23 to 25 October 2019. The event was of particular
significance, for three reasons. First, it coincided with the 50th anniversary of the Mediterranean
Agronomic Institute of Zaragoza (CIHEAM Zaragoza). Second, it was the first joint meeting of
these FAO-CIHEAM Networks. Third, it addressed a major challenge for the Mediterranean re-
gion: the efficiency and resilience of feed resources and small ruminant production in the light of
global challenges.

Small ruminant breeding plays an important role in the agricultural livelihood systems in different
Mediterranean countries. However, farmers and shepherds find difficulties to earn a decent living or
have a satisfactory lifestyle, due to many reasons: low product prices and high input prices, low pro-
ductivity and capitalisation, harsh working conditions, decreased attractiveness of farming, social dis-
regard, lack of services in rural areas, competition for land or conflicts of land use with other activi-
ties that are considered more profitable, etc. The pillars of sustainability, productivity, profitability and
environmental and social benefits of this sector are mainly linked to grazing resources that unfortu-
nately undergo continuous and often severe degradation due to the changes to which they are sub-
mitted. In some cases, they are subject to abusive and often excessive use and conversely, in other
cases they are almost abandoned. The effects of climate change are already being felt: reduction in
rainfall, rise in temperatures, and successive years of drought or with extreme climatic events, etc.
This situation has led to a mutation of extensive grazing systems to farming systems based on feed
supplementation. A sustainable management of small ruminant farms requires a better knowledge
of the “soil-plant-animal” interactions and integrated approaches, taking into account the socio-eco-
nomic system. Especially, the resilience of small ruminant systems requires an efficient management
of natural and cultivated forage resources in order to face climatic and social challenges.

The objective of the Meeting was to encourage the participation of and interaction between sci-
entists, technicians and professionals to exchange their experiences and to update knowledge on
the promising options that would improve small ruminant productivity and enhance the conserva-
tion of pastoral forage resources in the Mediterranean countries. This Meeting was organised by
the National School of Agriculture of Meknes (ENA) under the aegis of Morocco’s Ministry of Agri-
culture, Maritime Fisheries, Rural Development, Water and Forests (MAPMDREF), and by the
Mediterranean Agronomic Institute of Zaragoza — International Centre for Advanced Mediterranean
Agronomic Studies (CIHEAM Zaragoza), with the collaboration of the Food and Agriculture Orga-
nization of the United Nations (FAO) and the H2020 Project iSAGE (Innovation for Sustainable
Sheep and Goat Production in Europe, Grant Agreement n679302).

This Joint Meeting gathered 136 participants from 15 different countries and lasted for three days,
including a day’s field visit organised with the collaboration of the Moroccan “Association Nationale
Ovine et Caprine (ANOC)”. The scientific and technical presentations were structured in different
plenary and parallel sessions providing a framework for scientific and technical exchanges, with
invited lectures and oral or poster contributions. The plenary sessions were devoted to questions
of common interest for the two Networks: What production systems and product chains to meet
the societal demand; how to meet the challenge of climate change in Mediterranean agro-pastoral
systems; and how to improve the contribution of grazed and cropped forages in feeding systems.
The parallel sessions provided time to present and discuss specific issues of interest of the Sheep
and Goat Nutrition Subnetwork (Nutritional strategies to improve adaptation and production effi-
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ciency) and of the Mediterranean Forage Resources Subnetwork (Promising forage resources for
Mediterranean production systems). Finally, a workshop presenting the main results and recom-
mendations from the 4-year EU research project iSAGE (Innovation for Sustainable Sheep and
Goat production in Europe) was included in the programme. This workshop was the continuation
of a project’s international training course held during the two previous days at the ENA Meknes.

This issue of Options Méditerranéennes gathers the full articles of most of the presentations
(keynotes, orals and posters) of the Meeting. We thank the panel of article reviewers for their sup-
port to this publication: A. Araba, S. Ates, M. Bengoumi, A. Bernués, |. Casasus, M. Chentouf, P.
de Frutos, A. de Vega, P. Gaspar, S. Giger-Reverdin, |. Hadigeorgiou, A. Kyriazopoulos, L. Lopez
Marco, G. Luciano, D. Martin Collado, Y. Mena, E. Molina, G. Moreno, M. Mounsif, M. Napoleone,
F. Pacheco, P.A. Swanepoel, D. Yafiez and A. Zoghlami.

We acknowledge the FAO Office for North Africa, the iSAGE project, the members of the Scien-
tific and Organising Committees, and the staff and students of ENA Mekneés for their valuable con-
tributions to the organisation of this Meeting.

Abdelhafid Keli (ENA Meknes, Morocco. Local convener)

Claudio Porqueddu (CNR ISPAAM, Italy. Coordinator, FAO-CIHEAM Network on Pastures and
Forage Crops)

Magali Jouven (AgroSup Montpellier, France. Coordinator, FAO-CIHEAM Subnetwork on Me-
diterranean Forage Resources)

Hichem Ben Salem (IRESA, Tunisia. Coordinator, FAO-CIHEAM Subnetwork on Sheep and
Goat Nutrition)

Antonio Lépez-Francos (CIHEAM Zaragoza, Spain. Coordinator (interim) of the FAO-CIHEAM
Subnetwork on Sheep and Goat Production Systems)
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Préface

La premiere réunion conjointe du Réseau FAO-CIHEAM de Recherche et Développement sur les
Ovins et les Caprins (Sous-Réseaux Nutrition et Systémes de Production) et du Sous-Réseau
FAO-CIHEAM de Recherche et Développement sur les Ressources Fourragéres Méditerra-
néennes a eu lieu a I'Ecole Nationale d’Agriculture de Meknés, au Maroc, du 23 au 25 octobre
2019. Les raisons conférant a cet événement une signification particuliere étaient au nombre de
trois. En premier lieu, il coincidait avec le 50°™e anniversaire de I'Institut Agronomique Médite-
rranéen de Zaragoza (CIHEAM-Zaragoza). Ensuite, il s’agissait de la premiéere réunion conjointe
de ces Réseaux FAO-CIHEAM. Finalement, la réunion abordait un enjeu majeur pour la région
méditerranéenne : I'efficience et la résilience des ressources fourragéres et de la production de
petits ruminants a la lumiére des défis globaux.

L'amélioration génétique des petits ruminants joue un réle important pour permettre que les sys-
temes agricoles pourvoient aux moyens d’existence des producteurs dans les différents pays mé-
diterranéens. Il s’avére cependant difficile pour les agriculteurs et éleveurs de gagner décemment
leur vie ou d’avoir un mode d’existence satisfaisant, pour plusieurs raisons : bas prix des produits
et prix élevé des intrants, productivité et capitalisation faibles, dures conditions de travail, moindre
attractivité de I'agriculture, faible valorisation sociale, insuffisance des services en milieu rural, con-
currence fonciére ou conflits pour l'utilisation des terres face a d’autres activités considérées plus
profitables, etc. Les piliers de la durabilité, productivité, rentabilité et bénéfices environnementaux
et sociaux de ce secteur, sont principalement liés aux paturages et ressources herbageres qui mal-
heureusement subissent une dégradation continue et souvent sévére comme conséquence des mu-
tations auxquelles ils sont soumis. Dans certains cas, ils font 'objet d’'une exploitation abusive voire
excessive tandis qu’ailleurs ils sont a I'inverse pratiquement abandonnés. Les effets du changement
climatique se font déja sentir : réduction de la pluviométrie, augmentation des températures, et an-
nées successives de sécheresse ou d’événements climatiques extrémes, etc. Cette situation a en-
trainé une mutation ou les systémes de paturage extensifs se sont tournés vers des systémes basés
sur la supplémentation des animaux. Pour une gestion durable des élevages de petits ruminants,
il sera nécessaire d’avoir une meilleure connaissance des interactions sol-plante-animal et de met-
tre en place des approches intégrées tenant compte du systéme socio-économique. En particulier,
la résilience des systémes de petits ruminants nécessite une gestion efficiente des ressources four-
ragéres naturelles et cultivées afin de faire face aux défis climatiques et sociaux.

L'objectif de la Réunion était d’encourager la participation et I'interaction entre scientifiques, tech-
niciens et professionnels pour leur permettre d’échanger leurs expériences et d’actualiser leurs
connaissances sur des options prometteuses visant a augmenter la productivité des petits rumi-
nants et a améliorer la conservation des ressources fourrageres des paturages dans les pays mé-
diterranéens. La Réunion était organisée par 'Ecole Nationale d’Agriculture de Meknés (ENA)
sous I'égide du Ministére de I’Agriculture, de la Péche Maritime, du Développement Rural et des
Eaux et Foréts du Maroc, et par I'Institut Agronomique Méditerranéen de Zaragoza — Centre In-
ternational de Hautes Etudes Agronomiques Méditerranéennes (CIHEAM-Zaragoza), avec la col-
laboration de I'Organisation des Nations Unies pour I'’Alimentation et I'Agriculture (FAO) et du Pro-
jet H2020 iSAGE (Innovation for Sustainable Sheep and Goat Production in Europe, Accord de
subvention n° 679302).

Cette Réunion conjointe a rassemblé 136 participants de 15 pays différents pour une durée de trois
journées, comprenant une sortie de terrain d’'une journée organisée avec la collaboration de I'As-
sociation Nationale Ovine et Caprine (ANOC) du Maroc. Les présentations scientifiques et tech-
niques étaient structurées en différentes sessions pléniéres ou paralléles qui fournissaient un ca-

Efficiency and resilience of forage resources and small ruminant production to cope 13
with global challenges in Mediterranean areas



dre pour le débat scientifique et technique, les contributions étant sous forme de présentations prin-
cipales, présentations orales et posters. Les sessions pléniéres ont porté sur des questions d’in-
térét commun pour les deux réseaux : Quels systémes de production et chaines de produits pour
répondre aux demandes sociétales ? Répondre au défi posé par le changement climatique dans
les systémes agropastoraux méditerranéens, et Améliorer la contribution du fourrage paturé ou ré-
colté dans les systémes alimentaires. Les sessions paralléles ont pris le temps de présenter et de
débattre sur des enjeux spécifiques d’'intérét pour le Sous-Réseau sur la Nutrition des Ovins et Ca-
prins (stratégies nutritionnelles pour améliorer I'adaptation et I'efficience productive des ovins et
caprins) et du Sous-Réseau sur les Ressources Fourrageres Méditerranéennes (ressources four-
ragéres prometteuses pour les systéemes de production de la région méditerranéenne). Finalement,
un atelier présentant les principaux résultats et recommandations des 4 années de recherche du
projet de 'UE iSAGE (Innovation for Sustainable Sheep and Goat production in Europe) a été in-
clus au programme ; cet atelier était la continuation d’'un cours international de formation lié au pro-
jet et qui avait eu lieu a 'TENA Meknés pendant les deux journées précédentes.

Ce numéro d’'Options Méditerranéennes rassemble le texte intégral des articles concernant la plu-
part des contributions (présentations principales, présentations orales et posters) de la Réunion.
Nous tenons a remercier, pour leur appui a cette publication, 'ensemble des personnes ayant ré-
visé les articles : A. Araba, S. Ates, M. Bengoumi, A. Bernués, |. Casasus, M. Chentouf, P. de Fru-
tos, A. de Vega, P. Gaspar, S. Giger-Reverdin, |. Hadigeorgiou, A. Kyriazopoulos, L. Lépez Marco,
G. Luciano, D. Martin Collado, Y. Mena, E. Molina, G. Moreno, M. Mounsif, M. Napoleone, F. Pa-
checo, P.A. Swanepoel, D. Yafez et A. Zoghlami.

Nos remerciements vont également au Bureau sous-régional de la FAO pour I'Afrique du Nord, au
projet iISAGE, aux membres du Comité scientifique et du Comité d’organisation, et au personnel et
aux étudiants de 'ENA Meknés pour leur précieuse contribution a I'organisation de cette Réunion.

Abdelhafid Keli (ENA Meknes, Maroc. Organisateur local)

Claudio Porqueddu (CNR ISPAAM, ltalie. Coordinateur, Réseau FAO-CIHEAM sur les Patu-
rages et Cultures Fourragéres)

Magali Jouven (AgroSup Montpellier, France. Coordinatrice, Sous-Réseau FAO-CIHEAM sur
les Ressources Fourrageres Méditerranéennes)

Hichem Ben Salem (IRESA, Tunisie. Coordinateur, Sous-Réseau FAO-CIHEAM sur la Nutri-
tion des Ovins et Caprins)

Antonio Lopez-Francos (CIHEAM-Zaragoza, Espagne. Coordinateur (intérim) du Sous-Réseau
FAO-CIHEAM sur les Systémes de Production en Ovins et Caprins)
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What production systems and product chains
to meet the societal demand?






Resilient and efficient small ruminant value
chains in the Mediterranean basin:
challenges and opportunities from

society and consumers’ needs

R. Zanoli'

Universita Politecnica delle Marche (UNIVPM), Ancona (ltaly)

Mediterranean areas are characterized by a high proportion of sheep and goats in the total ruminant livestock
units (30% vs 10% worldwide); such proportion is slowly decreasing, while it increases at a global level. A
possible explanation is that small ruminant farming is mainly associated with traditional systems, which per-
formance and resilience are limited in the present context.

An interesting concept, introduced by Nassim Nicholas Taleb, is the notion of “anti-fragility”, which goes be-
yond resilience or robustness: an anti-fragile system does not only survive to the shocks it endures, it gets bet-
ter after them. An anti-fragile sheep and goat value chain would: (i) focus on the right knowledge, which en-
ables to detect, understand and endure the changes affecting the supply chain; (ii) adjust in real-time, in order
to seize the chances of positive change; (iii) be based on a network approach, which is less fragile than a lin-
ear pipeline. A common fallacy of sheep and goat research in this respect is the low importance and priority
which have been given, until recently, to innovation (in products, processes, marketing). Innovation could help
answering strategic issues for Mediterranean areas: the remuneration of ecosystem services, a better com-
pliance with agro-ecological principles, an improved access to the market for pastoral products.

The change in the consumer landscape represents a major challenge for traditional sheep and goat value
chains. In the Mediterranean basin, the population is concentrated near the coast while small ruminants are
found mainly in the inner lands. The population is ageing and the time devoted to cooking meals has been re-
duced by half in the last 30-40 years. Lamb and goat meat is tasty and benefits from a natural, genuine, au-
thentic image; though, it is usually rich in fat, requires a long cooking time and its strong taste has become un-
familiar to the younger generations. As a consequence, consumers increasingly prefer chicken or veggie meat.
However, consumers are not all alike and market segmentation could help commercialise small ruminant meat.
Collective brands, fancy packaging (small portions, with labels and illustrations) or ready-to-use (seasoned or
cooked) products are promising strategies to increase sales for the small ruminant meat sector. In a reputa-
tion economy based on social media, advertising the products with the help of renowned chefs could help to
make sheep and goat meat more trendy.

This presentation focussed on meat, because at the present moment it is the most fragile component of sheep
and goat value chains. Many PDOs exist for dairy products (cheese) and goat milk is highly demanded in
Europe; still, logistic issues and a better organization of dairy supply chains should be addressed, especial-
ly in Southern Mediterranean countries. Because specialized systems are more fragile, a general issue in the
future should be to encourage diversified systems, possibly based on dual-purpose breeds. And of course,
organising supply chains and new, innovative, distribution channels.

1. This summary was elaborated by Magali Jouven (AgroSup Montpellier, France) on the basis of the pres-
entation delivered by Raffaele Zanoli in the 15t Joint Meeting of the FAO-CIHEAM Networks on Sheep and
Goats and on Mediterranean Pastures, “Efficiency and resilience of forage resources and small ruminant pro-
duction to cope with global challenges in Mediterranean areas” (Meknes, Morocco, 23 to 25 October 2019).
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Impact of feed quality on animal
health and food safety

M. Bengoumi” and H. Boulajfene

FAO Office for North Africa, 1, rue du Lac Winnipeg — Les Berges du Lac 1,
1053 Tunis BP. 107, Les Berges du lac 1,
*e-mail: mohammed.bengoumi@fao.org

Abstract. The livestock sector accounts for 40% of the global value of agricultural production and enhances the
livelihoods and food security of nearly 1.3 billion people in the world. Animal feed accounts for about 79% of
global vegetable protein consumption (including fodder) and 58% of protein concentrates (FAOStat, 2017).
Animal feed is an important source of hazards to the human food chain, its safety must be assessed prior to its
feeding to animals. Feed safety includes the impact on human as well as animal health and welfare, which, in
turn, can affect productivity. Safety assessments are often multifaceted. The range of potential hazards associ-
ated with feed is broad and possibly increasing with the rising importance of different feed sources and feed
production technologies. The main chemical hazards are persistent organic pollutants, veterinary drug residues,
organochlorine and other pesticides, potentially toxic elements, mycotoxins, plant toxins, etc. Biological hazards
are mainly bacterial, viral, parasitic, fungal pathogens and prions. While physical hazards include nanomateri-
als and radionuclides. Feed safety assessment is costly and needs highly qualified laboratories. Therefore, risk
assessment, risk management and risk communication are key elements for ensuring feed safety. FAO, WHO
and OIE have developed international standards for feed safety and established the ad hoc Codex Intergovern-
mental Task Force on Animal Feeding. FAO and WHO provide the scientific basis to Codex through the Joint
FAO/WHO Expert Committee on Food Additives (JECFA); the Joint FAO/WHO Meetings on Pesticide Residues
(JMPR), the Joint Expert Meetings on Microbiological Risk Assessment (JEMRA) and the Joint FAO/WHO ad
hoc Expert Meetings on Safety Assessment of Food Derived from Biotechnology. FAO has developed a series
of programmes to support member countries in ensuring feed safety including compilation and dissemination of
information, promotion of wide alliances and partnership with the private sector, technical assistance and capac-
ity— and institutional building; and awareness raising and policy advice.

Keywords. Animal feeds — Safety — Hazards — Risk — Assessment — Management — Comunication — Interna-
tional Standars — Codex.

Impact de la qualité des aliments pour animaux sur la santé animale et la sécurité sanitaire des produits
alimentaires

Résumé. Le secteur de I'élevage représente 40% de la valeur globale de la production agricole et améliore
les moyens d’existence et la sécurité alimentaire de pres de 1,3 milliard d’habitants. L’alimentation animale re-
présente environ 79% de la consommation mondiale de protéines végétales (fourrages compris) et 58% des
protéines de concentrés (FAOStat, 2017). Les aliments pour animaux sont une importante source de dangers
pour la chaine alimentaire humaine, et leur sécurité sanitaire doit étre évaluée avant de les distribuer aux ani-
maux. La sécurité sanitaire des aliments pour animaux inclut I'impact sur la santé et le bien-étre des étre hu-
mains ainsi que des animaux, ce qui peut avoir des conséquences pour la productivité. Les évaluations de sé-
curité sanitaire portent souvent sur de multiples facettes. L'éventail de dangers potentiels liés aux aliments pour
animaux est vaste et pourrait augmenter avec I'importance grandissante de différentes sources et technolo-
gies de production d’aliments pour animaux. Les principaux dangers chimiques sont les polluants organiques
persistants, les résidus de médicaments vétérinaires, les organochlorés et autres pesticides, les éléments po-
tentiellement toxiques, les mycotoxines, les toxines de plantes, etc. Les dangers biologiques sont principale-
ment les organismes bactériens, viraux, parasitaires, pathogénes fongiques et prions, tandis que parmi les dan-
gers physiques figurent les nanomatériaux et radionucléides. L'évaluation de la sécurité sanitaire des aliments
pour animaux est coliteuse et nécessite des laboratoires tres qualifiés. Donc, I'évaluation, la gestion et la com-
munication des risques sont des éléments-clés pour assurer la sécurité sanitaire des aliments pour animaux.

Options Méditerranéennes, A, no. 125, 2021 — Efficiency and resilience of forage resources
and small ruminant production to cope with global challenges in Mediterranean areas 21



La FAO, 'OMS et I'OIE ont développé des normes internationales pour la sécurité sanitaire des aliments pour
animaux et ont instauré le Groupe spécial intergouvernemental du Codex pour I'alimentation animale. La FAO
et 'OMS fournissent au Codex les bases scientifiques a travers le Comité mixte FAO/OMS d’experts sur les
additifs alimentaires (JECFA), le Comité mixte FAO/OMS d’experts sur les résidus de pesticides (JMPR), le
Comité mixte d’experts FAO/OMS sur I'évaluation des risques microbiologiques (JEMRA) et le Comité mixte
d’experts FAO/OMS sur I'évaluation des risques des aliments obtenus au moyen des biotechnologies. La FAO
a développé une série de programmes pour appuyer les pays membres afin d’assurer la sécurité sanitaire des
aliments pour animaux, y compris la compilation et la diffusion de l'information, la promotion de larges alliances
et partenariats avec le secteur privé, I'assistance technique et le renforcement des compétences et des insti-
tutions, et la sensibilisation ainsi que le conseil politique.

Mots-clés. Aliments pour animaux — Sécurité sanitaire — Dangers — Risque — Evaluation — Gestion —
Communication — Normes internationales — Codex.
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Diversité des systémes de production agricole
dans le massif forestier du Boutaleb, Algérie

H. Sahraoui, N.A. Sahraoui, F. Kermouche et T. Madani

Département d’agronomie, Université Sétif 1, El Bez, Sétif (Algérie)

Résumé. Le massif forestier du Boutaleb, situé au Nord-Est algérien, constitue un atout environnemental et
socio-économique pour la région. La présente étude, réalisée en 2008 dans le cadre d’un projet d’aménage-
ment, a pour objectif d’analyser I'agriculture et I'élevage dans le massif. 116 exploitations d’élevage ont été
approchées a travers I'étude du ménage, des structures de production, du fonctionnement de I'unité et de son
rapport a la forét. Les statistiques descriptives ont permis de décrire globalement I'agriculture et I'élevage, alors
que I'analyse des correspondances multiples et la classification ascendante hiérarchique ont permis de créer
une typologie des systemes de production. L'étude a montré que 97 % des exploitations sont a caractére fami-
lial, la SAU est de 4 ha, et les éleveurs possédant des terres agricoles, réservent en moyenne 96 % a la céréa-
liculture pour la consommation humaine et surtout animale. D’autre part, le paturage des ressources sylvo-pas-
torales est primordial et intervient pendant une durée moyenne de six mois par an. L'étude de la typologie a
permis de distinguer 3 systémes d’exploitation qui différent selon leurs environnements par leurs objectifs, mo-
yens et stratégies : (1) Petite exploitation pastorale, (2) Exploitation agro-pastorale (3) Grande exploitation diver-
sifiée. A la lumiere de ces résultats, des propositions ont été faites afin de protéger les ressources sylvo-pasto-
rales et promouvoir la synergie entre I'agriculture et I'élevage d’'un cété et la forét de l'autre.

Mots clés. Algérie — Forét semi-aride — Systemes d’élevage — Sylvo-pastoralisme — Projet d’aménagement.

Diversity of agricultural production systems in the Boutaleb forest, Algeria

Abstract. The Boutaleb forest, located in northeastern Algeria, is an environmental and socio-economic as-
set for the region. This study, conducted in 2008 as part of a development project, aims to analyze agriculture
and livestock production in the region. 116 livestock farms were approached through the study of the house-
hold, the production structures, the farm functioning and its relation to the forest. Descriptive statistics were used
to describe agriculture and stockbreeding, while the multiple correspondence analysis and hierarchical as-
cending classification were performed to create a typology of production systems. The study showed that 97%
of farms are family-type, the average UAA is 4 ha, and Farmers who own agricultural land, reserve 96% of the
area for cereals for family consumption and especially for animals. On the other hand, grazing of sylvo-pas-
toral resources is essential and takes place for an average of six months per year. The study of the typology
allowed distinguishing between 3 production systems which differ according to their environments by their ob-
Jective, means and strategies: (1) Small pastoral farm, (2) Agro-pastoral farm (3) Large and diversified farm.
In the light of these results, proposals have been made to protect sylvo-pastoral resources and promote syn-
ergy between agriculture, stockbreeding and the forest.

Keywords. Algeria — Semi-arid forest — Livestock systems — Sylvo-pastoralism — Development project.

| — Introduction

Le massif forestier du Boutaleb, situé au Nord-Est algérien et faisant partie des chaines de Hod-
na, constitue un atout pour la région du point de vue environnemental (protection des sols, biodi-
versité), mais aussi socio-économique en permettant a des communautés humaines de s'instal-
ler et de se maintenir grace a son environnement et ses ressources favorables a la mise en place
d’activités vitales telles que I'agriculture et I'élevage.
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Dans un contexte de développement local des massifs forestiers a I'échelle nationale, et vue son
importance, le massif a bénéficié en 2008 d’un projet d’aménagement. Le présent travail s’inscrit
justement dans ce contexte et vise a comprendre les systémes d’exploitation agricole au sein des
exploitations d’élevage a travers les dimensions socio-économiques, agricoles et 'analyse de la
relation entre I'élevage et la forét. L'objectif est d’identifier et de décrire la diversité des exploita-
tions d’élevage afin de proposer les actions adéquates pour leur développement tout en garan-
tissant la préservation du patrimoine forestier.

Il — Matériel et méthodes

1. Région d’étude

D’une superficie de 28 416 ha, le massif du Boutaleb constitue un maillon important de la partie
orientale de la chaine du Hodna ; il est situé entre les hautes plaines sétifiennes et le bassin du
Hodna (Bertraneu, 1952). Son point culminant s’éléve a 1890 m d’altitude. La région regoit des pré-
cipitations variables selon I'année et selon I'exposition, elles varient de 550 a 600 mm/an sur le
versant Nord et peuvent atteindre 754 mm en altitude, alors qu’elles n’atteignent que 312 mm/an
sur le versant Sud. Les températures extrémes du mois le plus froid et du mois le plus chaud en-
registrent des moyennes de —2.3°C et +32°C (Boudy, 1955).

2. Démarche méthodologique

A. Approche

Un systéme de production est «un ensemble structuré de moyens de production combinés entre
eux pour assurer une production végétale et/ou animale en vue de satisfaire les objectifs et be-
soins de I'exploitant et de sa famille» (Jouve, 1992).

B. Enquétes

Aprés une étape de pré-enquéte auprées de différents organismes technico-administratifs (mairies,
direction et subdivisions des services agricoles) pour identifier les caractéristiques générales de
I'agriculture et de I'élevage dans le massif, 116 exploitations d’élevage choisies au hasard et ré-
parties sur le massif ont été enquétées. L'enquéte met I'accent sur trois volets : le ménage, les
structures et le fonctionnement de I'unité de production (cultures, élevage et relation avec la fo-
rét). Elle est réalisée en un seul passage et dure entre 30 et 60 minutes.

C. Analyse statistique

Al'aide du logiciel statistique SPAD (v 5.0), nous avons effectué I'analyse descriptive visant a syn-
thétiser les caractéristiques générales des exploitations. Ensuite, une typologie des systemes de
production a été effectuée en utilisant I'analyse des correspondances multiples (ACM) suivie de la
classification ascendante hiérarchique (CAH). Les variables retenues sont relatives aux caracté-
ristiques de I'exploitation en terme socio-économique (Composition du ménage et revenu), struc-
turel (surfaces agricoles, équipement et composition du troupeau) et fonctionnel (cultures et leur des-
tination, utilisation des ressources sylvo-pastorales et stratégie de commercialisation des animaux).
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Il - Résultats et discussion

1. Caractéristiques générales de I’agriculture au Boutaleb

Notre étude a montré que 97% des exploitations du massif du Boutaleb ont un caractéere familial
(ne font pas appel a la main d’ceuvre salariée). La SAU moyenne est de 4 ha et seuls 11 % des
exploitations sont dotées d’équipement agricole, qui est un signe de dépendance envers I'exté-
rieur. La production végétale est dominée par la céréaliculture pluviale destinée a I'alimentation
humaine (blé) et animale (orge), et en cas de présence d’eau d’irrigation, la céréaliculture en irri-
gué (avoine, orge en vert), le maraichage et le tabac font leur apparition.

L'élevage est en général sylvo-pastoral extensif représenté essentiellement par les petits ruminants
de races locales. Cet élevage est détenu par une majorité de petits éleveurs naisseurs, peu or-
ganisés et peu encadrés. L'élevage ovin, ancré dans les traditions de la population nord-africaine
(Rondia 2006), est présent dans la quasi-totalité de I'échantillon (99%) et souvent associé au ca-
prin (60 % des cas). L’élevage bovin est présent dans 35 % des exploitations avec des effectifs
faibles (1 a 3 vaches) et situé le plus souvent au versant nord du massif grace a des conditions
microclimatiques plus favorables. Il est orienté vers la production laitiere pour la famille, alors que
le veau est destiné a I'engraissement et permet la rentabilisation de I'élevage. Les bovins sont ali-
mentés a base de produits issus de I'agriculture de I'exploitation, mais aussi provenant de I'exté-
rieur (concentrés composeés, son du blé).

2. Systémes de production identifiés

Notre étude des exploitations d’élevage au Boutaleb a permis de distinguer 3 systémes différents
allant du plus extensifs au plus soutenu :

A. Exploitation sylvo-pastorale

Ce type représentant 9 % du total et concerne les exploitations pratiquant I'élevage pastoral comme
unique activité. L'exploitation est conduite par des bergers habitant I'intérieur et le sud du massif et
ne disposant pas de terre cultivables, de matériel agricole, ou de main d’ceuvre externe. Il s’agit des
élevages extensifs de troupeaux de petits ruminants et parfois de caprins seuls ne dépassant pas
les 35 tétes. L'exploitation des ressources sylvo-pastorale durant plus de 7 mois/an est vitale pour
le maintien de I'exploitation puisque les revenus externes dans ces unités de production sont absents
ou trés faibles (<150 €/mois). La complémentation se fait uniquement par la paille achetée pour as-
surer la survie des animaux, et la commercialisation des animaux se fait en maigre dés qu'il y a un
besoin de financement. La variabilité de I'offre pastorale selon les années est la principale cause du
maintien ou de la disparition de I'exploitation. Ce systeme nécessite le soutien des services fores-
tiers et agricoles pour lutter contre les fluctuations interannuelles de I'offre pastorale a travers une
meilleure gestion de I'espace et un meilleur suivi technique (alimentation, reproduction, hygiéne).

B. Exploitation agro-sylvo-pastorale

Représentant 64 % du total, celles-ci sont situées en lisiere sud et ouest pour la majorité. Les sur-
faces agricoles en possession sont inférieures a la moyenne (<4ha), du coup les chefs d’exploita-
tions recourent a la location pour la culture du blé et de I'orge. Ces unités ne disposent pas de ma-
tériel agricole et louent également des entrepreneurs pour travailler leurs terres. L'élevage est
orienté vers les troupeaux mixtes de taille moyenne (35 a 70 tétes), et valorise les produits de la ferme
disponibles en quantités suffisantes mais aussi les ressources sylvo-pastorales pendant une durée
moyenne de 6 mois durant les périodes de repousse de la végétation ou de manque de ressources
agricoles (chaumes). Les animaux commercialisés ont un bon état d’embonpoint parce qu’ils bé-
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néficient soit de complémentation durant des périodes assez longues, soit de périodes d’engrais-
sement. Le niveau de vulnérabilité de ce type d’exploitations est sensiblement moins élevé. L'acces
a la terre, I'eau et I'équipement sont les éléments clés pour le développement de ces exploitations.

C. Grandes exploitations diversifiées

Représentant 27 % du total. Concerne des exploitations dont 'unité familiale est grande et com-
plexe (plusieurs familles et/ou plusieurs générations). Elles sont situées notamment au nord du mas-
sif, disposant de terres agricoles supérieures a la moyenne (> 4 ha) en propriété et en partie louées
et possédant un équipement agricole. Ces exploitations mobilisent de I'eau pour la culture du ta-
bac, du maraichage, et des céréales que I'élevage valorise par la suite a travers leurs produits (orge)
et/ou coproduits (paille). La culture des fourrages est souvent pratiquée et représente une diffé-
renciation importante par rapport aux deux autres types. L'élevage concerne de grands troupeaux
ovins principalement (> 70 tétes). La présence du bovin est également a noter alors que I'élevage
caprin est marginal. Les ressources sylvo-pastorales entrent dans I'alimentation des ovins durant
une période plus courte (4 mois) comparativement aux deux autres types. Les revenus tirés des
céréales, des cultures de rentes (tabac), ou provenant de I'extérieur (>300 €/mois) participent a ren-
forcer le systéme de production aprés en avoir assuré la sécurisation et la structuration de I'ex-
ploitation. Les éleveurs de ce groupe, a la recherche de la performance et possédant les atouts né-
cessaires, sont de potentiels collaborateurs pour un éventuel programme d’amélioration génétique.

IV — Conclusion

Notre étude a permis de mesurer I'importance de la diversité de I'agriculture et I'élevage au Bou-
taleb, qui joue un réle dans le maintien de I'équilibre et la valorisation de cet espace. Elle consti-
tue également un atout pour le développement local puisqu’elle engendre une variété de produits
dont I'identification et la valorisation a travers la création de labels de qualité ou de nouvelles ac-
tivités (éco-tourisme par exemple) permettrait I'amélioration des revenus de la population et ainsi
renforcer les systémes de production et d’apaiser la pression sur la forét.

Elle a permis aussi d’identifier les exploitations les plus vulnérables dont il faudrait renforcer les
capacités agricoles et pastorales par la mise en place de points d’eau collectifs pour lirrigation et
le développement des plantations pastorales par exemple. De plus, I'intégration du pastoralisme
dans les pratiques sylvicoles permet une meilleure gestion sylvicole en assurant a la fois une éco-
nomie pour les forestiers et des ressources alimentaires pour les animaux.
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Abstract. This study aimed to identify the challenges of the sheep and goat sector in Europe as part of the
iSAGE project. A total of 90 stakeholders were surveyed in 2018 following a participatory approach and each
challenge was analysed in terms of i) relevance; ii) easiness to address and iii) stakeholders needed to take
action. Differences in the relevance and easiness to address the challenges were compared between prod-
ucts (dairy vs meat), species (sheep vs goats), production system (intensive vs semi-intensive vs extensive),
geographical region (Southern vs Central-Europe) and type of stakeholder (private vs public sector). A prior-
ity for action index was calculated to identify the key challenges, which combined high relevance and easi-
ness to address. The high heterogeneity in the small ruminant sector across Europe was reflected in the vari-
ability observed in the perception of the challenges that this sector is facing. The main differences were found
between regions (Southern vs Central Europe). The type of product and farming system explained moderate
differences between challenges whereas species explained little differences. Overall, the top 10 challenges
for prioritization included 5 internal weaknesses (Low promotion of local breeds; Poor business management
training; Low professionalization; Slow adoption of innovations; Low adaptability of high producing breeds)
and 5 external threats (Low consumer education; Low consumer knowledge on farming; Researchers not
addressing real problems; Unfair trade/lack of traceability; Poor recognition of farming public services).
Internal weaknesses need more action from the sector itself (farmers and associations), while external
threats require action from governments in collaboration with the sector.

Keywords. Challenges — Multi-stakeholder — Small ruminants.

Une analyse multipartite collaborative des défis du secteur ovin et caprin en Europe

Résumeé. Cette étude visait a identifier les défis du secteur ovin et caprin en Europe dans le cadre du projet
iISAGE. Au total, 90 parties prenantes ont été interrogées selon une approche participative et chaque défi a
été analysé en termes de i) pertinence; ii) la facilité a traiter et iij) les parties prenantes doivent prendre des
mesures. Les différences de pertinence et de facilité a relever les défis ont été comparées entre les produits
(produits laitiers et viandes), les espéces (ovins et caprins), le systeme de production (intensif ou semi-inten-
sif ou extensif), la région géographique (Europe méridionale et centrale) et le type partie prenante (secteur privé
vs public). Un indice de priorité d’action a été congu pour identifier les principaux défis, qui allient haute perti-
nence et facilité de résolution. La grande hétérogénéité du secteur des petits ruminants en Europe s’est re-
flétée dans la variabilité observée dans la perception des défis auxquels ce secteur est confronté. Les princi-
pales différences ont été observées entre les régions (Europe du Sud et Europe centrale). Le type de produit
et le systeme d’exploitation expliquent des différences modérées entre les défis, tandis que les especes ex-
pliquent peu de différences. Globalement, les 10 principaux défis en matiere de hiérarchisation comprenaient
5 faiblesses internes (faible promotion des races locales; faible formation en gestion des affaires; faible pro-
fessionnalisation; adoption lente des innovations; faible adaptabilité des races a haute production) et 5 me-
naces externes (faible éducation des consommateurs; faible consommation des consommateurs). connais-
sances sur I'agriculture; chercheurs ne s’attaquant pas a de vrais problemes; commerce injuste / manque de
tracabilité; mauvaise reconnaissance des services publics). Les faiblesses internes nécessitent davantage d’ac-
tion de la part du secteur lui-méme (agriculteurs et associations), tandis que les menaces extérieures néces-
sitent une action des gouvernements en collaboration avec le secteur.

Mots-clés. Défis — Multi-acteur — Petits ruminants.
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| — Introduction

The EU sheep and goat sector has been experiencing economic and structural difficulties in recent
decades. These difficulties have caused a consistent decrease in livestock numbers following out-
breaks of contagious diseases and policy changes in public funding schemes. Many farmers are
currently becoming discouraged and leaving the sector because of a combination of socio-economic
reasons. Moreover, as sheep and goat farming is among the less remunerative agricultural activi-
ties, it does not encourage investments or new entrants from younger generations of farmers.

The project H2020 iSAGE (Innovation for Sustainable Sheep and Goats in Europe) envisages con-
tributing to make the European Sheep and Goat sectors more sustainable, competitive and resilient.
Part of the project activities is to identify and quantify the importance of the current and future chal-
lenges that may compromise the sustainability of sheep and goat industry in Europe. To identify
and quantify these challenges, iISAGE uses a participative multi-stakeholder approach with industry
and research institutions working together.

This multi-stakeholder approach is required when dealing with complex and multi-side systems as
the European sheep and goat sector to understand how to create change, implement research,
and facilitate new ways of thinking (O’Brien et al., 2013). Integration and perceptions of knowledge
affect how problems are identified and framed, the capacity for generation of innovative and prac-
tical solutions, the relevance of outcomes to policy and the extent of participation in learning
(Bracken and Oughton, 2013). Traditional assumptions of researchers as the sole producers of
knowledge are increasingly being replaced by activities that include multi-way interaction and co-
production of knowledge between researchers, decision-makers and other beneficiaries of science
(Francis and Goodman, 2010).

The objective of the study was to identify and quantify the main challenges that the sheep and goat
sector faces in Europe, the perception of the relevance of such challenges throughout the differ-
ent sector stakeholders; the difficulties to address such challenges and the different stakeholders
that need to take action to address these challenges.

Il — Materials and methods

iISAGE multi-stakeholder network included farmers, farmer associations, researchers and indus-
try organisations that work directly with farmers or farmer groups (www.isage.eu). The researchers
and industry organisations in iISAGE have diverse roles and represent the sheep and goat indus-
tries in a variety of ways. All these stakeholders took part in the participatory process described in
detail below. The multi-stakeholder approach aims to provide the analysis with a comprehensive
and wide view of the sector challenges that goes beyond unidirectional views of individual stake-
holders. This multi-stakeholder approach has been recently described in detail by Belanche et al.,
(2020) but in summary the identification and quantification of the challenges to the EU sheep and
goat sectors followed several stages:

i) Stage 1 involved collation of information from work packages 1 and 2 within iSAGE, liter-
ature review of existing EU reports, specific description of the sheep and goat production
sector in each participating country (Greece, France, Spain, UK, Italy, Finland and Turkey)
and semi-structured interviews with farmers. The main challenges identified in this exer-
cise were categorised as ‘technical / social’, ‘environmental’, ‘market’ and ‘policy / financial’.
Moreovoer, all challenges were classified into two categories depending on if they were
considered farm internal weaknesses or external threats.

ii) Workshop 1: Afirst workshop was held in Bilbao, Spain, (24t May 2018) to discuss the first
list of challenges and to collect suggestions for other challenges to be included. The work-
shop was done with 3 small groups of around 15 people each and produced additional
issues to be considered in following stages.
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iii) Developing and conducting the Survey: a survey was developed using the challenges iden-
tified from the outcomes of the reports from each country, the semi-structured interviews
with farmers and the first workshop. Thirty challenges in total were selected based on pre-
vious analysis and the outcome of the discussions distributed in the same four areas
described above (Table 1). From the 30 identified challenges, we developed questions to
ensure consistency in interpretations of questions and data collection. The types of knowl-
edge exchange and evaluations were diverse so questions were kept mostly simple to help

understand and score.

Table 1. List of challenges included in the assessment survey

Farm internal weaknesses

Farm external threats

Sector level

— Sector fragmentation/Lack of integration
— Low cooperation between farmers

— No attractive to young farmers

— Low female involvement

Farm level

— Slow adoption of innovations

— Poor business management training

— Lack of professionalization

Farming systems level

— Low promotion of local breeds

— Low adaptability of high productive breeds
— Low integration livestock and agriculture
Overarching level

— Animal health issues

— High subsidy dependency

— Low competitiveness

Society level

— Low consumer education in local products
— Farmer role unrecognised by society

— Low social knowledge about farming

Poor recognition of farming public services
— Low consumer demand

Market level

— Market monopolised

Unfair trade / Lack of traceability

— Uncertainty of meat and milk prices

— Volatility of commodity prices

Production factor level

— Limited access to land

— Difficult access to capital

Environmental level

— Wildlife conflicts

— Climate change threats

Policy level

— Uncertainty in future changes in subsidies
— EU policy without scientific evidence

— Environmental policy against intensification
Science level

— Researchers not address real problems

Three questions were then developed for each challenge:

1) Assess the perception of the relevance using the following scale: 1=Very low, 2=Low,
3=Medium, 4=High and 5=Very high

2) Evaluate the easiness of addressing each challenge using the following scale: 1=Very dif-
ficult, 2=Difficult, 3=Medium, 4=Easy and 5=Very Easy; and

3) Identify the main stakeholders (from a provided list including i) Government, ii) Farmers,
iii) Associations of producers, iv) Academia, v) Processing industry, vi) Consumers and vii)
Retailers) that should take action to address the each challenge.

Il — Results and discussion

Six out of 30 challenges were relevant or very relevant (average scores 2 4) (in order of relevance):
1) Uncertain meat & milk prices, 2) Volatile commodity prices, 3) Low farm income / difficulty to ac-
cess to capital, 4) low youth involvement, 5) high subsidy dependency and 6) uncertainty in future
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changes in subsidies. All (but low youth involvement) refer to external threats, which are out of the
control, or are extremely difficult to be managed by farmers (and or farmer institutions), reflecting
a perception of the sector of having a weak position to deal with the most important challenges that
it faces. This highlights the need to involve different stakeholders (especially governmental insti-
tutions) in the strategic solutions to propose.

The perception of the relevance of internal weaknesses differed between dairy vs meat produc-
tion systems and south vs central European countries, while external threats were mainly perceived
differently among systems (Table 2). Participants from dairy systems perceived internal weaknesses
associated to the sector and farm level more relevant than those from meat production systems.
Likewise, internal weaknesses were considered more relevant in south vs central European coun-
tries as well in extensive as compared to more intensive production systems. The goat sector, in
comparison to the sheep sector, was perceived as having higher internal weaknesses derived from
the farm structure, whereas the sheep sector was perceived as having higher external threats as-
sociated to the society. The farm intensification level had not effect on the relevance of internal
weaknesses but it showed a decreasing relevance of the external threats as the level of intensifi-
cation increased. Both sectors (public and private) had a similar view about the relevance of in-
ternal weaknesses and external threats as no differences were noted across sectors.

Table 2. Effect of the type of product, species, production system, geographical location and farming
sector on the relevance of internal and external challenges in challenges

Product Species System! Region Sector

Relevance Dairy Meat P2 Sheep Goat P? Int. Semi. Ext. P? South Central P2 Public Private P2
Internal

Overall 362 320 i s 3.63 ns 3.40 3.63 342 ns 363 300 * 348 349 ns
Sector level 3.70 332 - 3.57 3.58 ns 3.45 3.97 349 ns 366 3.30 = 3.57 359 ns
Farm level 357 326 ns 3.37 3.69 * 3.48 3.59 336 ns 366 287 * 353 337 ns
Faiing 355 300 ** 324 365 t 825 347 338 ns 358 271 ** 332 346 ns
system

Qverarching 351 353 ns 3.59 337 ns 320 361 366 ns 345 371 ns 367 325 ns
External

Overall 370 358 ns 3.66 365 ns 347 365 381 * 3863 376 ns 362 372 ns
Society 372 359 ns 3.73 3.56 ) 3.46 3.74 377 t 381 3.88 T 3.63 375 ns
Market 396 387 ns 3.95 3.89 ns 400 381 399 ns 390 404 ns 386 407 +
Prod. factors 378 384 ns 3.70 4.00 T 3.46 3.65 418 ** 3.80 as ns 3.82 377 ns
Environmental 343 340 ns 3.43 3.38 ns 280 337 391 * 333 3.7 * 347 332 ns
Policy 3.64 325 " 3.53 3.5 ns 3.43 3.58 353 ns 354 3.45 ns 3.49 357 ns
Sciences 320 307 ns 3.03 3.40 ns 284 332 324 ns 325 286 ns 305 333 ns

1System: Int. (intensive); Semi. (Semiextensive); Ext. (extensive).
2Pvalue: ***P<0.001; **P<0.01; *P<0.05; + P<0.1.

The sheep and goat sector is very fragmented and the main characteristics vary for each Member
State, or even for each production area: species (sheep, goat, combined), type of farming (milk,
meat), systems (suckler or suckler-fattener / intensive or extensive), types of products (heavy lambs,
light lambs), structures (small or large), importance of the activity within the area (from very impor-
tant to marginal) (Ares, 2011). Our survey indicated that this fragmentation may be more of a threat
for the dairy sector, probably in relation to the complexity of the market as compared to meat. Also,
the highly fragmented production models in Mediterranean countries, in comparison to those in cen-
tral Europe, may explain the difference in perception across geographical locations countries.

For the four categories of challenges considered in the survey (technical / social, market, envi-
ronmental and policy), the perception between the different expert groups varied substantially. The
overall relevance of the internal challenges and some external challenges (e.g. low social knowl-
edge about farming, low consumer educaton in local products, lack of treaceability or climate
chache threats) was higher for the dairy systems whereas the threat ‘low consumer demand” was
higher for meat systems (Belanche et al., 2020). The consumption of lamb in Europe, particularly
in northern Europe, is beset by a poor image and high prices. Sheep is perceived to be traditional

30 Options Méditerranéennes, A, no. 125, 2021



meat that is difficult to cook and has a taste that's not to everyone likes (Ares, 2011). In particular
the consumption of lamb by young consumers is decreasing. Products such as leg of lamb or stew-
ing lamb have no appeal to single people or young couples, as they are often family-sized portions
and cuts that are complicated to prepare or need to be cooked for a long time. It is interesting to
note that when new products are introduced to the market that are specially aimed at young con-
sumers, such as ground lamb in the United Kingdom or mince lamb in Ireland, sales increase rap-
idly, which suggests low consumer demand can be addressed by offering new products.

The assessment of perception on how easy the different challenges are to be addressed showed
that on average none were scored as ‘easy’ or ‘very easy’. Out of the 30 challenges considered,
7 were perceived as ‘difficult’ or ‘very difficult’ (< 2) and these were (in order of difficulty): Volatile
commodity prices, Uncertain meat & milk prices, Climate change, Low income / Limited access to
capital, Market monopolised, Subsidy dependency and Fragmented sector. The degree of difficulty
to address a challenge or threat seems to be more inherent to the challenge than the type of pro-
duction system. As a result, the perception of the easiness to address the challenges was not sub-
stantially affected by the type of product and species whereas the production system, geograph-
ical region and sector seem to play a role in determining the difficulty to address those challenges.

The priority index (Table 3) was calculated to identify those challenges that had been scored as
relevant and not very difficult to address, so strategies can be developed to prioritize efforts towards
them. The index calculation ranged from 6.31 and 10.9. The 10 challenges that had the highest
scores (above 8.70) were (in ranking order): Low consumer education about products, Low pro-
motion of local breeds, Low social knowledge about farming, Poor business management train-
ing, Researchers not addressing real problems, Unfair trade, lack of traceability, Low profession-
alization, Slow adoption of innovations, Low adaptability of high producing breeds and Poor
recognition of farming public services. Half of the top 10 challenges were internal weaknesses and
the other half corresponded to external threats indicating that both farmers and external stake-
holders (mainly government, associations of producers) should take further actions to address the
current challenges of the small ruminal sector.

Table 3. Heatmap describing the priority indexes and the relevant actors required to address the main
challenges and threats in the small ruminant sector for the sustainability

Governmant  Farmars S cmmial O rare N ciullar
agsociations industry

INTERNAL CHALLENGES

Low promation of local breeds 27 27 23 2 1] 1 0
Poor business management training 29 25 25 12 5 2 2
Lack of professionalization 28 21 23 17 6 o ]
Slow adoption of innovations 21 27 26 19 & 1 1
Low adaptability of high productive breeds 15 24 24 34 2 (1] 0
Low competitiveness 16 24 16 7 18 7 14
Low integration of livestock and agriculture 32 21 15 2 3 1
High subsidy dependency 43 20 4 3 8 1
Low cooperation between farmers 7 40 1 1 o 1
No attractive to young farmers 28 30 B 5 6 r]
Low female involvement 31 28 7 1 3 o
Parasites and infectious diseases 15 22 29 0 1 ]
Sector fragmentation f Lack of integration 10 30 4 20 1 ¥
EXTERNAL CHALLENGES

Low consumer education in local products 7 2 10 14 10 ]
Low social knowledge about farming 12 23 17 6 15 7
Researchers not address real problems 19 20 33 5 2 2
Unfair trade / Lack of traceability 12 17 4 19 10 15
Poor recognition of public services of farming 20 13 11 3 15 2
Uncertainty in future changes in subsidies 18 14 10 3 6 1
Farmer role unrecognised by society 19 18 11 5 16 -]
EU policy without scientific evidence 2 16 3 o 1 [}
Environmental policy against intensification 13 18 17 6 1 1
Uncertainty of meat and milk prices 13 12 3 25 8 21
Low consumer demand 9 11 B 21 22 22
Low farm income / Difficult access to capital 16 15 7 13 6 10
Limited access to land 21 19 5 [} L] ]
Volatility of commoadity prices 13 9 1 27 8 14
(Wildlife conflicts 29 13 12 o 6 0
Market monopolised 12 13 2 20 6 ik
Climate change threats 20 15 25 9 2 2
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IV — Conclusions

The high heterogeneity in the small ruminant production systems across Europe is reflected in the
variability observed in the perception of relevance of the challenges and threats that face this sec-
tor. Based on the expert group’s surveys it was observed that the geographical region (Southern
vs Cental Europe) is one of the main drivers that determine the relevance and difficulties to address
the main challenges of the small ruminant sector. The type of product (meat vs dairy) and level of
intensification can also modulate the relevance of these challenges whereas the type of livestock
species (sheep vs goats) is much less relevant.

The use of the priority index as an indicator of the relevance and easiness to address the small
ruminant challenges identified the most immediate challenges to address.

It was clear that internal weaknesses need more action from the sector itself (farmers and asso-
ciations), while external threats require a strong involvement of Governments. Moreover, it was
noted that a combined action of government, farmers and associations of producers should take
place to address these challenges.
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Factors influencing sheep farmer attitudes
towards breeding tools across
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Abstract. One of the key challenges for the success of sheep breeding programmes is to achieve a wide farmer
engagement, which in many cases, especially in sheep breeds, is far from being fully reached. Understanding
farmer attitudes and its driving factors give key insights for designing extension activities aiming to increase
farmers’ uptake of breeding tools. However, farmer attitudes towards breeding tools have only been studied
in very few occasions. Here we investigated the attitude of Spanish and Greek sheep farmers towards breed-
ing tools and the main factors affecting it. A farmer survey that includes a scale to measure farmers’ attitudes
was designed. The survey included additional information on farm and farmer profiles. Data were analysed
using multivariate statistical methods. Two hundred fifteen farmers from Greece and Spain completed the
survey. We found large heterogeneity in farmers” attitudes not only across countries and breeds but also with-
in them. Although there were farmers with a clear positive attitude towards genetic and genomic breeding
(n=58) and farmers with a very positive attitude towards traditional selection (n=58), the majority had a bal-
anced attitude towards genetic and genomic breeding and traditional phenotypic selection (n=82). In both
counties, farmers of business-oriented intensive farms (contrary to family or family business farms) tended to
have the highest positive attitude towards genetic and genomic breeding compared to traditional selection.
This study indicates the need of tailoring extension programs to demonstrate farmers the usefulness of
genetic and genomic breeding tools to improve animal performance.

Keywords. Sheep genetic & genomic — Breeding tools — Farmer attitudes — Mediterranean — Local breeds.

Facteurs influengant les attitudes des éleveurs ovins vers des outils de sélection dans les races médi-
terranéennes

Résumé. L'un des défis principaux pour le succes des programmes d’amélioration ovine est de parvenir a un
fort engagement des éleveurs, ce qui bien souvent, en particulier pour les races ovines, est loin d’étre le cas.
La compréhension des attitudes des éleveurs et de leurs facteurs déterminants nous donnent une perception
fondamentale pour mettre au point des activités de vulgarisation visant a augmenter la maitrise des outils d’amé-
lioration par les éleveurs. Toutefois, les attitudes des éleveurs envers les outils d’amélioration n’ont été que
rarement étudiées. Ici nous examinons 'attitude des éleveurs espagnols et grecs concernant les outils d’amé-
lioration ainsi que les facteurs qui l'influencent. Une enquéte sur les éleveurs a été congue, incluant une échelle
pour mesurer leurs attitudes. L’enquéte comprenait une information additionnelle sur la ferme et les profils des
éleveurs. Les données ont été analysées en utilisant des méthodes statistiques multivariées. Un total de 215
éleveurs grecs et espagnols ont rempli 'enquéte. Nous avons trouvé une large hétérogénéité pour les attitudes
des éleveurs, non seulement entre pays et races mais aussi entre eux. Bien que certains éleveurs avaient une
attitude nettement positive concernant 'amélioration génétique et génomique (n=58) et certains autres trés po-
sitive concernant la sélection traditionnelle (n=58), la majorité montraient une attitude mitigée envers I'amé-
lioration génétique et génomique et la sélection phénotypique traditionnelle (n=82). Dans les deux pays, les
éleveurs possédant des exploitations intensives de type entreprise (contrairement aux exploitations familiales
ou exploitations de type entreprise mais familiales) tendaient a avoir I'attitude la plus positive concernant 'amé-
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lioration génétique et génomique en comparaison a la sélection traditionnelle. Cette étude indique le besoin
de concevoir sur mesure les programnes de vulgarisation pour montrer aux éleveurs I'utilité des outils d’amé-
lioration génétique et génomique afin d’augmenter les performances animales.

Mots-clés. Génétique et génomique ovine — Outils d’amélioration — Attitudes des éleveurs — Méditerranée —
races locales.

| — Introduction

The success of breeding programmes relies on farmers’ engagement. This may seem self-evident,
however in many cases, especially in sheep local breeds raised under extensive systems, farmer
use of breeding tools and participation in breeding programmes is usually far from optimum lev-
els. As a result, the genetic gain achieved within breeds is limited. Nevertheless, research in the
field of animal breeding has focused on the development of methods and techniques to evaluate
the genetic potential of animals ignoring the effect of social factors on farmer breeding decision-
making process. In recent years, farmers’ views about genetic improvement, their trait preferences,
and the link between these and implementation of breeding programmes are attracting the atten-
tion of academics. Understanding farmer attitudes and specifically the factors influencing them may
give key insights for designing extension activities aiming to increase farmers’ uptake of breeding
tools and participation in existing programmes. However, to our knowledge, farmer attitudes towards
breeding tools have scarcely been studied. The objective of our study was to explore the attitude
of Greek and Spanish sheep farmers towards breeding tools and to identify its main drivers.

Il — Methods

We designed a farmer survey that included a scale to measure farmers’ attitudes towards breed-
ing tools. The scale consisted of a set of attitudinal statements that allow for the determination of
farmer attitudes. Farmer denoted their level of agreement with these statements using a 6-item Lik-
ert scale (Likert, 1932). The survey requested additional data on farm size, farming system char-
acteristics, ownership structure, use of reproductive and breeding technologies, farmer age, edu-
cation and family profile. The set of statements that form the attitudinal scale were developed and
tested in a previous study implemented with more than 600 beef and sheep farmers of local and
international breeds in Australia, New Zealand and Spain (Martin-Collado et al., 2021). The latter
study used standard methodologies for the development of attitudinal scales (e.g. Dunlap et al.,
2000) and found two independent attitudinal dimensions; one related to farmer attitudes towards
traditional selection and another one toward genetic and genomic breeding. In the present study,
we used those two dimensions (“Att. toward traditional selection” and “Att. toward G&G breeding”)
to derive an attitudinal gradient variable (“Att. gradient Traditional-G&G”) as the subtraction of the
second to the first; therefore, the more positive the value of “Att. gradient Traditional-G&G” the more
positive the attitude toward traditional selection compared to genetic/ genomic breeding, and vice
versa. The relationship between the attitudinal statements included in the survey, the attitudinal di-
mensions and the attitudinal gradient are shown in Table 1. The survey was conducted in Greece
and Spain between the end of 2019 and the beginning of 2019. A total of 215 farmers were sur-
veyed; after quality check of data, 198 surveys were analysed; 86 in Greece and 112 in Spain cov-
ering seven (Assaf, n=7; Chios, 13; Crossbreed, 36; Frizarta, 3; Kefalonias, 1; Lacaune, 24; Lesvos,
2) and four (Assaf, 29; Churra, 11; Latxa, 32; Manchega, 40) breeds respectively. We grouped farm-
ers according to “Att. gradient Traditional-G&G” using k-means cluster analysis. Then, linear dis-
criminant analysis was used to explore how country, breed, farm and farmer profile relate to atti-
tudes based on its power to help discriminating among farmer attitudinal groups. The discriminating
power of the variables was evaluated by estimating probabilities of misclassification of farmers
among attitudinal groups (Lachenbruch et al., 1979).

34 Options Méditerranéennes, A, no. 125, 2021



Table 1. Correlation between attitudinal statements, attitudinal dimensions and attitudinal gradient
Att. toward Att. toward Att. gradient
Attitudinal statement traditional G &G Traditional
selection breeding G&G

Using breeding values to select rams/ewes improves
the performance of sheep better and faster -0.4 0.4 -0.4
than other ways of selecting

The use of genomic and DNA/gene information to select
rams/ewes will improve the performance of sheep better -0.2 0.8 -0.6
and faster than any other method

It is important that opportunities for selection of sheep

with genomic and DNA/gene information are fully utilized 0.2 08 0.6
It is important that opportunities for selection of sheep
with new genetic developments are fully utilized 0.2 07 0.6
The appearance of a ram/ewe is sufficient
for telling its performance 08 0.6 07
The appearance of progeny fully indicates

PP progeny Uy 0.8 -0.1 0.6

how good the ram/ewe is

Il — Results

The distribution of farmer attitudes towards traditional selection and genetic/genomic breeding was
very heterogeneous across and within breeds and countries (Fig. 1). The cluster analysis revealed
three groups of farmers according to their attitude: (i) “Pro-Traditional selection” farmers (n=58; av-
erage “Att. gradient Traditional-G&G"=1.76), (ii) “Balance Traditional-Genetic and Genomic” farm-
ers (82; -0.19), and (iii) “Pro-Genetic and Genomic breeding” farmers (58; -1.77).

We developed three discriminant models to distinguish among attitudinal groups (i) in both countries,
(i) in Greece, and (iii) in Spain. In addition, we also discriminate between “Pro-traditional selection”
and “Pro-Genetic and Genomic breeding” farmers ignoring observations from the intermediate group.
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Fig. 1. Distribution of farmers’ attitudes towards traditional selection (positive values) versus genetic/
genomic breeding (negative values) across breeds and countries.
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We found that in the analysis considering both countries (all data), the minimum misclassification
rate was 0.41. The latter indicates that 59% of farmers can be correctly assigned to their attitudinal
group. Such rate was achieved considering Breed, Production system (intensive, vs extensive/semi-
extensive) and Pedigree recording (whether farmers record pedigree or no) in the model. Discrim-
ination between just “Pro-Traditional selection” and “Pro-Genetic and Genomic breeding” farmer
groups was easier; there was a misclassification rate of 0.19 with a model including Breed, the Pro-
duction system and the Farm property regime (business, family business or family farm). In Greece,
farmer age influenced farmer attitudes; the best fitted model included Production system, Breed, Age,
and Performance recording data to produce a misclassification rate of 0.37. In Spain education level
was related to farmer attitude; the best model produced a misclassification rate of 0.36 including Pro-
duction system, Breed, Education level and Performance recording data. Table 2 shows the value
of the driving factors of farmer attitudes across farmer groups.

Table 2. Factors related to farmer attitudes towards breeding

Attitudinal farmer group

Farming system and farmer factors ??::::Zitional Traditional
selection G&G Pro-G&G
"Production system Intensive 22.4 28 56.9
Extensive/semi-extensive  77.6 72 431
"Farm property regime Business 0.0 6.1 17.2
Family business 34.5 41.5 50.0
Family farming 65.5 52.4 32.8
Pedigree recording (% of farmers) 34.5 50.0 84.5
Performace data recording (% of farmers) 46.6 56.1 91.4
1.2Education level (Spain) Basic 48.0 36.6 39.1
Intermediate 12.0 171 8.7
University 40.0 46.3 52.2
2Age (Greece) 442 +11.6 405+9.7 40.2+8.6

1 Perc. of farmers of each attitudinal group that falls in each category of production system, property regime
and education level.
2 Education level is on related to farmer attitudes in Spain and age only in Greece.

IV — Discussion

The present study shows that sheep farmer attitudes towards breeding tools are very heteroge-
neous. Three farmer groups were identified and all of them were present in both countries and in
all breeds; farmers that had a “pro-traditional selection” attitude, farmers that had a clear “pro-ge-
netic and genomic breeding” attitude and farmers who had a similar attitude towards both breed-
ing paradigms. The latter was the largest group representing those farmers who think both ap-
proaches help their selection decisions.

Overall, our results indicated farming system and business orientation, age and education level as
the major factors influencing farmers’ attitude towards genetic/genomic breeding tools. Farmers of
intensive business-oriented systems had a more positive attitude towards genetic and genomic
breeding. Farmers of this group usually collect information that is formally analysed and translated
into genetic and economic tools. On the other hand, farmers with an attitude pro-traditional selection
tend to record neither pedigree nor performance data, maybe reflecting that their decision mak-
ing is generally based on opinions not backed by formal data analysis. It should be noted however,
that under extensive farming conditions controlled mating and artificial insemination are challenging
making genetic/genomic selection difficult to implement (Mrode et al., 2018).
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We found that attitudes were influenced by education level and age. However, a different pattern
was revealed depending on the country. In Spain, the higher the farmer education level, the more
positive attitude towards genetic and genomic tools. In Greece age was a driver of farmer attitudes;
younger farmers were more positive towards genetic/genomic breeding. Such results are consis-
tent with findings from previous studies which showed age to be a key determinant of Greek farm-
ers’ attitude towards innovation (Andreopoulou et al., 2014, Kountios et al., 2018). Considering the
above, age and education could possibly be characterized as co-dependent drivers of farmers’ at-
titude. Certainly, the lack of access of older people to training programs about genetic/genomic
breeding tools should be taken into account. This insight could be used towards designing appro-
priate extension activities tailored to the specific needs of different farming systems and farmers.
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Préparation d’un fromage de chévre aromatisé
avec les huiles essentielles du romarin
(Rosmarinus officinalis L) et de I’'armoise blanche
(Artemisia herba-alba Asso) : profil sensoriel
et propriétés physico-chimiques
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Résumé. Dans un objectif de proposer aux unités féminines oasiennes de transformation du lait de chévre a
I'échelle des oasis un nouveau produit laitier, un fromage de chévre a été fabriqué par une coagulation enzyma-
tique. L'huile essentielle (HE) des deux especes (Artemisia herba-alba Asso et Rosmarinus officinalis L.), extraite
par une hydro-distillation, a été incorporée a raison de 0,06%o et 0,13%.. Cing catégories de fromage ont étés
obtenues : fromage non aromatisé (T), fromage aromatisé avec des doses respectives de 0,06%o et 0,13%o de
I'HE du romarin (R0,06 et R0,13) et de 'armoise blanche (AR0,06 et ARO,13). Le profil sensoriel et les proprié-
tés physico-chimiques de ces fromages ont étés évaluées. Les résultats montrent que I'aromatisation influence
significativement (P<0,05) sur les attributs sensoriels analysés : ‘apparence’, ‘flaveur’ et ‘intensité de I'ardbme’.
Ainsi, le profil sensoriel du fromage R0,13 a été le mieux apprécié, contrairement au fromage AR0,13. Sur le plan
physico-chimique, aucune différence significative (P>0,05) n'a été constatée pour la matiére grasse, le pH, les
minéraux et la teneur en acide lactique pour les cing catégories du fromage. Cependant, la couleur sur I'échelle
Hunter-Lab (parametres L* et b*) a été significativement influencée par le type du fromage. Ainsi, trois lots ont
étés identifiés : [fromage T, R0,06 et R0,13], [AR0,06] et [AR0,13]. En termes de conclusion, le fromage de ché-
vre a base de 'HE du romarin peut constituer une source de diversification des produits laitiers commercialisés
par les coopératives féminines de la zone oasienne du Sud-est marocain.

Mots-clés. Fromage — Oasis — Romarin — Armoise blanche — Physico-chimique — Sensoriel.

Flavored Moroccan goat cheese prepared with rosemary (Rosmarinus officinalis L.) and white worm-
wood (Artemisia herba-alba Asso) essential oils: Sensory profile and physicochemical properties

Abstract. With the objective of providing a new dairy product to oases women’s goat milk processing units, a goat
cheese has been produced by enzymatic coagulation. The essential oil (EO) of both species (Artemisia herba-
alba Asso and Rosmarinus officinalis L.), extracted by hydro-distillation, was incorporated at a rate of 0.06%o and
0.13%o. Five cheese categories were obtained: unflavoured cheese (T), flavored cheese with respective doses
of 0.06%. and 0.13%o of the EO of rosemary (R0.06 and R0.13) and white wormwood (AR0.06 and AR0.13). The
sensory profile and physicochemical properties of prepared cheeses were evaluated. The results demonstrate
that aromatization influences significantly (P<0.05) the analyzed sensory attributes: ‘appearance’, ‘flavour’ and
‘aroma intensity’. Thus, the sensory profile of “R0.13 cheese” was highly appreciated, contrarily to “AR0.13
cheese”. For the physico-chemical properties, no significant difference (P>0.05) was found for fat, pH, minerals
and lactic acid content for the five categories of cheese. However, the colour on the Hunter-Lab scale (L * and b
* parameters) was significantly influenced by cheese category. Thus, three batches were identified: [T — R0.06
— RO0.13], [AR0.06] and [AR0.13]. In conclusion, flavoured goat cheese with rosemary EO can be used as a new
dairy product marketed by women’s cooperatives in the oasis regions of southern-east of Morocco.

Keywords. Cheese — Oasis — Rosemary — Wormwood — Physico-chemical — Sensory.
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| — Introduction

Au Maroc, les coopératives féminines ne représentent qu’environ 14% du tissu coopératif natio-
nal. Ces coopératives concentrent leurs activités au développement économique (emploi et revenu)
de leurs terroirs a travers des activités génératrices de revenus tel que la valorisation des produits
locaux (MAES, 2017). A I'échelle des oasis, la femme occupe une place prépondérante dans le
fonctionnement des unités de production vu la migration des hommes dans les régions Nord du
Maroc ou a I'étranger. Ces unités féminines concentrent leurs activités dans la valorisation du lait
en fromage frais uniguement malgré I'excédent laitier qui s’oriente vers I'autoconsommation
(Noultfia et al., 2016). Dans ce sens et dans une perspective (i) de valoriser davantage les produits
locaux des oasis, dont principalement le lait de chévre et les plantes aromatiques et médicinales
(PAM), et (ii) de faire bénéficier davantage la femme rurale oasienne d’autres sources de revenus,
le présent travail propose de développer un nouveau produit laitier a base du lait de chévre et des
huiles essentielles des PAM autochtones des oasis.

Il — Matériel et méthodes

1. Fabrication du fromage

Le lait de la chévre Dréa (race caprine autochtone des oasis) a éteé utilisé pour la fabrication du
fromage a travers une coagulation enzymatique. Les échantillons du lait ont étés prélevés de la
station expérimentale d’Errachidia a raison de 8 litres par fabrication. L’huile essentielle (HE) des
espéces Artemisia herba-alba Asso et Rosmarinus officinalis L. a été extraite par une hydro-dis-
tillation au laboratoire et a été incorporée a raison de 0,06%o et 0,13%o.. Cing catégories de fromage
ont étés développées : fromage non aromatisé (T), fromage aromatisé avec 0,06%o. et 0,13%o0 de
I'HE du romarin : (R0,06) et (R0,13),fromage aromatisé avec 0,06%o et 0,13%o de 'HE de I'armoise
blanche : (AR0,06) et (AR0,13).

2. Evaluation du profil sensoriel

Pour cette analyse, sept panélistes semi entrainés ont évalués le profil sensoriel des fromages éla-
borés. Cette évaluation a été faite sur une échelle hédonique de 0 a 5 pour les attributs : flaveur,
intensité de I'arbme et apparence.

3. Analyses physico-chimiques

Ces analyses ont porté sur la détermination du pH, acidité Dornic, matiere grasse, cendres et cou-
leur sur I'échelle chromatique L* (Luminance), a* (Echelle de rouge) et b* (Echelle de jaune). Toutes
ces analyses ont été réalisées avec trois répétitions selon les normes internationales.

lll - Résultats et discussion

1. Evaluation des profils sensoriels des fromages aromatisés

Le profil sensoriel des différents fromages aromatisés est reporté dans la Table 1.

40 Options Méditerranéennes, A, no. 125, 2021



Table 1. Effet de I'aromatisation sur I’acceptabilité des fromages a base du lait de chévre

Fromage Apparence Sensation a la bouche Intensité aréme
Nature 4,26 ab 3,64 ab 2,092

R 0,06%o 4,252b 4,04 2b 3,36 ¢

R 0,13%o 4,372 4,172 3,81bc
AR 0,06%o 3,890 3,792b 3,96 d
AR 0,13%o 3,94 ab 3,48° 4,344

D’une maniére générale, 'aromatisation influence significativement (P<0,05) les trois attributs proposés
pour cette analyse sensorielle. Cependant, cette aromatisation ne semble pas affecter de la méme
maniére ces attributs. Par rapport au fromage non aromatisé, I'incorporation de 'HE du Romarin amé-
liore considérablement la flaveur du fromage contrairement a 'HE de I'armoise blanche. Le méme
constat peut étre généralisé pour l'attribut «apparence». L'intensité de 'ardbme a été beaucoup plus
prononcée pour le fromage ARO,13. Ainsi, le score obtenu pour cet attribut augmente avec la dose
de I'HE et en passant du romarin a I'armoise blanche. Comparativement a d’autres travaux, Josipo-
vi¢ et al., (2015) rapportent que la qualité sensorielle du fromage blanc est améliorée en incorporant
des herbes frais et séchés du romarin et du persil. De méme, l'incorporation de 'HE de I'origan amé-
liore la flaveur et I'ardbme d’'un fromage traditionnel de I'Argentine (Marcial et al., 2016). Il a été rap-
porté que 'apparence des fromages aromatisés est toujours liée a la brillance et a 'humidité de la sur-
face (Asensio et al., 2014). Ainsi, un faible score attribué a cet attribut (apparence) s’explique par des
deéfauts liés au dégagement des gouttelettes d’eau a la surface du fromage et a une brillance non ap-
préciée. Ceci permet de déduire que le fromage ARO0,06 est beaucoup plus susceptible a la généra-
tion de ce type de défauts, contrairement au fromage R0,13. Pour le contexte marocain, nos résul-
tats sont en désaccord avec les obtentions de Zantar et al. (2013) qui ont révélés une préférence des
dégustateurs du fromage non aromatisé par rapport aux fromages aromatiseés.

2. Composition physico-chimique des fromages

Les parametres physique et chimique des fromages aromatisés sont donnés dans la Table 2.

Table 2. Valeurs moyennes de quelques paramétres physico-chimiques des fromages aromatisés

Fromage pH Acidité (g/kg) MG (%) Cendres (%) L* a* b*
Nature 4,552 6,502 19,52 1,482 83,3 ab -0,79 @ 16,12ab
R 0,06%0 4,602 6,802 18,12 1,502 83,7 ab -0,762 15,7ab
R 0,13%o 4,582 6,572 17,92 1,422 84,320 -0,812 15,7ab
AR 0,06%0 4,592 6,232 19,12 1,632 85,32 -0,862 16,92
AR 0,13%0 4,622 6,432 19,02 1,432 83,0 -0,872 15,3

Le pH des cinq catégories de fromage varie (P>0,05) entre 4,55 et 4,62. Ce pH est comparable au
fromage frais aromatisé par les huiles essentielles, avec des doses de 0,5%o et 1%o, du Thym et d’Ori-
gan (Zantar et al., 2013 ; Zantar et al., 2014). Pour 'acidité, la teneur en acide lactique varie entre 6,23%o
pour le fromage aromatisé avec I’Armoise a 6,80%o pour le fromage aromatisé avec le Romarin. Par
rapport au témoin, le tableau 2 montre que I'aromatisation avec I’'HE du Romarin semble augmenter
Iégérement I'acidité (6,57-6,80%0) du fromage, contrairement a 'HE de I'’Armoise (6,23-6,43%o).

La fraction grasse (MG) et minérale (cendres) des fromages ne semblent pas étre influencée sta-
tistiquement (P>0,05) par I'incorporation des huiles essentielles. Cependant, cette aromatisation
semble diminuer la teneur en matiere grasse. Ainsi, des valeurs légerement inférieures a la MG
du témoin (19,5%) ont étés obtenues pour les fromages aromatisés. Ces observations peuvent té-
moigner d’'une douce lipolyse pour les fromages aromatisés. D’'une maniére générale, le profil en
MG concorde avec I'étude de Foda et al. (2010).
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Pour la couleur, sur I'échelle chromatique L*a*b*, il ressort que I'incorporation des huiles essen-
tielles influence significativement (P<0,05) sur les paramétres L* et b*. Le paramétre a* ne sem-
ble pas étre affecté par 'aromatisation. En plus, les valeurs maximales et minimales de L* et b*
ont étés observées pour les fromages (a base de I'’Armoise) AR0,06 et AR 0,13 respectivement.
En effet, le fromage aromatisé avec une concentration élevée en HE de cette espéce aura une cou-
leur moins blanche. La diminution de la valeur de L* est traduite par une variation de la couleur
entre ‘le blanc brillant’ et ‘le jaune terne’ (Ozsunar, 2010). Ce changement de couleur est le signe
d’une perte d’eau/déshydratation (Akbulut, 2007 ; Ozsunar, 2010). Des études montrent que I'in-
corporation des huiles essentielles dans le fromage permet d’augmenter sa capacité d’égouttage,
en donnant des gels plus compacts avec des teneurs en eau relativement faible par rapport au fro-
mage non aromatisé (Akarca et al., 2016). Ceci concorde avec les résultats de ce travail pour le
fromage aromatisé avec I'armoise blanche.

IV — Conclusions

En guise de conclusion, il ressort que I'aromatisation du fromage avec I'huile essentielle du romarin
avec une dose de 0,13%0 permet une amélioration notable de la perception du fromage de che-
vre de part sa flaveur et son apparence. Cette catégorie de fromage peut étre adoptée et com-
mercialisée par les coopératives féminines de la zone oasienne du Sud-est marocain dans une
perspective de diversifier leurs productions et améliorer leurs revenus.
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Dietary inclusion of whole pomegranate
by-product to improve oxidative
stability of lamb meat
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Abstract. This study evaluated the effect of dietary whole pomegranate by-product (WPB) on the oxidative
stability of lamb meat. Seventeen Comisana lambs were divided into two groups and fed for 36 days: a bar-
ley-corn based concentrate diet (CON) or the same concentrate as the CON diet containing 20% of WPB to
partially replace barley and corn (WPB). The dietary treatment did not affect the growth performance of lambs.
Colour descriptors and metmyoglobin percentages were measured on longissimus dorsi (LD) muscle over 7
days of refrigerated storage. Lipid oxidation (TBARS values) was measured over time of refrigerated storage
in raw and cooked muscle slices (7 days and 4 days, respectively). The dietary WPB increased the concen-
tration of o-Tocopherol in LD (P < 0.001). Colour stability descriptors (a*, b* and H*) were affected by storage
time, but not by dietary treatment. Metmyoglobin accumulated over time (P < 0.001), but WPB diet tended to
decrease the overall metmyoglobin percentages (P = 0.051). TBARS values increased with time of storage (P
< 0.001). WPB group showed lower TBARS values in cooked meat (P < 0.05). A significant interaction between
dietary treatment and storage time was found for the TBARS value in raw meat (P = 0.013), with lower values
found for WPB at 7 days of storage. The results highlight the positive effect of feeding lambs with WPB on
meat shelf-life and demonstrate, for the first time, the contribution of o-Tocopherol (vitamin E) to this effect.

Keywords. Lamb — Oxidative stability — Pomegranate — Meat.

Inclusion alimentaire du sous-produit de grenade entiére pour améliorer la stabilité a I'oxydation de
la viande d’agneau

Résumeé. Cette étude a évalué I'effet du sous-produit alimentaire de grenade entiere (WPB) sur la stabilité a
l'oxydation de la viande d’agneau. Dix-sept agneaux Comisana ont été divisés en deux groupes et nourris pen-
dant 36 jours: un régime concentré a base d’orge-mais (CON) ou le méme concentré contenant 20% de WPB
pour remplacer partiellement 'orge et le mais (WPB). Le traitement diététique n’a pas affecté les performances
de croissance. La couleur et les pourcentages de métmyoglobine ont été mesurés sur le muscle longissimus
dorsi (LD) pendant 7 jours de stockage au réfrigérateur. L'oxydation des lipides (TBARS) a été mesurée en
fonction du temps de stockage au réfrigérateur dans des tranches de muscle crues et cuites (7 jours et 4 jours,
respectivement). Le WPB alimentaire a augmenté la concentration d’a-tocophérol dans le LD (P <0,001). Les
descripteurs de stabilité de la couleur (a *, b * et H *) ont été affectés par la durée de conservation, mais non
par le traitement alimentaire. La métmyoglobine s’est accumulée au fil du temps (P <0,001), mais le régime
alimentaire du WPB avait tendance a diminuer les pourcentages globaux de la métmyoglobine (P = 0,051).
Les valeurs TBARS ont augmenté avec la durée de stockage (P <0,001). Le groupe WPB a montré des va-
leurs TBARS plus faibles dans la viande cuite (P <0,05). Une interaction significative entre le traitement dié-
tétique et la durée de conservation a été observée pour la valeur TBARS dans la viande crue (p = 0,013), les
valeurs les plus faibles ayant été trouvées pour la gale blanche a 7 jours de stockage. Les résultats mettent
en évidence l'effet positif de I'alimentation des agneaux avec du WPB sur la durée de conservation de la viande
et démontrent, pour la premiére fois, la contribution de I'o-tocophérol (vitamine E) a cet effet.

Mots-clés. Agneau — Stabilité a I'oxydation — Grenade — Viande.
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| — Introduction

The use of ecological leftovers, such as by-products from the agro-industry, for ruminant feeding
could generate several advantages in terms of sustainability, and it has also been demonstrated
that most of these biomasses improve important quality traits of meat when fed to animals (Salami
et al., 2019). This applies, for instance, to the wastes from the industrial production of pomegran-
ate juice, which has remarkably increased in recent years. Residual portions of the fruits (peels,
seeds and part of the arils) compose the “whole pomegranate by-product” (WPB), which is there-
fore rich in bioactive compounds among which polyphenols, other antioxidant compounds and
polyunsaturated fatty acids. We recently demonstrated that the partial replacement of cereals with
20% WPB in diets for lambs increased the content of desirable health promoting PUFA in meat (Na-
talello et al., 2019). Other authors reported positive effects of feeding different pomegranate by-
products to ruminants on meat oxidative stability and mainly attributed these effects to the polyphe-
nols (Emami et al., 2015a; 2015b). Nevertheless, pomegranate seed oil contains fat-soluble
antioxidants which could contribute to the antioxidant effects of WPB. Therefore, the objective of
this study was to assess the effects of dietary WPB on the oxidative stability of lamb meat, with a
focus on antioxidant compounds other than polyphenols.

Il — Materials and methods

1. Animals and diets

The experiment was conducted at the experimental farm of the University of Catania. Comisana male
lambs (n=17, 14.82 kg + 2 kg body weight) were individually housed indoors. After an 8-day adap-
tation to the experimental diets, lambs were fed ad libitum for 36 days: a pelleted barley/corn-based
diet (CON, n=8) or the same diet in which 200 g/kg DM of WPB partially replaced barley and corn
(WPB, n=9). The fresh WPB containing peels, seeds and residual aril pulp, was dried at 40°C. The
amount of offered and refused diet was recorded daily, while bodyweight was measured weekly.

2. Samplings and analyses

Lambs were slaughtered at a commercial abattoir according to the European guidelines. Each car-
cass was immediately weighted and stored at 4° C for 24 h. The longissimus dorsi muscle (LD) was
excised and one portion was immediately vacuum-packed and stored at! 80 °C for vitamin E analy-
sis, while the other was aged vacuum-packaged for 3 days at 4 °C and used for oxidative stability
measurements. Vitamin E (a-Tocopherol) in feedstuffs and muscle was analysed as described in
detail by Valenti et al. (2018), using an HPLC system equipped with a fluorescence detector. The
oxidative stability was monitored in raw and cooked LD slices using the storage conditions and analy-
ses detailed by Valenti et al. (2018). Briefly, three slices were cooked vacuum-packaged for 30 min
at 70°C in a water bath. One of these was used immediately for measurement of lipid oxidation (day
0), whereas the other two slices were placed in polystyrene trays, over-wrapped with PVC film and
stored at 4 °C for lipid oxidation analysed after 2 and 4 days. The other three slices were stored raw
in the same conditions as cooked meat for O (after 2 hours of blooming), 4 and 7 days. At the end
of respective storage time, colour was measured in duplicate on each raw meat slice by a Minolta
spectrophotometer. The colour descriptors L* (lightness), a* (redness), b* (yellowness), C* (satu-
ration) and H* (hue angle) were measured in the, while the reflectance spectra from 400 to 700 nm
wavelength were recorded for calculation of metmyoglobin (MMb, % of total myoglobin). For both
raw and cooked meat, lipid oxidation was measured as TBARS values (mg/kg of meat).

Data on muscle vitamin E concentration were analysed using a GLM model to test the effect of the
Diet (CON vs. WPB). Oxidative stability parameters were analysed using a GLM model to test the
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fixed effects of Diet, Time of storage (days 0, 4, 7 or 0, 2, 4) and Diet x Time interaction. The model
included the individual animals as random effect nested with the Diet. The Tukey’s test was used
for multiple comparisons.

Il — Results and discussion

For the same animals used in the present study, Natalello et al. (2019) reported no effect of the feed-
ing the WPB diet on the main performance parameters (daily bodyweight gain, carcass weight and
feed intake). Also, as commented above, the WPB treatment resulted in a higher concentration of
total polyunsaturated fatty acids (PUFA) in meat, with a specific effect on some individual health-
promoting compounds (Natalello et al., 2019). If a higher content of PUFA in meat is desirable from
a nutritional perspective, a possible drawback may be represented by the greater susceptibility of
PUFA to oxidation, which in turn reduces the resistance of meat to lipid oxidation and colour dete-
rioration. This applies to conditions in which PUFA increase in muscle without a concurrent greater
deposition of antioxidants, among which vitamin E plays a major role (Ponnampalam et al., 2014).
Nevertheless, in the present study, we found that the colour stability descriptors were not affected
by the dietary treatment, but were only subjected to the changes usually observed in meat over time
of storage or display (Table 1). Specifically, a* values decreased over the 7-day storage time indi-
cating the loss of redness, while increases in b* and H* reflected meat browning, consistently with
the increase in the percentage of metmyoglobin (MMb%) with time. Additionally, the WPB diet tended
to reduce the overall MMb% (lower oxidation of myoglobin) in meat, which suggests an antioxidant
effect of pomegranate by-product. However, the differences in MMb% were numerically minimal and,
probably, not sufficient to produce appreciable effects on the colour descriptors.

Table 1. Effect of the diet and time of storage on meat oxidate stability

Diet (D) Time of storage (T)’ P-values
CON WPB 0 1 2 SEM D T DxT
Colour descriptors and Metmyoglobin of raw meat
a* 11.6 11.6 12.22 11.62b 10.90 0.166 0.929 <0.00 10.181
b* 1.2 1.4 10.2b 11.92 11.92 0.194 0.663 <0.00 10.159
H* 441 443 39.6° 45.6b 47.52 0.494 0.620 <0.00 10.087

MMb %  47.6 46.0 39.5¢ 49.2b 51.32 0.762 0.051 <0.00 10.498
TBARS values in raw and cooked meat, mg/kg meat

Raw 0.95 0.56 0.25P 0.802 1.082 0.080 0.024 <0.00 10.013
Cooked  3.74 3.07 1.69¢ 3.60° 4.702 0.192 0.006 <0.00 10.266

Times 0, 1, 2 indicate respectively: days 0, 4, 7 (raw meat), or 0, 2, 4 (cooked meat).

The results of the present study clearly showed that feeding the WPB diet improved the resistance
of meat to lipid peroxidation, with lower TBARS values being found overall in meat from WPB-fed
lambs over storage duration in both raw and cooked meat (P < 0.05; Table 1). Also, the Diet x Time
interaction found for TBARS values of raw meat revealed a lower rate of lipid oxidation develop-
ment in meat from lambs fed the WPB diet, which brought to lower TBARS values after 7 days of
storage compared to CON (P < 0.05; Fig. 1a). These results are consistent with previous reports
demonstrating that feeding different pomegranate by-products to ruminants improved the antiox-
idant status and oxidative stability of meat (Kotsampasi et al., 2014; Emami et al., 2015a; 2015b).
However, the authors mainly attributed these effects to the occurrence of phenolic compounds in
pomegranate fruits and did not determine the content of vitamin E and other fat-soluble antioxidants
in feeds and muscle. Only Shabtay et al. (2008) reported greater content of vitamin E in the blood
of calves, but meat oxidative stability was not studied. In the present study, feeding the WPB diet
produced a greater deposition of a-tocopherol in muscle (Fig. 1b). This result can be explained to
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the greater content of this molecule in the WPB diet compared to CON (16.8 vs 7.8 mg/kg DM, re-
spectively; data not shown), which was likely due to the occurrence of vitamin E in pomegranate
seeds. Therefore, the higher concentration of vitamin E in meat from the WPB-fed lambs may have
at least partially increased the oxidative stability of meat compared to CON.
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Fig. 1. Lipid oxidation (a) and a-tocopherol content (b) in raw meat.

IV — Conclusions

The results of this study demonstrated that replacing conventional feedstuffs with whole pome-
granate by-product in diets for lambs allows improving meat quality traits without compromising pro-
ductive performances. Specifically, here we found that meat from lambs fed the WPB diet was more
resistant to oxidation, despite the greater content of PUFA previously reported. Also, our results
suggest, for the first time, that a-tocopherol contributes to the antioxidant capacity of meat from
animals fed pomegranate by-product.
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Abstract. Small breeders in Egypt raise locally adapted sheep and goats breeds, which have the ability to
produce and reproduce under the prevailing harsh conditions. Improving resilience of their production system
is a major challenge to support socioeconomic development. However, little is known about the productive
abilities of these breeds in small farming systems. The present work is an attempt to assess the performance
of local breeds in small farming systems, and their capacity to cope with feed scarcity and harsh climatic con-
ditions. In 2018, a retrospective survey was conducted over 12 month period to assess demographic rates of
25 local Barki sheep and goat flocks in the rain-fed area of Coastal Zone of Western Desert (CZWD) and 28
local Saidi sheep and goat flocks under the hot intensive agriculture system in Upper Egypt (UE). Flocks are
larger, reproductive performance and offtake rates are higher (and mortality lower) in the CZWD, a region
specialized in small ruminant breeding whereas it remains a secondary activity in Upper Egypt. The market-
ing season is mainly during Korban Eid festival. Their main challenges are frequent incidence of drought in
the CZWD and high prices of feed stuffs in both sites. Our study suggests breeders have different strategies
in UE and the CZWD when confronted with feed shortage. Breeders in the CZWD purchase feed to maintain
high herd productivity whereas in UE small ruminant breeding is a minor activity with less productive animals
that are resilient to feed shortage.

Keywords. Local breed — Barki — Saidi-Egypt — Performance.

Performance démographique des races locales ovines et caprines dans deux zones agro-écologiques
de I'Egypte

Résumeé. Les races locales de petits ruminants élevées en Egypte sont reconnues pour leur la capacité a de-
meurer productives malgré des conditions climatiques extrémes. L'amélioration de la résilience des systéemes
d’élevage est un défi majeur pour le développement socioéconomique. Cependant, les performances démo-
graphiques de ces races n'ont a ce jour pas été caractérisées en conditions réelles. Ce travail présente les
premiers résultats d’une étude sur les performances de ces races dans deux régions d’élevage contrastées
en Egypte. En 2018, des enquétes démographiques rétrospectives sur les 12 derniers mois ont été effectuées
sur 25 troupeaux de moutons et chevres Barki dans la zone pastorale cétieres et sur 28 troupeaux de mou-
tons et de chéevres Saidi le long de la vallée du Nil en Haute Egypte, une région historique d’agriculture intensive.
La fertilité et les taux d’exploitations sont plus élevés en zone pastorale (et la mortalité moindre) vraisembla-
blement en raison de la spécialisation de cette région dans I'élevage alors qu'il s’agit d’une activité secondaire
en Haute Egypte. Le gros des ventes se déroule pendant les fétes religieuses de Korban Eid. Les principaux
défis sont la récurrence des sécheresses dans la zone pastorale et les colits élevés des aliments dans les deux
sites. Nos résultats suggerent une stratégie différente des éleveurs confrontés au manque de fourrage. Dans
la zone pastorale cétiere, les éleveurs maintiennent la productivité du troupeau en achetant de I'aliment tan-
dis qu’en Haute Egypte I'élevage de petits ruminants est une activité mineure avec des animaux moins pro-
ductifs mais résilient au manque de fourrage.

Mots-clés. Races locales — Barki — Saidi, Egypte — Performance.
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| — Introduction

Small breeders in Egypt raise locally adapted sheep and goats breeds under intensive or extensive
systems in different agro-ecological zones. The breeds have the ability to produce and reproduce
under the prevailing harsh conditions. They play an important socio economic role by constituting
a capital that can serve as a source of food or cash in times of need (e.g. dowry in marriages, so-
cial events...). Sheep and goats are raised mainly for meat production, with coarse wool and goat
milk as secondary products. Breeders face numerous challenges such as human demographic
growth, increasing demand on animal products, competition for land, climate stress and market
price fluctuations. There is little information about the productive capability and dynamics of these
breeds in small holder farming systems.

The identification of animals and the routine collection of animal data are rare in Egypt for small
farmers. In the absence of written records, retrospective surveys provide a quick diagnostic tool
to determine the demographic characteristics of flocks. The present work is an attempt to assess
the annual performance of these local breeds, their capacity to cope with feed scarcity and harsh
environmental conditions, in the two agro-ecological zones for the period of 2017-2018.

In Egypt, two of the main small ruminant production systems are the Upper Egypt (UE) intensive
agriculture system and extensive Coastal Zone of Western Desert (CZWD) pastoral system. In Up-
per Egypt, the intensive cultivation of winter and summer crops is concentrated in a narrow strip
of irrigated land along the Nile River that produces economic crops as well as feed for animals.
The agriculture production system is intensive on small areas of land of around 1 feddan (=1 acre)
with1-2 large ruminants and 1-5 small ruminants for each household. Local breeds adapted to ex-
treme temperatures are Saidi sheep and goats.

In the Coastal Zone of Western Desert, the Bedouins mostly rely on raising sheep, goats and ca-
mels; they also cultivate barley and grow olive and figs trees. Extensive livestock breeding depends
on rain fed natural pastures. Local breeds are Barki sheep and goats, which have the ability to move
over rough terrain to feed on sparse desert vegetation. Sheep flock size ranges from 15 heads to
more than a thousand animals and goat herds between 5 and 200 animals. The mixed sheep and
goat flocks use the available rangelands during winter and early spring, however the contribution
of natural pastures to the feed requirements of the animals has been decreasing over the last
decades due to successive years of drought.

Il — Materials and methods

1. Study areas

Matrouh belongs to the Coastal Zone of Western Desert which extends from Alexandria to the
Libyan border. It is characterized by an arid Mediterranean climate with annual rainfall below 150
mm between mid-October and mid-March. Temperatures range from maximum 36°C in July to min-
imum 6°C in January.

Assiut is located in Upper Egypt along the Nile River. The weather is hot with maximum temper-
ature over 40°C and minimum 3°C; annual rainfall is negligible.

2. Retrospective demographic survey

The 12MO method (Lesnoff ef al., 2010) consists in categorizing all the animals in a herd by age
and sex and listing the demographic events (births, natural deaths, slaughtering, loans, pur-
chases, etc.) that occurred over the last twelve months. We conducted 12MO surveys between Sep-
tember 15t and 20" 2018 in Matrouh just after EI-Eid festivities and from November 14t to 17t
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2018 in Assiut just after berseem clover was sown. Memorable dates were chosen to ensure the
breeder accurately recorded events over the last 12 months. Fifty-two breeders were surveyed (25
Matrouh + 27 Assiut) amounting to 1371 heads (753 Barki + 618 Saidi) of sheep. For goats, the
total number of breeders was 30 (11 Matrouh + 19 Assiut) amounting to 308 heads (141 Barki +
167 Saidi). The size of studied flocks in Matrouh ranged between 15 to 45 heads of sheep and 5
to 22 goats, whereas in Assiut it ranged between 5 and 15 sheep and 3 to 10 goats.

In the absence of longitudinal surveys, 12MO approach provides demographic rates with only one
visit per flock and can be applied to all farming systems. It is a quick and efficient method to esti-
mate herd performance. The main limitations are possible biases in demographic rates when the
breeder forgets to mention births, deaths or sales. The survey only considers the past 12 months
and cannot account for fluctuations in demographic rates between years. To limit investigative bias,
we hypothesized that large flocks had similar demographic performance to medium sized flocks,
we sampled flocks with less than 60 reproductive females and always conducted interviews in pres-
ence of the animals and the shepherd or breeder in charge of rearing them.

3. Estimation of demographic parameters
Demographic parameters (parturition, abortion, off-take and mortality) are presented as instanta-
neous hazard rate (h) (Lesnoff et al 2010); h can be calculated for each category of animals as:

h=— (eq. 1)

Where mis the number of events (e.g. number of deaths) that have occurred in the last 12 months,
and T is the total ‘time at risk’ (time spent by animals for a given category in the herd over the last
12 months). Hazard rates were calculated separately by site, species, sex and age class (young
< 1 year, adult > 1 year). Hazard rates were estimated using the 12MO package (http://livtools.
cirad.fr/12mo) in R version 3.5.3.

Il — Results

Parturition rate of both sheep and goats was higher in Matrouh than in Assiut. For both species,
offtake rates were higher and mortality rates lower in Matrouh than Assiut, with the exception of
adult males because breeders keep very few reproductive males.

Table 1. Parturition and abortion hazard rates

Parturition Abortion
Species Site n. adult females n. event htse n. event htse
Goats Assiut 89 72 0.82+0.09 6 0.07+0.007
Matrouh 101 93 0.95+0.09 6 0.06+0.006
Sheep Assiut 408 308 0.76+0.04 12 0.03+0.001
Matrouh 572 540 0.98+0.04 22 0.04+0.002

The off take rate for young (< 1 year) Barki males and females (2.82 and 1.78, respectively) in Ma-
trouh was high when compared to the same age class of Saidi sheep in Assiut (1.97 and 0.83, re-
spectively). The same could be found for goats, as the off-take rates for young Barki males (2.75)
and females (1.8) were higher than off-take rates of young Saidi males (0.75) and females (0.70).
In Assiut, there were high mortality rates for young sheep and goats for both males and females
when compared to the mortality rates of young sheep and goats in Matrouh. The mortality rates
for adult sheep and goats in both sites were low (Table 2).
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Table 2. Offtake and mortality hazard rates

Offtake Mortality
Species  Site Sex! Age class? n.animals N.event hise N. event htse
Goats Assiut F A 89 13 0.14+0.04 1 0.01+0.01
F Y 25 17 0.70+0.17 24 0.99+0.20
M A 14 8 0.51£0.18 0 -
M Y 39 23 0.75+0.16 13 0.42+0.12
Matrouh  F A 101 8 0.08+0.03 3 0.03+0.02
F Y 21 49 1.8#0.26 3 0.11+0.06
M A 4 0 - 0 -
M Y 15 79 2.75+0.31 6 0.21+0.09
Sheep Assiut F A 408 34 0.08+0.01 24 0.06+0.01
F Y 119 79 0.83+0.09 43 0.45+0.07
M A 33 24 0.64+0.13 1 0.03+0.03
M Y 58 168 1.97+0.15 40 0.47+0.07
Matrouh  F A 572 89 0.15£0.02 33 0.06+0.01
F Y 104 262 1.78+0.11 33 0.22+0.04
M A 34 5 0.16+£0.07 0 -
M Y 43 361 2.82+0.15 51 0.39+0.06

1Sex: F: Female, M: Male, 2Age class: A: Adult (>1 year), Y: Young (<1 year).

Il — Discussion

In Matrouh, most Barki ewes give birth twice per year and this is in accordance with previous stud-
ies by Galal et al (2005). Bedouin breeders inherit their flock from their ancestors and have great
experience of rearing animals in harsh desert conditions. They are specialized in small ruminant
breeding which is their main source of income. Keeping high parturition rates is paramount to main-
tain their revenue, leading breeders to supplement females during the years of drought for them
to produce offspring more than once per year. Lower parturition rates in Assiut may result from the
lower importance of small ruminants in Upper Egypt. Farmers with land mainly rely on cultivating
their land throughout the year by using irrigation from the Nile, and landless farmers struggle to
provide feed for their flock (Alary et al., 2015). Saidi sheep and goats are less valued than large
ruminants and only have access to left over crop residues and smaller amounts of concentrates.
As a result, lack of feed may partly explain the differences in parturition rates between Assiut and
Matrouh. In addition, Barki breeds may have been selected to be inherently more prolific than Saidi
that are kept in smaller herds and for which less attention is given to reproductive performance but
resilience to feed shortage is paramount.

Young lambs and kids (<1 year) have the highest mortality rate in both sites and both sexes. This
may be due to lack of feed, lack of veterinary care, harsh climatic conditions and transboundary
diseases in Matrouh. Galal et al (2005) reported mortality rate of Barki lambs from birth till 4 months
was 6.3 % to 16.6%. The mortality rate of young animals in Assiut was higher than Matrouh and
this also may be due to non-specialized management in a mixed production system.

Selling and slaughtering rates were very high for young lambs for males and females in both sites.
Selling young animals is necessary for breeders to purchase feedstuffs to feed their flock and vet-
erinary medicine to maintain a core breeding herd of reproductive females. In Matrouh, there is also
high market demand on young lambs, as it is preferable for the consumer because lambs have a
lean carcass. There was a high selling rate for young males and females compared to Assiut.
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High levels of offtake observed in both sites may reflect a drought coping strategy by reducing flock
size without affecting reproductive outputs. Alary et al (2014) indicated that the breeders in Matrouh
usually sell sheep and goats to face drought to maintain their reproductive animals and to cover their
family needs. However, this hypothesis remains to be confirmed by comparing the rates measured
in 2018 (a particularly dry year in the CWDZ) with years of higher rainfall and pasture productivity.

IV — Conclusions

The last twelve month method is used to roughly evaluate animal performance in small to medium
flocks. However, estimated parameters should be interpreted with caution. The two studied agro-
ecological zones showed similar parameters for mortality and selling rates for both sheep and goats.
Only the parturition rate was higher in Barki compared to Saidi. Our study suggests breeders have
different strategies in Assiut and Matrouh when confronted to feed shortage. In Matrouh, family liveli-
hoods depend on small ruminant breeding (especially sheep) particularly during droughts due to
lack of revenue from other agricultural activities (barley, olives and figs). Breeders purchase feed
to maintain high productivity and sell the lambs and kids to buy food for people and feed for ani-
mals. In Assiut, irrigated agriculture provides the main livelihood, and small ruminants are sec-
ondary. They feed on left over crop residues and concentrates, Saidi breeds are less productive
but may be more resilient to feed shortage. Further experimental work is needed to compare Saidi
and Barki breeds under similar climatic conditions and feed rations to disentangle environmental
and genetic contributions to animal performance.
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Abstract. The study was conducted at the farm of Saouaf belonging to the Office de I'Elevage et de Paturage
(OEP). Five sheep flocks are hosted at the farm represent two local breeds namely Barbarine or fat tailed,
structured in four flocks (2 representing the black head and other 2 representing the white head types), and
West thin tailed structured in one flock. The main objective of the present study was to highlight management
options of the flocks, reproduction parameters and strategies of amelioration followed by OEP. All parame-
ters of reproduction (fertility, prolificacy, fecundity, etc) were low especially for Barbarine breed. Productivity
(weaned lambs/mated ewes) for both breeds was low (<100%). Artificial insemination application was tra-
duced by an increase of prolificacy and other parameters. Results of the present study suggest that techni-
cal training of shepherds is the success key of breeding in the farms of Saouaf. Other factors such as selec-
tion of breeding rams either towards natural mating or for artificial insemination could be a useful tool to
enhance productivity in both breeds.

Keywords. Sheep — Reproduction — Growth-performances — Barbarine.

Systémes de production ovine et option de son management sous des conditions de semi-aride: cas
de Saouaf

Résumeé. Cette étude a été menée dans la ferme de Saouaf qui appartient a I'Office de I'Elevage et de Patu-
rage (OEP). Le suivi de la ligne de conduite, les parameétres de reproduction et le calendrier fourrager ont été
portées sur cinq troupeaux (Barbarine et Queue fine de I'Ouest) et ce depuis 2011/12 jusqu’a 2016/17. Les
résultats de parametres zootechniques sont considérés faibles et ne répondent pas aux normes. La formation
technique des bergers pour le suivi correcte du troupeau est nécessaire afin d’améliorer la productivité du trou-
peau. D’autres tentatives d’amélioration telles que le recours a I'insémination artificielle et la création d’un cen-
tre d’élevage bélier semblent étre une voie prometteuses pour améliorer la productivité du troupeau.

Mots-clés. Ovin — Reproduction — Performances de croissance — Barbarine.

| — Introduction

In Tunisia, sheep breeding sector is characterized by large variety and repartition in the different
parts of the country. Animals of local breeds (Barbarine, West thin tailed and black of Thibar) are
raised mainly (95%) for meat production, and to a small extent (5%) for milk production (Sicilo
Sarde). In 2017 the national inventory was registering about 7 million heads, from which 3.737.000
were breeding females (OEP, 2017), and raised by 274.000 breeders. Sheep breeding is mainly
located in the country’s northern (41%) and the central regions (42%). Nowadays, sheep contribute
to 42% of the total national red meat production (120.000 tones/year), while cattle contribute equally
(43%). The main objective of the present study was to investigate mating management options and
the evolution of animal performance (reproduction parameters and average daily gains, ADG) of
lambs in the farm of Saouaf during six consecutive years.
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Il — Material and methods

The farm belongs to Office d’Elevage et des Paturages (OEP), located in Saouaf region (government
of Zaghouan) in the south of Dorsal Tunisian chain mountains. It covers 1523 ha from which 639 ha
are cultivated rangelands (acacia, spinless cactus, atriplex, etc.) and 182 ha natural rangelands. It
is a semi arid region (precipitation varied between 200-400 mm/year). Livestock production is based
on sheep and goats breeding. The total sheep inventory is estimated to 1044 heads in 2017, subdi-
vided in 5 flocks composed of two local breeds: four flocks are Barbarine (50% black head and 50%
white head) called also the fat tailed, and one flock is of West thin tailed breed. Goats, a cross-breed-
ing between Boer and Damask breeds, are regrouped in one flock composed by 224 breeding fe-
males. Based on reported data on lambing (Table 1), reproduction parameters (fertility, fecundity, pro-
lificacy, productivity, etc) were calculated on six consecutive years (2011/2012-2016/2017) as follow:

— Fertility rate = (lambing ewes/matted ewes)*100;

— Prolificacy rate = (born lambs/lambing ewes)*100;

— Fecundity rate = (born lambs/mated ewes)*100;

— Lamb mortality = mortality in lambs/born lambs;

— Adult mortality = (mortality in ewes/mated ewes)*100;
— Productivity rate = (weaned lambs/mated ewes)*100

Table 1. Data reported on lambing in Saouaf farm during the study years

Items 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17
Mated ewes 1319 1167 1027 1046 1002 1044
Lambing ewes 1054 971 893 901 822 807
Born lambs 1100 1011 1066 982 953 929
Mortality in lambs 70 32 51 30 31 53
Mortality in ewes 120 78 58 75 37 93

Lambs were individually weighed at two periods and average daily gain (ADG) was calculated, at
10-30 days (ADG,_3,) and at 30-70 days (ADG 5, ,,). Growth data were also used for selection
purposes.

Il — Results and discussion

1. General overview on flock size and land occupation of the farm

Data on the evolution of the total inventory of sheep in Saouaf farm is presented in Table 2. A con-
tinuous decrease was recorded in the course of the study, estimated at about 21%, which was more
pronounced for the Barbarine breed. This trend was against the strategic aim of the farm to increase
flock size through buying the parts of the shepherds, after a structured selection process. This de-
crease is attributed to the prolonged drought period that was recorded for four consecutive years
(2012-2016) and resulted in a sharp decline in forage production, recorded at national level dur-
ing this period (OEP, 2017).

Table 2. Evolution of the sheep inventory in farm Saouaf during the study years

Breeds 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17
Barbarine 1122 980 859 858 813 841
West fine tailed 197 187 168 188 189 203
Total 1319 1167 1027 1046 1002 1044
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Cereal and forage production is a second activity highly developed in the farm Saouaf. Data on
the average forage cultivated area and yield production in the farm is presented in Table 3.

The largest area is occupied by oat for hay (200 ha), which is a common forage in this country. In
our farms, oat hay constitutes a basal diet for animals all year round (Table 3). The average yield
is at about 40 t (fresh material/ha, which is considered in the norms, but hay has a low nutritional
value (0.4 UF/kg DM) (Ammar, unpublished data).

Table 3. Forage and cereal grain annual production in the farm of Saouaf

Barley (grains) Oat (grains) Medic (seeds) Oat hay Barley forage

Area (ha) 100 100 180 200 150
Yield (/ha) 15 Qt 15 Qt 1Qt 40 t/ha 15 t/ha

Grain production of both oat and barley is also an important activity for the farm, each of them oc-
cupying an area of 100 ha. These crops are grazed in spring and harvested for grain at maturity,
which appears to be a common practice in Tunisia in order to meet the early spring feed deficit in
integrated crop—livestock production systems as reported by Keles et al. (2013). Kelman and Dove
(2009) reported greater economic returns for dual-purpose wheat and oat crops compared with a
grain-only option, particularly in dry seasons. The use of grazed cereal crops as a basic tool for
reducing grazing pressure on rangeland has also been recommended for the Mediterranean basin
(Tolu et al., 2012). In order to reduce the gap of conventional forage production in the farm, about
42% of the total area was designed for shrub plantation such as acacia, spineless cactus, Med-
icago arborea, atriplex, etc. These shrub species are expected to cover nutritional requirements
of sheep and goats at critical periods of the year (Table 4), together with grazing on harvest residues
of hay or grains of cereals in spring and summer, respectively. Despite the diversity of feeding re-
sources, there is increase in using concentrates, which represents a economic burden since its
components, (maize, soybean and barley), are not local products and should be imported yearly.

Table 4. Forage calendar followed in the farm of Saouaf

Items Sep Oct Nov Dec Jan Feb Mar Apr Mai Jun Jly Aug

Spineless cactus

Atriplex

Acacia

Med. arborea —
Medique —
Green barley —

Hay residues

cereal residues

Hay

2. Mating management

In farm Saouaf, males and females are entering reproduction at 18" months of age and retire at
6-7 years. Mating is organized during Spring (15 May-15 July) to line up maximum feed require-
ments with the annual peak of range production, so lambing occurs in the autumn (October-De-
cember). According to their body condition score males and females receive an energy supplement
(flushing) consisting of 400-500 g of concentrate/barley, one or two months before mating and dur-
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ing the whole mating season. Males generally receive oat grains in order to enhance their repro-
ductive capacities. Therefore, based on the forage calendar (Table 3), it appears that nutritional
requirements of animals are covered in that period. Likewise, one month before lambing (August),
females receive concentrate at about 400-500 g/d as supplement to cover their energy require-
ments. Even though, fertility, fecundity and prolificacy rates (Table 5) were considered low, partic-
ularly for fat tailed breed, and did not correspond to the norms (fertility < 90%); however mortality
of lambs mainly during the 15t day after lambing is high (>5%). It is pertinent to mention that all re-
production parameters were calculated including both breeds (fat tailed and thin tailed). Herein one
should bear in mind that normally for the fat tailed breed during mating, assistance of the shep-
herd is indispensable in order to lift the female tail and assist the coitus for the male. However, shep-
herds for the five flocks of the farm are not competent due to the lack of experience and techni-
cality. Moreover contracted shepherds are too old and young people are not interested as there
is no juridical text that ensures their rights. Generally in Tunisia shepherds are not paid in money,
but they receive a percentage (10%) on the weaned lambs production. Another issue is that the
size of flock is considered too high (>200 heads) for an old shepherd, thus he cannot control all
the flock at the same time. On the other hand and in order to increase the size of its own flock (10%
of weaned lambs) and its profitability, shepherd buy other weaned lambs from non controlled flocks
that could introduce a disease in the original flock. This practice could partly justify the high mor-
tality for both young and adult animals (Table 5) that exceed the norms (>5%). The high mortality
of lambs could be due also to the fact that lambing occurs in short period (October-December) and
shepherd who maintains large flock cannot control the lambings at the same time and often the
lambs die in the first days post lambing, due to mainly the lack of colostrum consumption. Birth
weight of lambs is ranging between 3.2 and 3.5 kg, depending on the litter size and sex. Lambs
receive an energy supplement at one month of age (100 g/d) till end February (300g/d) and are
generally weaned at 6 month age (20 kg liveweight on average). Average weight productivity un-
der these conditions is ranging at about 15.5 and 16.5 kg lamb/ewe. This is considered low and
attributed to high mortality rate and low fertility. During the whole period of study ADG10-30 aver-
aged between 270-280 g/d and ADG 30-70 between 200-250 g/d. These were in accordance to
the growth performance of local breeds under semi-arid conditions (OEP, 2017). In order to improve
reproduction parameters, two tools were adopted by OEP. The 15t consists of the use of artificial
insemination that was applied lately (2016) for 182 fat tailed breed females and resulted in 54%
lambing ewes and 126% prolificacy rate. The 2" consists of the creation of a rams selection cen-
ter that aims to distribute the better males for mating purposes. Actually the number of selected
males is continuously increasing, being 192 in 2011 and 456 in 2016.

Table 5. Reproduction performance parameters (%) of sheep flocks in Saouaf farm (different breeds are
included) during the six consecutive years (2011/2012 — 2016/2017)

Items (%) 201112 2012/13 201314 2014/15 2015/16 2016/17
Fertility 79.9 83.2 87.0 86.1 82.0 77.3
Fecundity 83.4 86.6 103.8 93.9 95.1 89.0
Prolificacy 104.4 104.1 119.4 109.0 115.9 115.1
Lamb mortality 6.4 3.2 4.8 3.1 3.3 5.7
Adult mortality 9.1 6.7 5.6 7.2 3.7 8.9
Productivity 78.1 83.9 98.8 91.0 92.0 83.9

56 Options Méditerranéennes, A, no. 125, 2021



IV — Conclusions

Results of this present study revealed that, although nutritional requirements of the animals seem
to be covered at different critical periods of the year, reproduction performance is considered poor.
This should be due to, mainly, the lack of experience of shepherds. Different strategies were fol-
lowed by OEP in order to enhance productivity of the sheep. Others strategies should be followed
for the sustainability of livestock production under semi-arid conditions.
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Using eye tracking as an aid to pre-test choice
experiments: an application to an online
DCE on small ruminants’ meat

E. Cubero Dudinskaya, S. Naspetti and R. Zanoli

Universita Politecnica delle Marche, Via Brecce Bianche 12, 60131 Ancona (ltaly)

Abstract. The decrease in small ruminant's meat consumption in Europe during the last decades has been
accentuated by consumers perception of small ruminant’s meat as a traditional product, difficult to cook and
with high prices. Additionally, the wide range of products and labels in the market, has forced consumer to
rely on larger set of products’ characteristics. However, given the limited capacity of the brain, not all this
information can be processed. Our main objective is to understand which attributes consumers are interest-
ed in when selecting lamb/sheep meat. Through a Discrete Choice Experiment (DCE) using eye-tracking, we
compared the stated preferences of the respondents in the DCE, the self-reported statements on non-atten-
dance and their visual attention to each attribute and levels. We estimated a multinomial logit model (MNL)
in R, that was used to design a final DCE. The data was collected in seven European countries (Finland,
France, Greece, ltaly, Spain, Turkey and United Kingdom) and analysed through MNL. Results show differ-
ences between the preferred attributes in each country. Only the price attribute was significant for all coun-
tries. We also found differences between the respondents self-reported statements and their visual attention.

Keywords. DCE — Eye tracking — Small ruminants’ meat — MNL — Labels.

Utilisation de I'oculométrie comme outil d’essai préliminaire d’une enquéte de choice experiment:
application a une enquéte en ligne sur la viande de petits ruminants

Résumé. La diminution de la consommation de viande de petit ruminant en Europe au cours des derniéres
décennies a été accentuée par la perception par les consommateurs de la viande de petit ruminant en tant que
produit traditionnel, difficile a cuisiner et a prix élevé. En outre, la vaste gamme de produits et d’étiquettes sur
le marché a obligé les consommateurs a s’appuyer sur un ensemble plus large de caractéristiques. Cepen-
dant, compte tenu de la capacité limitée du cerveau, toutes ces informations ne peuvent pas étre traitées. No-
tre objectif principal est de comprendre les attributs qui intéressent les consommateurs lors de la sélection de
la viande d’agneau/de brebis. Dans le cadre d’une expérience de choix discret (DCE) utilisant 'oculométrie (eye-
tracking), nous avons comparé les préférences déclarées des répondants dans DCE, les déclarations auto-
déclarées sur la non-participation et leur attention visuelle a chaque attribut et niveau. Nous avons estimé un
modeéle logit multinomial (MNL) en R, utilisé pour concevoir un DCE final. Les données ont été collectées dans
sept pays européens (Finlande, France, Grece, Italie, Espagne, Turquie et Royaume-Uni) et analysées via une
MNL. Les résultats montrent des différences entre les attributs préférés dans chaque pays. Seul I'attribut de
prix était significatif pour tous les pays. Nous avons également constaté des différences entre les préférences
exprimées par les répondants et leur attention visuelle.

Mots-clés. DCE — Eye tracking — Viande de petits ruminants — MNL — Etiquettes.

| — Introduction

In the last decades, small ruminant’s meat consumption in Europe has stagnated (European Com-
mission, 2018). The perception of a traditional product with high prices, difficult to cook and with
specific taste, has driven consumers away. Especially young consumers, as the meat often is sold
in family-sized portions; but, when new products were introduced for them, the sales increased (Pol-
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icy Department: Structural and Cohesion Policies — European Parliment, 2008), which shows the
potential of a market that has been underdeveloped.

Consumers need to rely on a large set of products’ characteristics and not all this information can
be processed, given the limited time and capacity of the brain (Ares et al., 2014). Previous stud-
ies suggest that to simplify complex decisions, respondents may follow some decision rules or
“heuristics”, which result in non-attendance to certain attributes (Orquin and Mueller Loose, 2013).
This has become a problem in discreet choice experiments (DCE), as if respondents do not attend
to all the attributes, this could lead to biased results (Caputo et al., 2016).

Our main objective is to understand which attributes consumers are interested in when selecting
lamb/sheep meat. Through a DCE using eye-tracking, we compared the stated preferences of the
respondents in the DCE, the self-reported statements on non-attendance (Scarpa et al., 2013) and
their visual attention to each attribute and levels (Erdem et al., 2015). We used the results to cre-
ate a DCE in wider scale, which included only the key attributes for the consumers

Il — Materials and methods

1. Pilot study design

We designed a labelled DCE. Each choice task contained a non-choice alternative and four types
of meat in specific cuts: lamb leg, lamb chops, goat chops, T-bone steak. Based on the results from
previous studies and focus groups, we selected eleven credence attributes for the design of a pi-
lot choice experiment: price, halal label, origin, Protected Geographical Indication label — PGI, an-
imal feeding, carbon footprint label, organic label, fat content, protein content, cholesterol content
label and preparation (normal or ready to cook). Attributes varied between two and three levels.
Prices were set fix and adjusted in +/-30% by each type of meat and cut.

We developed a hypothetical DCE, as some of the labels and attributes are not currently present
in all the target markets included in the study. Each respondent was presented with six choice tasks.
We designed the DCE using a D-efficient approach in the Ngene software. All choice sets and al-
ternatives were randomly presented to avoid bias. For the pilot study, we collected a total of 138
choices. The panel data was analysed using multinomial logit code in R and used for the devel-
opment of a final DCE that included only the key attributes.

We collected the data for the pilot study in Ancona (ltaly), in October 2018. All participants were
meat consumers and ate lamb at least once in the last year. While the respondents were answering
the choice experiment, their visual attention was recorded using a contact-free eye-tracking de-
vice. As in previous works (Balcombe et al., 2015), participants viewed each choice set as long as
they need it and then selected one of the alternatives of the choice. We analysed the eye-track-
ing data by defining areas of interest (AOIs) on the products and heat maps. After performing a
qualitative analysis on the results, some attributes were dropped for the final DCE.

2. Final DCE design and data collection

Based on the pilot study results, we designed a label and hypothetical DCE, using an efficient de-
sign. Each choice task included a non-choice alternative and the same four types of meat used in
the pilot. We develop 24 choice tasks in 2 blocks. The product attributes were adapted according
to the results from the pilot study. Between mid-March to mid-May 2019, we collected more than
400 responses from each of the following countries: Finland, France, Greece, Italy, Spain, Turkey
and UK, equivalent to 34,392 choices. We analysed the data using MNL in R.
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Il — Results and discussion

1. Pilot study results

The MNL estimation based on the DCE and the eye-tracking data resulted in substantially similar
results. Results show that price is an important attribute for consumers and, as expected, has a
significantly negative coefficient. The organic label gets also significant attention from consumers
and had a significant positive effect on the choices of consumers. These results match with pre-
vious literature (Apostolidis and McLeay, 2016; Zanoli et al., 2013) and can be observed in the heat
maps on Fig 1.

NESSUNA

Fig. 1. Heat map from an eye-tracking respondent.

However, we found some differences among DCE, eye-tracking results and the consumers’ self-
reports on non-attendance. The protein label gained many consumers’ visual attention (Fig.1); in
the DCE model estimates the corresponding coefficient was significant but negative. Nevertheless,
most respondents declared not considering it when making their choice. The same happened to
the preparation format, which was also reported as non-attended, but it was found significant al-
beit negative in the DCE estimates.

The national origin and the PGl label had a significant positive effect on the choices of consumers
and got some visual attention during the selection process. However, respondents declared to not
pay attention to the origin of the meat when selecting their choice. Given the pilot study results,
the attributes animal feeding and cholesterol content were removed from the final DCE model.

2. International DCE results
Results vary between countries, as it can be seen in Table 1.

Beef is usually preferred over lamb cuts, except for lamb chops in ES and TR. Price is significant and
has a negative coefficient in all countries. National origin and organic label have positive coefficients
and are the most important attributes in FI, FR, GR and IT. National origin is also important in ES and
TR.In Fl, FR, IT and ES, EU origin has also a positive coefficient, although always smaller than the
national one. Only in TR halal is perceived as an important attribute with a positive coefficient. For
UK consumers, organic was the most important attribute with a positive coefficient. IGP label and Car-
bon footprint have a positive coefficient for GR, ES and TR; while the high protein content label has
a negative coefficient and is significant only in Fl and UK. The ready to eat preparation is significant
in FI, GR and SP. In Fl, the ready to eat preparation is appreciated by consumers, while in GR and
ES it has a negative coefficient. Lower fat content is only significant in IT and has a small coefficient.
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Table 1. MNL estimation results for the final DCE for Finland, France, Greece, Italy, Spain, Turkey and UK

Finland France Greece Italy Spain Turkey UK
Final LL -7308.62 -7523.24 -7469.13 -7450.41 -7612.75 -7158.37 -7514.05
Adjust Rho sqr 0.082 0.057 0.031 0.073 0.053 0.050 0.059
Estimates Coeff. Std.error|Coeff. _Std.error |Coeff. _Std.error |Coeff. Std.error [Coeff. Std.error |Coeff. Std.error|Coeff. Std.error
Lamblegcte. |-0.568  0.044] -0374  0.066| -0.703  0.064| -0.640 U,Uéﬁl -0.192  0.043] -0509  0.052| -0.335  0.068
Lambchops cte.|-0214  0.045| -0.108  0.046| -0.388  0.0563|-0.044*  0.039) 0519 0.045| 0.131  0.041[-0.117*  0.064
Goatchops cte. |-0.728  0.057| -1.048  0.065| -0670 0.058| -0.786  0.054{-0.054°  0.067| -0.726  0.067| -1.292  0.083
BeefT-bonecte. | 0.000 NA 0000 NA 0000 NA 0000 NA 0000 NA 0.000 NA 0000 NA
None cte. -1427  0091| -0.738 0110 -06561 0.111| -1.552  0.094| -1.048 0.085| -0.955 0.107| -1.496  0.123
Price -0.168  0.007| -0.092 0.008| -0.134  0.013| -0.166  0.008} -0.114  0.007] -0.020  0.002f -0.165  0.010
Halal label -0087  0.034) -0.165 0033} 0.044*  0.033|-0058* 0.031) -0.168 0032] 0363 0032 -0.096 0.033
National origin | 0.552  0.051| 0.511 0.053| 0584 0.052| 0592 0.050{ 0418 0.051| 0412 0.046( 0.096* 0.050
EU origin 0159 0059 0212 0.054| 0.070* 0.056| 0.114 0.052| 0185 0.051| 0.074* 0.058/-0017°  0.051
IGP label 0.062*  0059] 0111 0038] 0234 0037 0177 0037 0100 0037 0229 0056 0092 0.039
Carbon footprint | 0.090  0.034| 0.062 0.033| 0118 0.033| 0.037* 0031 0080 0.032 0.140 0.032| 0.025* 0.033
Organic label 0224 0038] 0327 0.038) 0267 0036 0231 0035/ 0066 0035 0201 0036 0177 0.037
Lower fatcontent] 0.057*  0.038| 0.070*  0.036| 0.043*  0.037| 0076 0.034f 0.035* 0.035| 0.016* 0.036( 0.024*  0.036
High protein -0.071  0.036|-0.017 0.035|-0.030*  0.034(-0.012*  0.033| 0.005* 0.033|-0.063* 0.033| -0.085 0.034
Readyto eat 0089  0.034]|-0048 0.034| -0.138  0033|-0017* 0031] -0150  0.032| 0.003* 0032|-0.012° 0034

*The coeffientis not significant at significant level of 0.05

IV — Conclusions

Our results present an alternative way for the selection/reduction of attributes and their levels in
the development of future DCE. Accordingly, organic labels, price and origin continue being the way
in which products signal their quality and are a must for the development of DCE in lamb meat.
Other attributes as PG, halal label and carbon footprint might vary between countries and should
be taken into consideration depending on the market under study.
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Revisiting crop and livestock integration in sheep
and goat systems of Morocco: new insights

B. El Amiri and F. Nassif
INRA, Centre Régional de la Recherche Agronomique, BP: 589, Settat (Maroc)

Abstract. Mixed farming with crops and livestock, particularly cereals associated with sheep rearing has been
and still is the predominant farming system in Morocco. Because of the high diversity of topography, soils, cli-
mate, the extent of arable, rangelands, crop and livestock integration in sheep and goat systems takes a vari-
ety of forms. The integration depends on cultivated crops on-farm, available feed sources, breeds, and pro-
duction objectives. Most studies on Moroccan sheep and goat systems adopt technicist approaches. The aim
of this paper is to revisit the main sheep and goat production systems. It is based on specialised studies and
field work on sheep and goats in the Middle-Atlas, Azilal and the plains of Settat and Khouribga provinces.
The analysis focuses on the pastoral system of the eastern steppes as an example of the occurring shifts in
sheep production. It is argued that the use of typologies hides the evolutionary processes underlying the pro-
duction systems and the extent of diversity and interaction within systems. For a better understanding of crop-
livestock integration, multi-disciplinary approaches are necessary.

Keywords. Morocco — Sheep — Goats — Mixed farms — Integration.

L’intégration cultures/élevage revisitée a travers I’étude des systémes ovins et caprins au Maroc:
nouveaux éclairages

Résumé. L’agriculture mixte (cultures et élevage), en particulier les céréales associées a I'élevage ovin, a été
et reste le systeme d’exploitation prédominant au Maroc. En raison de la grande diversité de la topographie,
des sols, des conditions climatiques, de I'étendue des terres arables, des parcours et des terres marginales,
l'intégration des cultures/élevages (ovins et caprins) revét de nombreuses formes. D’autres facteurs peuvent
définir la nature de l'intégration notamment les cultures pratiquées, les sources d’alimentation supplémentaires
disponibles, les races et les objectifs de production. La plupart des études sur les systemes ovins et caprins
marocains adopte des approches technicistes. Dans ce papier, les systémes de production ovins sont revisi-
tés. Le travail est basé sur une revue de la littérature et des travaux antérieurs sur le terrain dans le Moyen
Atlas, les provinces d’Azilal, de Settat et de Khouribga. L’analyse se concentre sur le systéeme pastoral des
steppes orientales en tant qu’exemple des changements survenus dans la production ovine. Il est avancé que
I'utilisation de typologies cache les processus évolutifs sous-jacents aux systemes de production et I'étendue
de la diversité et de l'interaction au sein des systemes. Pour une meilleure compréhension de l'intégration cul-
tures — élevages, des approches multidisciplinaires sont nécessaires.

Mots-clés. Maroc — Ovin — Caprin — Exploitations mixtes — Intégration.

| — Introduction

According to the 2014 census, the Moroccan population counts 33.8 million with the rural people
representing less than 40% (HCP, 2014). Despite the continuous urbanization, agriculture still oc-
cupies an important place in the economy with sheep and goats contribution to the country’s GDP
estimated between 1.5% and 2% (Boujenane, 2005). In the last three decades, agriculture and live-
stock husbandry have witnessed an increased intensification with greater interactions between crops
and livestock. This resulted in the transformation of extensive pastoralism to semi-intensive mixed
farming. The latter is seen as the most efficient and sustainable means of increasing food produc-
tion and coping with risks. In fact, it is documented that diversification of subsistence agriculture and
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livestock activities is a way to cope with climatic risk. Most arable lands and rangelands are located
in areas receiving less than 400 mm of rainfall, where cereals and small ruminants mainly sheep
are integral components. The aim of this paper is to revisit the main sheep and goat systems in Mo-
rocco. The paper builds on specialized works on production systems, namely Guessous et al. (1989);
Boujenane (2005); Boulanouar (2006); Boulanouar and Benlekhal (2006). The authors also draw
from their observations and fieldwork on sheep and goats in the Middle Atlas, Azilal, Chaouia and
Khouribga regions (Chriyaa et al., 2011; EI Amiri, 2006; El Amiri et al., 2007; Sibaoueih et al., 2019).

Il - Predominant forms of crop/livestock integration and changes

The first comprehensive work on sheep in Morocco classified production systems according to the
type of feed resources, namely the pastoral, the agro-pastoral and the oasis system (Guessous
et al., 1989). Later, the research program on small ruminants at the National Institute of Agricul-
tural Research, in collaboration with the German Technical Cooperation, established a typology of
sheep production systems in 1992 (Boulanouar, 2006). The four systems identified were the pas-
toral, the agro-pastoral, the agro-sylvo-pastoral and the oasis systems. For the classification of
Guessous et al. (1989), the pastoral system was defined based on the predominance of range for-
ages contributing over 50% of total feed resources with herds spending from 8 months to all year
around on rangelands. Geographically, the pastoral system is characteristic of the Middle-Atlas,
the high plateau and the Moulouya basin. Boulanouar and Benlekhal (2006) reported that the pas-
toral system is dominant in mountains with forest and non-forest rangelands, the arid steppes where
agriculture is uncertain, the High Plateaux of Eastern Morocco, the southern side of the High At-
las, and Chaouia and Rhamna regions. The agro-pastoral system prevails in areas producing ce-
reals and legumes, namely Gharb, Doukkala, Chaouia, Abda, Taounate, Khemisset (Guessous at
al., 1989). Sheep flocks rely significantly on on-farm production including cereal and legume grains
as well as their by-products. When necessary the market provides a variety of feed products. The
oasis system is confined to oasis particularly in the Draa-Tafilalet region and Figuig oasis. Cereal
by-products, alfalfa and date by-products are the major feeds for sheep consisting of small size
flocks of all year around penned and highly prolific D’man breed.

Over the last three decades, Morocco has experienced complex processes of change including all
spheres of the economy, the society and the natural environment. Sheep production systems have
had their part of transformation and change. While the concepts of agro-pastoral and oasis systems
continue to be relevant today, the concept of pastoral sheep production is increasingly losing its em-
pirical grounds. As indicated in Table 1, cereals and cereals by— products, crop residues of all kinds
are increasingly generalized as feeding stuffs across the country including the conventionally de-
fined as pastoral areas, namely the eastern steppes and the Middle-Atlas. This implies that sheep
production is relying less on range pastures and more on crops and crop by-products whether from
on-farm production or acquired through the market. In the eastern steppes of Morocco, cropping ac-
tivities were marginal particularly among the nomadic herders. With the settlement of most nomads,
growing cereals and forage crops are becoming of paramount importance. According to the 2014
population census, the nomadic population in Morocco stands at 25,274 people compared with
68,540 in 2004. This 63% decline over a decade is a clear indicator about the direction of change
in sheep production in the future. At the regional level, Draa-Tafilalet accounted for 61%, the
Guelmim-Oued Noun counted for 21% and the region of the Oriental recorded 2% of all nomads
(HCP, 2016). The eastern steppes are traditionally considered the center of pastoral nomadism.

With respect to goats, the contribution of range feeding is rather substantial, varying from 75% to
97% of annual animal requirements, depending on climatic conditions of the year and/or regions
(Boujenane, 2005). In the north of the country, Chentouf (2018) reported that pastoral resources
covered about 96% of the animal needs in the extensive goat meat production system. The meat
and milk system relies on both pastoral resources (from 49 to 78% of total needs) and other feed
resources from the farm or the market (Chentouf, 2018).
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Table 1. Sheep systems in Morocco, main characteristics, breeds and feed resources

Production Administrative Predominant
system provinces breed in numbers Major feed resources
Agro-pastoral in  — Settat Sardi (2.1 million heads) Barley grain, straw, weedy
the central plains - El Kelaa des Saghna represents 13% of fallow, stubble, crop residues,

— Rhamna Morocco’s total cultivated forages

— Beni Mellal
Agro-pastoral in — Taourirt Beni-Guil (1.9 million heads) Range pastures, barley
the eastern — Guercif represents 12.5% of grain, cereal straw
steppes-Figuig — Jerada Morocco’s total and stubble, wheat bran,

crop residues

Agro-sylvo- — Ifrane Timahdit (1.5 million heads)  Forest / highland pastures,
pastoral in the — Boulemane represents 10% of cereal straw, stubble, weedy
Middle-Atlas — El Hajeb Morocco’s total fallow, crop residues

— Sefrou
Agro-pastoral — Keénitra Local sheep populations Cereal straw, fallow, stubble,
of the Atlantic — El Jadia alfalfa, sugar beet by-
(irrigated and — Safi products, bran, crop residues
ainfed areas)
Agro-pastoral — Khouribga Boujaad (230 000 heads) Cereal straw, fallow, stubble

(Oued Zem-Boujad) —alfalfa, sugar beet by—

— Beni-Mellal (Tadla) products,other crop residues
Argan forest- — Essaouira Local sheep populations Argan sub-products, cereal
farming system — Taroudant by products, crop residues

— Agadir Ida—

Ou-Tanan
Oases — Errachidia D’'man (260 000 heads) Alfalfa (fresh-hay), dates

— Ouarzazate by-products, cereal

—Zagora by-products, crop residues

Source: compiled by authors.

Il — Main constraints

Natural diversity is a major characteristic of Morocco displayed in the presence of mountain ranges
in the Rif and Atlas, central plains, steppes and Saharan environments. This results in climatic zones
varying from warm, dry in summer and mild in winter to hot desert. Average annual precipitations
vary from over 1,200 mm in the North with two seasonal peaks in winter and spring, to below 100
mm in the South. Across the country, crop and livestock activities are climate dependant. The avail-
ability of feed resources and animal species are closely associated with rainfall patterns. The analy-
sis of the evolution of sheep and goat population over the last 50 years reveals the close relation
between the extent of fluctuations in stock numbers and drought episodes in Morocco. In 1982, Mo-
rocco lost 35% of its national sheep flock and 25% of the goat flock because of the drought.

As highlighted in the literature, local sheep breeds are known by their rusticity, diversity and adap-
tation to prevailing environmental conditions (Boujenane, 2005; Boulanouar and Benlekhal, 2006).
Table 1 indicates that these breeds are integral parts of particular climate, environmental and pro-
duction zones. Herders and farmers select not only the animal breeds that are likely to withstand the
prevailing environmental conditions but they also grow most adapted crops to prevailing conditions.
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IV — Prospects

Between the 1982 and the 2014 population censuses, the rate of urbanisation in Morocco moved from
42.7% to 60.3%. This means that urban consumers represent the largest share of the current and
future demand for sheep and goat products, grains, vegetables and fruits. The tendency to respond
to market driven products for an increasing urban population needs to be considered in apprehending
the occurring shifts in sheep and goat production systems. Pastoral activities are increasingly as-
sociated with cropping activities through shifts in land use, irrigation and modernisation of farming
practices. For example, cultivation of forages covered 128,000 hectares against 441,718 hectares
in 2005. The future is likely to unravel a greater diversification of feed sources, less reliance on range-
lands and more use of crops by products and concentrates, and more integration in the market.

A better understanding of the directions of these changes requires the availability of national agri-
cultural statistics. Since independence in 1956, Morocco conducted two general agricultural cen-
suses, the first one in 1973 and the second in 1996. Since 2015, the ministry of agriculture has been
talking about the National Agricultural Register. Until today, there are not any information acces-
sible to the public. Besides, it is not clear whether or not that the initiative is an alternative to the
general agricultural census. Without longitudinal updated data of wide coverage, it is very difficult
to apprehend the evolving links between land use, livestock numbers and distribution.

V - Conclusion

In Morocco, farmers and herders are diversifying their activities as coping strategies to face un-
reliable climate and market requirements. Mixed farms allow more flexibility and more resilience
in face of risks. The use of typologies hides the evolutionary processes underlying the production
systems and the extent of diversity and interaction within systems. For a better understanding of
crop-livestock integration, multi-disciplinary approaches are necessary.
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Abstract. With a total of 263,000 heads, the Siroua woolly sheep is a breed that encompasses two variants,
the “Blanche de Montagne” and “Noire de Siroua”, and has an important economic and social role for a large
number of families in the High and the Anti-Atlas Mountains in Morocco. Due to its small size, this breed has
received very little attention as one of Moroccan standard breeds. Recently, the Siroua woolly sheep is
attracting increasing attention of the Ministry of agriculture, NGOs, and researchers. In the present study, the
value chain of this breed is explored trough the description of the breed, its production (meat and wool), the
carpet production and the marketing. Analyses on meat and wool productions were based on surveys tar-
geting stakeholders, technicians, herders, shepherds and carpet cooperatives. The results showed that for a
long time the breed was appreciated mainly for its high-quality wool production characterized by long fibre,
which makes it unique in Morocco. For example, the pricy and the famous “carpets of Taznakhte” are made
of Siroua’s wool. This typical carpet was facing problems, related to market competition, that have recently
been partially resolved thanks to the efforts of some cooperatives. Regarding meat production, it is worth not-
ing that the small size of the Siroua sheep limits its competitiveness with other Moroccan breeds. Based on
the local knowledge, the breed has a typical meat produced on a large list of aromatic plant pastures.
Currently, new concepts such as, but not limited to, label, diversity, and conservation revive the breed and
boost studies towards meat quality. Globally, through giving particular attention to herders and shepherds the
two variants of Siroua breed offer significant opportunities for the production of both meat and wool.

Keywords. Blanche de montagne — Noire de Siroua — Wool — Taznakhte’s carpet — Meat.

La chaine de valeur de la race ovine marocaine lainiére de Siroua

Résumeé. Avec un total de 263 000 tétes, la race lainiere Siroua, avec ses deux variantes “Blanche de mon-
tagne” et “Noire de Siroua”, joue un réle économique et social important pour un grand nombre de familles du
Haut et de I'Anti-Atlas du Maroc. En raison de sa petite taille, cette race a été pour longtemps ignorée des listes
des races standards marocaines. Récemment, elle attire de plus en plus I'attention du ministere, des ONGs et
des chercheurs. Dans la présente étude, la chaine de valeur de cette race est explorée a travers la description
de la race, sa production (viande et laine), la production de tapis et la commercialisation. L’analyse des pro-
ductions de laine et de viande a été basée sur une enquéte ciblant les décideurs, les techniciens, les éleveurs,
les bergers et les coopératives de tapis. Les résultats ont montré que la race a longtemps été considérée prin-
cipalement pour sa production de laine. Il est connu pour produire une laine de meilleure qualité présentant sur-
tout une longue meche l'identifiant comme unique au Maroc. Le prix de la laine Siroua est élevé et elle est a la
base du fameux ‘“tapis de Taznakhte”. Ce dernier a confronté des problemes, de marché et de concurrence, qui
ont été partiellement surmontés grace aux efforts de certaines coopératives. Concernant la production de viande,
la petite taille de la race Siroua 'empéche d’étre compétitive par rapports autres races marocaines. Sur la base
des connaissances locales, la race produit une viande typique basée sur une grande liste de plantes paturées.
Aujourd’hui, de nouveaux concepts (label, diversité, conservation) font revivre la race et poussent les études
vers la qualité de la viande, entre autres. Pour conclure, la race Siroua avec ses deux variantes doit étre consi-
dérée pour la production de viande et de laine avec une attention particuliere aux éleveurs et aux bergers.

Mots-clés. Blanche de montagne — Noire de Siroua — Laine — Tapis de Taznakhte — Viande.
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| — Introduction

The Siroua has been described as a Moroccan sheep breed that includes two variants the white
(Blanche de Montagne) and the black (Noire de Siroua about 50,000 heads) variants (Ezzahiri,
1981a). Due to its small size (weight < 40 kg) it has long been ignored in Moroccan sheep programs.
This is because, as compared to other mountains in Morocco, the Siroua Mountain attracted less
attention for such studies which severely affected investigations on the sheep (Birouk, 2009). To
increase productivity, the Siroua breed was crossed with Timahdit rams (Ezzahiri, 1981b). At that
time, enhancing productivity was dominating the livestock strategies. From 2006, the Siroua
breed regained its place among other Moroccan sheep thanks to many national and international
initiatives. Recently in 2010 and 2015, the white and black variants were registered in the official
book of ANOC (National Association of sheep and goat) respectively. Breed production and
growth performances have been characterized mainly for its exceptional wool quality, the Siroua
breed is one of the pillars of artisanal products (carpets of Taznakhte or Ait Ouaouzguit). Additionally,
both black and white variants are known for their meat with special good taste due primarily to nat-
ural grazing. Nonetheless, data on the Siroua breed remains limited and confined to some tech-
nical reference documents. In the present study, the value chain of this breed is explored.

Il — Materials and methods

The study was carried out in different sites from Ouarzazate-Province in the Southeastern Morocco
(Iznaguen; Askaoun; Taznaght, Ouarzazate and Sidi Hsain). Analyses of wool and meat productions
were based on surveys targeting stakeholders in regional departments of the ministry of agriculture
(ORMVAO, ONSSA), technicians of the ANOC, herders, shepherds and carpet cooperatives. Two
workshops were organized and individual surveys were achieved to collect the data used in the
analyses. The analysis of literature review, the survey tools, were using a checklist on production
of meat and wool, marketing and consumption of Siroua breed. More precisely, a structured ques-
tionnaire focused on the main aspects of small ruminant’s production, husbandry practices, pro-
cessing, marketing, consumption and products perception was prepared. A total of 40 households
owning flocks were randomly selected among ANOC and non ANOC farmers for survey.

lll - From Siroua sheep to Taznakhte carpets

1. Siroua sheep characteristics

Siroua sheep constitutes with Saghro sheep the two main sheep populations bred in a rangeland-
based system in the studied area, with a total census of 600,000 heads (Ezzahiri, 1983). The Siroua
sheep is highly adapted to its harsh environment. It is a small sized animal with a body length vary-
ing from 60 to 70 cm and a rump height varying from 55 to 65 cm. The body weight is 25-40 kg for
rams and 20-30 kg for ewes (Ezzahiri, 1981a). Despite improvement and selection programs car-
ried out by ANOC, the body measurements recorded recently by Jannoune and Fagouri (2011) and
Kandoussi (2017) did not seem to be different from those previously reported by Ezzahiri (1981a).
Interviews with different stakeholders confirmed the social and economic of Siroua sheep roles.
In fact, the breed contributes largely to farm’s income through the sale of various animal parts and
byproducts (manure, wool, carpets, etc.).

2. Siroua sheep wool

The Siroua wool is either uniformly white or uniformly black or a mixture, with dense fleece covering
the head and the whole body allowing good protection outdoors in both winter and summer. Key wool
characteristics include: fibre diameter, fibre diameter coefficient of variation, comfort factor, fibre cur-
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vature, spinning fineness, staple length, staple strength, and clean fleece yield. All these character-
istics are not yet established for Siroua sheep wool until now. The totally black or white wool repre-
sents about 25% each from the total production while the mixture represents the remaining 50%. The
greasy fleece weight varies from 1.5 to 4 kg (Ezzahiri, 1981a; Jannoune et Fagouri, 2011). The length
of its fibre varies with body parts. It reaches 15 cm at the back level, 22 cm at the thighs and pelvis
and 28 cm around the neck (Jannoune and Fagouri, 2012). According to the same authors, it can
also be sex dependent. The length of white wool is about 19.69+1.93 cm in males and 11.93+2.21
cm in females. Ezzahiri (1981a) highlighted that Siroua wool price overcome all Moroccan sheep wool
about 30%. Black wool is especially more expensive as it is preferred to white wool because it of-
fers more possibilities for greater colour combinations. Presently, Black greasy fleece costs 25 to 35
DH/kg, while the white cots only 10 to 15 DH/kg, and becomes as cheaper as 5-7.5 DH when itis a
mixture. Wool could be classified as “alive” or “death”. The former, is collected after shaving live an-
imals or from the body parts that are exposed to the sun. The latter is collected from slaughtered an-
imals or from the down body that is not exposed to the sun. “Death wool” and down body wool do
not retain well the dye and are not appreciated by weavers. Based on our surveys, the farmers de-
clared that wool colour changes according to latitude. In highlands wool is brighter. The wool of Siroua
is used to produce many artisanal items, especially the well-known Taznakhte carpet.

3. The Taznakhte carpet

Taznakhte or Ouazguite carpet is very famous in Morocco and well-known among tourists who have
visited and subsequently promoted significantly the image of the region at the international level.
The Taznakhte carpet has been known historically since late 1800s and early 1900s. During this pe-
riod, attempts were made to modernize its patterns, colour, etc. Currently, Taznakhte carpet has a
very high density of nodes showing about 500,000 per square meter achieved in 9 months. For gen-
erations, women have been making carpets with characteristics and patterns that are specific to the
region. In bright colours and different sizes, the Taznakhte carpets are the models of paintings made
by skilful hands. It is full of signs and geometric shapes. There are, for example, squares, triangles,
circles and symbols of Tifinagh that express the Amazigh identity. Animal figures, birds, camels and
lamps can also be a part of Taznakhte carpet. The variety of signs is linked to everyday women'’s
life. When talking about their carpets, all of the surveyed persons used expressions as if they were
talking about humans. They used expressions like “Tapis heureux” or “Tapis triste” implying that this
is a real artwork. Choice of colors is of great interest and mainly based on warm ones such as or-
ange, yellow and red. Chemical dyes give opportunities to multiply colours. However, women still
use local methods to dye wool. Flowers, leaves, fruits, sun-dried insects are used. Besides, mad-
der roots cochineals, purple, poppy, henna, walnut, pomegranate and apple bark, alone or in mix-
ture, allow performing a variety of colours. Tea, saffron, Daphne, petals of broom and mimosa al-
low to enrich shades of bright yellow and pastel. Ochre is used in dying carpets as well.

According to cooperatives survey, the carpet artwork is an ancestral activity, the mother and all other
women members of the family hold this knowledge and transmit it to their daughters. Women are
organized in groups to work together or alone with their daughters. Weaving skills is even one of
the criteria that highlight the talents of a new wife at the regional level. Through carpet work women
express their emotions and have a moment to escape housework.

IV - Siroua carpet market

Marketing is rarely attributed to the weavers. It is a task of men or cooperatives. Women who work
from home delegate marketing to cooperatives. The carpet of Taznakhte suffers from imitations and
deficient marketing. A good quality carpet of 1.5x2.5 m requires 2-month work done by three women
can be sold at 2,500 DH. A carpet of 4 m? for example requires 3-month work; it can be sold at about
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1,500 DH if ordered while the price will drastically be reduced to 300-500 DH when sold in a local
market. In general, the price depends on the quality of wool, patterns, and softness. Currently, four
women’s cooperatives are in contract with the Wool Collection Center managed by ANOC. Some
weavers benefit from capacity building on designs, and how to deal with crude material from grassy
wool to a carpet. They also learned how to valorize and diversify their products. About 22,000
women in Ouarzazate province are working on carpets. Today, carpet weaving in Taznakhte has
become a means of social development. It is especially a source of complementary income for fam-
ilies. Besides, the yearly Taznakhte carpet festival is opening other market doors for this product.

V — Siroua breed meat

Based on their body weight (17-24 kg for ewes and 23 to 40 kg for rams), Siroua breed carcasses
are very light. A carcass monitoring in Tazenakhte and Askaoune slaughterhouses revealed their
light weight varying from 12 to 20 kg depending on age and fattening quality (Ezzahiri, 1981a). The
surveyed persons indicated that meat quality is the consequence of feeding management based
on grazing in good quality pastures in Ouarzazate province. According to Birouk (2009), the low
altitudes of Siroua’s mountains are dominated by white wormwood (Artemisia herba alba) and the
slopes are mostly covered by red juniper (Juniperus phoenicea). On the high slopes (between 2,500
and 3,300 m altitude), the vegetation is of xerophytic type (Erinacea anthyllis, Alyssum spinosum,
Bupleurum spinosum, Astragalus ibrahimianus) rich in species with high pastoral and ecological
value (Festuca rubra, Poa bulbosa, Nardus stricta). Feeding on this wide range of plants contribute
significantly to the Siroua sheep its typicity. However, despite its dietetic and other distinctive as-
sets, the Siroua’s meat still does not have its share in the meat market. Recently consumers from
large cities in Morocco have been showing a greater interest for it. To overcome this hurdle, re-
search might be geared toward getting deeper insights into the benefits of the Siroua’s meat and
subsequently establish a labeling system for this product to be more market competitive.

VI — Conclusions

The characteristics of both variants of the Siroua sheep suggest that this breed is reared for the
production of both meat and wool. The profitability of Siroua rearing projects should be estimated
based on its productivity in terms of these two main products. Further studies need to be under-
taken to establish the “typicity” of meat. Laboratory tests need to be implemented to track down
the origin of wool used in Taznakhte carpet. Healthy and well managed animals, produce good qual-
ity wool. However, the carpet value chain is not equitable towards farmers and shepherds. Carpet
production activities need to be undertaken in the framework of more solidary value chain that ben-
efits all actors for sustainable Siroua wool-made carpet production.
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Abstract. This study aims to characterize the goat farming in steppe zone at M’sila region (Algeria) and to
identify its main constraints. In Algeria, goats are distributed mainly in the mountains, the steppe and Saharan
areas. The goat population in this agro-pastoral region is about 140000 goats of which 90000 females. A sur-
vey of 64 breeders confirmed extensive and mixed management with sheep. The price of goat meat has been
in line with sheep’s meat, which remains the most consumed meat in the study area. The market demand for
goat meat is accentuated especially during the aid Al-Adha and Ramadhan as well as for the farmers’ fresh
money requirements. Goats are sold around 30000 Algerian dinars depending on age and weight. Otherwise,
the price of goat milk, which is gaining interest, has tripled. Despite the attractive price of the goat milk, 67%
of the breeders prefer it for to self-consumption. These farms are almost exclusively conducted by men (97%)
of over 55 years old. Better organization of the goat sector could make it more profitable and play an impor-
tant role in rural development.

Keyswords. Goat farming — Steppe zone — Meat — Milk — Constraints.

L’élevage caprin en région steppique algérienne: contraintes et perspectives

Résumé. Cette étude a pour objectif de caractériser I'élevage caprin en zone steppique dans la région de M’sila
et d’identifier ses principales contraintes. En Algérie, le cheptel caprin est réparti essentiellement dans les mon-
tagnes, les zones steppiques et les zones sahariennes. L'effectif caprin dans cette région agropastorale est
d’environ 140000 tétes dont 90000 chevres. Une enquéte aupres de 64 éleveurs a confirmé la conduite en ex-
tensif et mixte avec les ovins. Le prix de la viande caprine s’est aligné avec celui de 'ovin qui reste la viande
la plus consommée dans la région d’étude. La demande du marché en viande caprine s’accentue notamment
lors de périodes de fétes de I'aid Al-adha et du ramadhan ainsi que lors de besoins en argent frais des éle-
veurs. Les chevreaux sont vendus environ 30000 dinars Algérien, selon leur &ge et leur poids. Par ailleurs, le
lait de chevre connait un regain d’intérét et son prix a triplé. En dépit du prix attractif du lait de chevre, 67 %
des éleveurs enquétés le destinent en priorité a I'autoconsommation. Ces élevages sont quasi exclusivement
conduits par des hommes (97%) &gés de plus de 55 ans. Une meilleure organisation de la filiere caprine pour-
rait la rendre plus rentable et jouer un réle important dans le développement rural.

Mots-clés. Elevage caprin — Zone steppique — Viande — Lait — Contraintes.

| — Introduction

Goat is known for its adaptation to very rough farming conditions. In Algeria, it is practiced in moun-
tains in the north of the country, but most of the population is distributed in the steppe and sub-desert
areas. It is conducted in extensive (Mouhous et al., 2015; Guermah et al., 2018). Goat farming is
an important family activity in M’sila region. Technicity is transmitted from generation to generation.
The goat population in Algeria is estimated at 5.129.838 in 2014 (DSA, 2016). Goat meat conveys
the image of a biological product. It represents a source of animal protein but also income for rural
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populations, especially in developing countries (Escarefio et al., 2013). Goats are also bred for their
desired fleece and skin which is used in particular for the manufacture of guerbas which are light-
weight, insulating and easy to carry. They are widely used in the study area. The wilaya (district) of
Msila is part of the Hodna region. This region is located south of the highlands in central Algeria. It
covers an area of 18.175 km? for an estimated population of 1 210 952 inhabitants (www.wilaya-
msila.dz). More than 30% of the population is concentrated in three important cities: M'Sila, Bou-
Saada and Sidi Aissa. Its main purpose remains agro-pastoralism dependent on low and irregular
rainfall. The south of the region receives less than 200mm/year. The north area receives more than
480 mm /year. The climate of the wilaya is of continental type subjected in part to the Saharan in-
fluences. Itis dry and very hot in summer and very cold in winter. Rangelands and pastures occupy
a very large area, 1029564 ha or 56.65% of the total agricultural area. The study of the potentiali-
ties of goat farms in this agro-pastoral region remains insufficient. The aim of this work is the char-
acterisation of goat farming and determination of its main constraints in M’'Sila region.

Il — Materials and methods

In order to characterize the behavior of goat farms and to identify the main constraints, a ques-
tionnaire survey of 64 breeders was conducted. Questionnaires concerned firstly the social aspect
of the farmer, his age, his level of education, and on the other hand livestock management, feed-
ing mode, type of production. The choice of surveyed areas was made following interviews with
veterinarians, butchers and especially the guidance of the agricultural services staff of the wilaya.
The selected areas for the survey were, M'sila and its surroundings: 10 farms, Ouled Derradj: 34
farms and Magra: 20 farms surveyed. After tabulation, the collected data was coded and stored
in a database designed with Microsoft Excel software 2013. The analysis concerned the descrip-
tive statistics calculated for each of the parameters (means, standard deviations and proportions).

Ill- Results and discussion

The results obtained show that 97% of goat farming is conducted by men, 48% of whom are over
55 years old. As has been reported in several studies in Algeria, in Mediterranean regions or around
the world (Mouhous et al., 2015; Todaro et al., 2015), livestock are mostly conducted in extensive
mode, most often in association with sheep. The local race “Arabia” located in steppe, semi-steppe
and highland areas, Guintar et al., (2018) is dominant in the farms surveyed. According to the breed-
ers it is more adapted to the climate of the study area.

Mid-sized herds are the most frequent, 23.5% have 10 to 20 goats. Large herds are quite rare. How-
ever, 12.5% of the surveyed breeders have 70 to 80 goats and 5% have a population of over 100
animals.

93.4% of breeders sell males aged 6 —12 months or older, and keep only one male in the herd for
reproduction.

A lack of technical skills of breeders and extension has been noted, this situation was previously
reported by Kadi et al., (2016).

Goat meat is dedicated to breeders self-consumption and then for sale. Goats are sold in the mar-
ket or in the farm on feet and like carcasses in butchers. Prices of goats are different according to
their age and weight. Recently prices of goat meat and milk increased significantly. Milk is sold at
150 Algerian dinars the liter and goat meat is at 1400 local dinars the kilogramme, recently
aligned to meat sheep. Bring together the two components: more productive orientation towards
mixed farming (milk/meat) and the sale of young goats participates to sustain household cash flow
and allow securing the farming system. This option was also reported by Sahraoui et al., (2016).
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The majority of breeders surveyed (64%) practically only graze on steppe routes and stubble ce-
reals. 36% of breeders distribute barley in addition to grazing (Fig. 1). Goats reared with sheep
rarely benefit from feed supplement.

£ 70%
60% -
50% -
40% -
30% -
20%
10% -
0% -

Grazing Grazing + barley

Fig. 1. Feeding mode of surveyed breeders.

The practice of rationing is not found in any of the farms surveyed which explains the low pro-
ductivity in milk and meat of these farms. Watering is always available, drinkers are developed and
water comes from wells and cisterns.

According to the results of the survey, 67% of breeders are oriented towards milk production, 22%
towards the mixed type (meat-milk) and 11% are oriented towards the production of kids for fat-
tening (Fig. 2). These three production systems meet three strategies followed by breeders. The
majority of breeders (67%) raise goats for their milk. The surplus production is intended for sale.
Kids goats, are destined for the market at a very young age. On the other hand, the mixed sys-
tem farms) are interested in the two productions. In addition to milk, kids are then fattened for mar-
ket. Finally, the third system is followed by these very few breeders (11%) who raise chevons for
fattening. Often these breeders leave the milk of goats for their kids goats. They have some cows
for their own consumption of milk. This configuration of breeding strategies is also reported by
Mouhous et al., (2015) in the mountains of Kabylia (Algeria).

All the breeders feed the kids with the goats milk and 87% wean them at the age of 3-4 months.
Kids can be sold from six months old or more. The price of goat meat has been aligned with that
of sheep in the local market, which is a contribution to household cash flow.

An important demand of goat meat related to its medicinal and dietary virtues is observed. This
meat is considered as a bio product. Among the grazed species in the study area, Artemisia herba
alba, Artemisia campestris, Peganum harmala, Ziziphus lotus, Medicago arborea, may give orga-
noleptic and therapeutic qualities to local goat meat.

According to the breeders responsesm ilk production of Arabia goat breed is about 1liter to1.5 liter
per day. Produced milk quantities are low, 67% of the breeders use it for self-consumption.

Otherwise, our survey reveals that the majority of breeders do not pay fees for veterinary care of
goats.
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Fig. 2. Different Types of production (milk, meat or mixted).

IV — Conclusion

The study leads to several results: Farming conditions are often difficult and technical supervision
is often weak in traditional farms, which explain low performances. Goat farming in the study area
faces different constraints. Low rainfall, an insufficient food supply, a lack of livestock management
and extension, lack of farmer training and financial assistance for this sector make this activity less
attractive.

Low productivity could be improved by better farm management and by the use of selected
breeds with higher potential. Extension and training for better livestock management are among
the prospects to be considered. Goat farming contributes to improving household incomes and re-
ducing rural exodus. The organization of a goat sector is necessary for the sustainability of goat
farming. Several elements argue for a better profitability of this activity. Prices of meat and milk,
new consumer trends, ancestral knowledge of local farmers could enhance the profitability of this
sector. Goat called poor’s cow could someday become rich’s cow.
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Abstract. In contrast to most Aegean islands, Lemnos (482 km?, Northeast-Aegean) is characterized by non-
calcareous sandstones, marls and alluvial deposits. Prevailing land use is agriculture, chiefly for fodder pro-
duction for sheep and goat husbandry. Apart from local cereal crop production, the animals depend on the
island’s rough grazing lands. In the project Terra Lemnia, we attempt to relate land-use systems, vegetation
types and biodiversity patterns. In a first step, we collected a sample of 19 plot-based vegetation records of
100 m? each. We found chiefly three main land-cover types: (1) Low-shrub formation (phrygana) dominated
by Sarcopoterium spinosum; (2) Low-growing dense-sward formation of perennial and annual grasses and
herbs; (3) Heavily trampled and overgrazed patches dominated by unpalatable ruderal plants. Sarcopoterium
phrygana (12 plots studied) comprise on average 62.3 vascular plant species per plot, low-growing dense
swards (5 plots) 57.3 species. With up to 10 % (and sometimes more) of the island’s known species pool rep-
resented in a single 100 m? plot, the phrygana and the low-sward rangelands of Lemnos have an extremely
high alpha and moderate beta and gamma diversities. Patches of ruderal plants are rich in large flowers and
inflorescences and have often long flowering periods (April-July). They thus attract numerous pollinators and
other arthropods, and contribute quite essentially to the biodiversity richness of the island.

Keywords. Aegean islands — Grazing — Land-cover types — Phrygana — Rangeland diversity.

Biodiversité et conditions écologiques des parcours pour le systéme d’élevage local de Lemnos (Gréce)

Résumé. Contrairement & la plupart des iles de la mer Egée, Lemnos (482 km?, nord-est de la mer Egée) est
caractérisée par des gres, des marnes et des alluvions non calcaires. L’agriculture est I'utilisation prédominante
des terres, principalement pour la production de fourrage destiné a I'élevage des ovins et des caprins. Outre
la production céréaliére locale, les animaux dépendent des péturages de l'ile. Dans le projet Terra Lemnia, nous
essayons de relier les systemes d'’utilisation des terres, les types de végétation et les schémas de biodiver-
sité. Dans un premier temps, nous avons collecté un échantillon sur 19 enregistrements de végétation basés
sur des parcelles de 100 m? chacun. Nous avons principalement trouvé trois types de couverture terrestre: (1)
La formation d’ arbustes bas (phrygana) dominée par Sarcopoterium spinosum; (2) La formation a croissance
lente et dense de graminées et de plantes herbacées vivaces et annuelles; (3) Des parcelles fortement piéti-
nées et surpéturées dominées par des plantes rudérales désagréables. Sarcopoterium phrygana (12 parcelles
étudiées) comprend en moyenne 62,3 especes de plantes vasculaires par parcelle, des prairies denses a crois-
sance faible (5 parcelles) de 57,3 especes. Avec un maximum de 10% (et parfois plus) du pool d’espéces
connues de I'ile représentées dans une seule parcelle de 100 m? les prairies de phrygana et de péturages a
faible altitude de Lemnos présentent une diversité extrémement élevée en alpha et des niveaux en béta et
gamma modérés. Les parcelles de plantes rudérales sont riches en grandes fleurs et inflorescences et ont sou-
vent de longues périodes de floraison (avril a juillet). Elles attirent ainsi de nombreux pollinisateurs et autres
arthropodes et contribuent de maniere essentielle a la richesse de la biodiversité de Iile.

Mots-clés. lles de la mer Egée — Péturage — Types de couverture végétale — Phrygana — Diversité des péaturages.
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| — Introduction

Lemnos (Greece) is a North Aegean island, which shows a distinctive cultural, biogeographical and
ecological character. It is the southernmost of the larger islands in the North Aegean and is well
isolated from the neighbouring islands of Lesvos, Samothraki and Imbros. In contrast to most typ-
ical Aegean islands, Lemnos is characterized by gentle slopes, wetlands and a long coastline con-
tributing to the formation of an extensive net of freshwater and brackish marsh formations espe-
cially in the eastern part. Unlike other large Aegean islands, Lemnos is hilly rather than mountainous
(maximum 429 m a.s.l.). This gentle topography is mainly due to the absence of calcareous rocky
landscapes and to the prevalence of volcanic, molasse (sandstones, marls) and psammitic rock
formations on most of the island (Davis, 1959). The climate of the area is subhumid or almost semi-
arid, with a mean annual precipitation of c. 500 mm. Frequent winds, blowing mainly from N or NE,
contribute to the dry climate of the island.

The island of Lemnos conserves a high-level ecological value, based on a variety of natural vege-
tation formations but chiefly on human-made habitat types such as of arable and pastoral farmland.
Cultivated crops include wheat, barley, grapes, cotton and sesame. The cereals are chiefly for fod-
der production. In Lemnos the main domestic grazing animals are sheep and goats. There are ap-
proximately 80,000 sheep and 12,000 goats that depend on the island’s cereal crop production and
on its rough pasturelands and low shrublands (phrygana). The type of grazer, its numbers and plant
selectivity are important factors for floristic composition and patterns. Local breeds of sheep and
goats, still extant in small populations on Lemnos and better adapted to the local climate and rough
grazing conditions, range long distances and exert lower grazing pressure than imported breeds.

In the framework of the “Terra Lemnia” project supported by the “MAVA Foundation for Nature”, our
objective was to examine the status of biodiversity, in particular plant species composition and rich-
ness, and to assess the impacts of different land use, as a basis for establishing a system of ef-
fectively monitoring the impact (success) of all activities on biodiversity using bio-indicator species.

Il — Methods

During April-May 2018, field work and collection of baseline data on the current status of biodiversity
has been conducted on agro-pastoral land of selected rangeland areas of the island, including
rangelands of the Natura 2000 site GR4110006 (Chortarolimni, wider area of Lake Alyki and Fakos
Peninsula).

In the four broader study areas of Vigla, Fakos, [faisteia, Poliochni-Fisini, plus a fifth one in the com-
munal farm ‘Metropolis’, 19 plots were studied in greater detail. Work was carried out in the selected
sites by a team of experts and comprised plot sampling in rangelands of mainly phryganic and herba-
ceous plant communities. We collected plant specimens and completed floristic and vegetation sam-
pling, using the method of Braun-Blanquet (1928), in similar rectangular plots of 10x10 m2 as the
other project collaborators were recording crop landraces, forage and fodder crops, birds and ben-
eficial insects.

The 19 plots were delineated within semi-natural vegetation (rangeland). For these plots information
concerning: (i) grazing intensity (high / medium / low / no grazing — abandoned) and (ii) grazing
animal type (sheep, goats, both / local breeds or not), has been added.

Ill — Results and discussion

Preliminary results of this first fieldwork in 2018 included records of 285 species (including four on
genera level) (Table 1). Some of the plants like Elytrigia obtusiflora, Lotus hispidus, Medicago coro-
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nata, Trifolium nigrescens, Trifolium tenuifolium and Vicia parviflora were discovered for the first
time on Lemnos Island. A taxonomic analysis shows that the recorded plant taxa belong to 32 plant
families and 180 genera. The ten most common plant families are: Fabaceae (22%), Asteraceae
(19%), Poaceae (14%), Caryophyllaceae (7%), Brassicaceae (5%), Lamiaceae (4%), Apiaceae
(3%), Boraginaceae (2%), Euphorbiaceae (2%), Geraniaceae (2%) and Orchidaceae (2%). It is
noteworthy that (i) the three first families, Fabaceae, Asteraceae and Poaceae represent 55% of
the total flora registered and (ii) about 62% of the plant taxa are plants with annual or biennial life
cycle (annuals, therophytes) and 38% perennials.

We found basically two types of rangeland on Lemnos: (i) Phrygana (low shrubland) dominated by
Sarcopoterium spinosum of the phytosociological alliance Hyperico olympici-Cistion cretici was found
widespread and chiefly on soils derived from weathered molasse; in places it occurs as successional
stage on abandoned agricultural land; and (ii) more or less dense swards of herb-rich grasslands
of the phytosociological order Poetalia bulbosae, that are common mainly on shallow soils over old
volcanic (andesite) rocks. Both phrygana and herb-grasslands are very species-rich (62.3 and 57.3
species per 100 m? respectively) and especially rich in annual plants (thereophytes) (Table 1).

The very high percentage of therophytes is typical of Mediterranean phryganic and herbaceous veg-
etation (Panitsa et al., 2003). Rauh (1949) and Browicz (1991) pointed out that the inhabitants ‘brought
lowlands and moderate slopes under cultivation and allowed steeper slopes to be overgrazed by
sheep and goats’. High percentages of therophytes and especially of annual leguminous species are
indicators of long-term but moderate human interference in many Mediterranean rangeland ecosys-
tems (Arianoutsou and Margaris 1981, Barbero et al., 1990, Panitsa et al., 2003). In Lemnos island,
leguminous species contribute 17% on all recorded plant taxa and 21% of the therophytes.

Table 1. The ten most common plant species on the plots (n=19) including information to plant
family and life form

Scientific name Plant Family Life form Plot records
Sherardia arvensis Rubiaceae Therophyte 17
Trifolium campestre* Fabaceae Therophyte 16
Cerastium glomeratum Caryphylloceae Therophyte 14
Tordylium apulum* Apiaceae Therophyte 13
Leontodon tuberosus* Asteraceae Hemicryptophyte 13
Eryngium campestre* Apiaceae Hemicryptophyte 13
Dactylis glomerata Poaceae Hemicryptophyte 13
Hymenocarpos circinnatus* Fabaceae Therophyte 12
Galium aparine* Rubiaceae Therophyte 12
Carlina corymbosa* Asteraceae Hemicryptophyte 12

*Insect-pollinated species.

Athird land-cover type of rangelands comprises ruderalized patches of heavily trampled and over-
grazed sites dominated by unpalatable plants such as Asphodelus ramosus, Ballota acetabulosa,
Euphorbia characias along with various thistles. Patches of these ruderal plants have usually lower
species diversity than the other formations but are rich in large flowers and inflorescences and have
often longer flowering periods (April-July). In this long time interval, they thus attract numerous pol-
linators and other arthropods and contribute quite essentially to the richness of the island’s faunal
and floral diversity.

Such enormous variation in rangeland appearance and diversity reflected abiotic effects as well
as differences in grazing intensity in different rangeland sample plots and areas, sometimes cur-
rent land use intensity, sometimes the heritage of former locally overly high stocking densities. Our
preliminary results revealed that such intensity-dependent patterns may be found within a single
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sample area or even farming unit, where overgrazed rangelands next to former or extant farmsteads
and lairs being dominated by unpalatable plants such as Asphodelus ramosus, and Sarcopoterium
spinosum rangelands (‘phrygana’) widespread in the surroundings. Long-term abandonment of
rangelands appears to lead to a denser subshrub (and shrub) canopy and to a lower proportion
of annual plants, a process resulting in a net loss of species density.

IV — Conclusions

The Terra Lemnia project seeks to develop scientifically solid, yet practical, guidelines for biodiver-
sity friendly, low input, farming methods in Lemnos, building on good practices already found in the
island today. Fieldwork in 2018 has shown that such methods may also be economically viable —
and farmers can acknowledge this, a fact that leaves room for optimism that the diversity of Lemn-
ian pastoral and agroecosystems can indeed be maintained and even enhanced.
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Caractéristiques de production de I’élevage ovin
dans la région semi-aride de Sidi Bouzid
en Tunisie

H. Hamdi, B. Said, K. Kraiem and L. Majdoub-Mathlouthi
University of Sousse, High Agronomic Institute of Chott-Mariem, BP 47, 4042, Sousse (Tunisia)

Résumé. Sidi Bouzid est une région semi-aride spécialisée dans I'élevage ovin. Le présent travail vise a
caractériser les systémes de production ovine dans cette région. Une enquéte a été menée sur un échan-
tillon de 111 éleveurs des ovins. Les résultats obtenus ont montré que pour la majorité des éleveurs enqué-
tés (94,5%), I'agriculture est I'activité principale et la source de leurs revenus. Les éleveurs dont la superfi-
cie agricole est inférieure a 10 ha représentent environ 45,4% et 9,1% n’ont pas de superficie agricole (sans
terre). L'élevage ovin est soit pratiqué seul (42,7%), soit associé a I'élevage caprin (31,8%) ou bovin (20,9%),
soit associé au deux a la fois. Les deux tiers des exploitants ont moins de 10 brebis, et prés de 30% avec
un effectif inférieur a 50 brebis. La Barbarine et la Queue Fine de I'Ouest sont les races ovines les plus domi-
nantes avec 53,8% et 44,8%, respectivement. 76,4% des agriculteurs utilisent les ressources pastorales pour
nourrir leurs animaux. La transhumance est devenue rare et concerne seulement 21% des troupeaux visités.
Les ressources alimentaires alternatives utilisées sont: foin d’avoine (61,8%), paille (34,5%), grignons
d'olives (53,6%), orge en vert (11%), cactus (28,2%) et son de blé (42%). En ce qui concerne les agneaux,
la période d’allaitement a été en moyenne de 4,87 + 1,4 mois. La majorité des agriculteurs (67,3%) vendent
les agneaux a un age de 6 mois, seulement 32,7% vendent les agneaux aprées une période d’engraissement
(plus de 6 mois). Les agneaux sont vendus a un 4ge moyen de 10,6 + 6 mois et & un poids moyen de 29,8
+ 11,2 kg. Le foin, la paille, le grain d’orge et le concentré commercial ont essentiellement été utilisés pour
engraisser les agneaux, et le paturage est modestement utilisé (23%).

Mots-clés. Elevage ovin — Systéme de production — Alimentation — Ressources pastorales — Semi-arides.

Production characteristics of sheep farming in the semi-arid region of Sidi Bouzid, Tunisia

Abstract. Sidi Bouzid is a semi-arid region specialized in sheep farming. The present work aims to characterize
sheep production systems in this region. A survey was conducted on a sample of 111 sheep farmers. The results
showed that for the majority of farmers surveyed (94.5%) agriculture was the main activity and the source of their
income. Farmers with agricultural area less than 10 ha represent about 45.4% and 9.1% did not have any agri-
cultural area (without land). Sheep farming is either practiced alone (42.7%) or associated with goat (31.8%) or
cattle (20.9%) farming or associated to both. Two-thirds of the farmers had less than 10 ewes, of which almost
30% have a yield of less than 50 ewes. The Barbarine and Queue Fine de I'Ouest breeds was the most domi-
nant sheep with 53.8% and 44.8%, respectively. Pastoral resources were used by 76.4% of farmers to feed their
animals. Transhumance has become scarce and affects only 21% of the visited flocks. Alternative food resources
were also used: such as oat hay (61.8%), straw (34.5%), olive cake (563.6%), green barley (11%), cactus (28.2%)
and wheat bran (42%). For lambs, suckling period averaged 4.87+1.4 months. The majority of farmers (67.3%)
sell lambs at 6 months old and only 32.7% sell lambs after a fattening period (more than 6 months). Lambs were
sold at an average age of 10.6x6 months and at a weight of 29.8+11.2 kg. Hay oat, straw, barley grain and com-
mercial concentrate were essentially used to fatten lambs and pasture was moderately used (23%).

Keywords. Sheep farming — Production system — Feeding — Pastoral resources — Semi-arid.
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| — Introduction

L'élevage ovin en Tunisie joue un réle important aussi bien dans I'’économie nationale que pour la
population rurale. Ainsi, I'élevage ovin est une activité largement pratiquée et représente une source
de revenu pour de nombreuses familles voir méme pour des régions entieres. En effet, sur 515 880
exploitants, 274 000 éléevent des ovins soit 53,11% des exploitations agricoles (Mohamed-Brahmi et
al., 2010). En plus, La production de viande ovine représente en moyenne 40 a 45% de la produc-
tion de viande rouge soit 25% de la production totale de la viande (GIVLait, 2017). D’autre part, plus
que trois quarts du cheptel ovin est détenue par des exploitations de petite taille (superficie inférieure
a 20 ha) et situées dans les zones semi-arides et arides (Mohamed-Brahmi et al., 2010).

La viande d’agneau de Sidi Bouzid est la plus appréciée et préférée par le consommateur tunisien,
surtout pour la féte de I'Aid El Kébir, en raison de sa qualité supérieure et sa valeur santé. L'élevage
ovin est fortement ancré dans les traditions de cette région et il est basé essentiellement sur I'ex-
ploitation des parcours naturels. Toutefois, courant ces derniéres décennies, cet élevage a connu une
mutation profonde suite a la transformation des parcours en périmetres irriguées et aux changements
climatiques (Atti, 2011, Ben Salem, 2011). Les systémes de production de 'agneau se sont orientés
vers un engraissement des agneaux en bergerie avec du foin et de 'aliment concentré, ce qui a conduit
a la perte de la particularité de I'élevage ovin dans cette région. Alors, pour une gestion raisonnée de
I'avenir de I'élevage ovin dans cette région, une caractérisation des nouveaux systemes d’élevage
ovins est indispensable pour mieux identifier et valoriser ses systemes de production. L'objectif de ce
travail est ainsi de caractériser les systemes d’élevage ovins dans la région de Sidi Bouzid.

Il — Matériel et méthodes

Dans le but d’identifier et constituer une base de données sur les systémes d’élevage ovin dans
la région de Sidi Bouzid, une enquéte a été réalisée aupres d’'un échantillon de 111 éleveurs re-
partis sur 11 délégations (Tableau 1) en collaboration avec I'Office d’élevage et des paturages
(OEP) et la Cellule territoriale de vulgarisation (CTV) du Gouvernorat de Sidi Bouzid. Les élevages
ont été choisis sur la base de localisation géographique, de I'importance de I'activité ovine dans
la délégation et de la réceptivité des éleveurs. Le questionnaire de I'enquéte vise a recueillir des
informations sur: (i) IL'identification de I'exploitant (age, niveau d’instruction, activité principale...) ;
(ii) la typologie de I'exploitation (superficie, ancienneté, activité agricole...) ; et (iii) les caractéris-
tiques de I'élevage (effectif, race, alimentation, ligne de conduite...).

Tableau 1. Répartition des éleveurs enquétés par délégation

Délégation Nombre d’éleveurs
Sidi Bouzid (Est et Ouest)
Awled Hafouz

Jelma

Essabala

Ben Aoun

Bir El Haffey

Regueb

Maknassi

Manzel Bouzaiane
Essouk Jedid

El Mazouna

N
w

N

© N0 0w N
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Ill - Résultats et discussion

Les caractéristiques générales des exploitations sont récapitulées dans le Tableau 2. Le dépouil-
lement des données de I'enquéte nous permet de dégager les résultats suivants :

1. Identification des exploitants

Selon l'activité principale des éleveurs enquétés, deux grandes catégories sont distinguées. Une
premiéere catégorie d’éleveurs (94,5%) pour lesquels I'élevage constitue la source principale de re-
venus. Une seconde catégorie d’éleveurs (5,5%) pour lesquels I'élevage ovin constitue un mode
d’épargne et non pas une source principale de revenus. La répartition des éleveurs selon 'age mon-
tre que 80% des éleveurs visités ont un age supérieur a 40 ans et que la moyenne d’age est de
53,05 £14,92 ans avec un minimum de 22 ans et un maximum de 91 ans. Concernant le niveau
d’instruction, la majorité des éleveurs (80%) n'ont pas dépassé le niveau primaire alors que le ni-
veau supérieur ne représente que 2%. Alors, on constate que le niveau d’instruction de la plupart
des éleveurs est faible ne permettant pas une bonne technicité pour pouvoir réussir la conduite
du troupeau ovin. Le Tableau 2 indique également qu’environ 78% des éleveurs visités ont une
ancienneté dans I'élevage ovin qui dépasse 15 ans, ceci constitue un avantage pour les exploi-
tants qui semblent hériter I'activité d’élevage ovin de pére en fils et qui ont probablement de I'ex-
périence qui leur permet de résoudre et de prendre les bonnes décisions afin de réussir leur éle-
vage. Les éleveurs visités sont classés en trois groupes selon leurs activités : des naisseurs
(56,36%), des naisseurs-engraisseurs (39,09) et le reste des engraisseurs (4,55%).

Tableau 2. Caractéristiques des exploitants et des exploitations visités

Identification des exploitants

Classe d’age des exploitants <40 ans 40-60 ans > 60 ans
20% 47.27% 32,73%
Niveau dinstruction Analphabéte  Primaire Secondaire Supérieur
36% 46% 16% 2%
Classe d’ancienneté <5ans 5-10 ans 10-15 ans > 15 ans
4,5% 7,3% 10% 78,2%
Identification des exploitations
Superficie agricole utile Oha <10 ha 10-50 ha > 50 ha
9,1% 45,4% 26,4% 19,1%
Type d'élevage pratiqué Ovin Qvin+caprin ~ Ovin +bovin ~ Ovin+caprin+bovin
42,73% 31,91% 20,91% 4,55%
Races ovines élevées Barbarine Queue Fine de I'Ouest Croisée
53,8% 44,8% 53,8%
. . s <50 50-100 100-150 > 150
Taille du troupeau ovin (Unité femelle) 2025% 36.79% 13.21% 20.75%

2. ldentification des exploitations

L’élevage ovin est pratiqué par des petits et moyens exploitants. En effet, environ la moitié des éle-
veurs visités ont une superficie agricole inférieure a 10 ha et 29,3% des éleveurs ont moins de 50
brebis. Alors que seulement 21% des éleveurs détiennent plus que 150 brebis. En plus, un dixiéme
des éleveurs n’ont pas de terre et n'ont pas accés au parcours. Pour cette derniére classe, la dis-
ponibilité des ressources alimentaires est dépendante du marché. Par ailleurs, ceci représente une
contrainte pour le développement et la durabilité du secteur de I'élevage ovin dans cette région. Gé-
néralement, I'élevage ovin est pratiqué soit seul (43%), soit associé a un élevage caprin (31,8%) ou
a un élevage bovin (21%) soit associé aux deux élevages a la fois. Quant aux races ovines élevées,
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la race Barbarine est la plus dominante avec 53,8% contre 44,8% pour la Queue Fine de I'Ouest et
1,4% pour les races croisées. Ceci indique que la tendance de substitution de la Barbarine par la
queue fine de 'Ouest s’est étendue au gouvernorat de Sidi Bouzid probablement en raison de cer-
taines préférences des consommateurs pour une carcasse maigre et surtout sans queue grasse.

3. Ligne de conduite

Les troupeaux d’ovins sont conduits en systéme d’élevage basé essentiellement sur le paturage, ca-
ractérisé par des rations constituées de parcours naturels, foin, chaumes, résidus de récolte et de ver-
dure (orge en vert, avoine), avec une variabilité importante dans la nature de des ressources alimen-
taires en fonction de l'activité principale de I'exploitation. De méme, la transhumance a perdu de son
importance et ne touche que 21% des troupeaux de la région. Par ailleurs, des ressources alimentaires
alternatives sont utilisées : foin (61,8%), paille (34,5%), grignons d'olive (53,6%), orge en vert (11%), cac-
tus (28,2%), son de blé (42%).La lutte continue est pratiquée par la moitié (51,8%) des éleveurs, alors
que la lutte contre saison (printemps) est pratiquée par 40% des éleveurs. Leffet bélier n'est pratiqué
que dans les troupeaux de grande taille. Seule une minorité (8%) pratique la lutte de saison (automne).

En ce qui concerne les agneaux, la période d’allaitement est en moyenne de 4,87 + 1,4 mois. A
cause de la sécheresse et de la hausse des prix des céréales, la majorité des éleveurs (67,3%)
vendent leurs agneaux a un age de 6 mois, 20,9% vendent leurs agneaux entre 6 et 12 mois, alors
qu’un faible pourcentage des éleveurs (11,8%) éléve les agneaux plus qu’un an. Les éleveurs qui
utilisent les ressources pastorales pour I'alimentation de leurs troupeaux représentent 76,4%. Par
ailleurs, pendant la période d’engraissement, le paturage est peu utilisé (23%), alors que d’autres
ressources sont utilisées comme le foin (63,5%), la paille (9,6%), I'orge grain (44,5%) et le
concentré d’engraissement (27%).

IV — Conclusions

L’élevage ovin dans la région de Sidi Bouzid est pratiqué par des petits et moyens exploitants as-
sez agés et ayant une expérience acceptable. Par ailleurs, 'engraissement des ovins est carac-
térisé par un apport de quantités importantes d’aliment concentré. Cependant, le colt de production
en bergerie est élevé, d’ou I'importance de trouver des produits de substitution particulierement
des sources locales d’azote pour remplacer les matieres premieres importées d’une part. D’autre
part, il est nécessaire d’améliorer la gestion des parcours naturels dans le but de préserver un pro-
duit de qualité dans de nouveaux systémes de production.
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Analyse typologique des transhumances ovines
de la région de Djelfa : Quel type pour quel avenir
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Résumé. La transhumance constitue une pratique courante de I'élevage ovin agropastoral. Elle permet I'accés
a des patures supplémentaires. Toutefois, cette pratique qui contribue a I'équilibre des systémes alimentaires
connait des difficultés. Pour se maintenir, elle diversifie ses stratégies de mobilité. Notre questionnement porte
sur les circuits, orientions et saisonnalités des déplacements actuels (ou néo-transhumances). Pour se saisir
de cette réalité nous avons eu recours aux données spatiotemporelles de différentes institutions (Ministére de
I’Agriculture, Commissariat aux steppes etc.) et de données de 30 enquétes participatives aupres des éleveurs
transhumants de la région de Djelfa. Les résultats de nos études ont mis en évidence 5 types de transhumance :
continue (6 % de I'effectif total mobile), intracommunautaire (43 %), d’hiver (20 %), d’été (16 %), et tradition-
nelle (14 %). Ces déplacements permettent d’assurer 25 a 55 % de la couverture fourragére pour les animaux.
Les agropasteurs adaptent sans cesse leurs orientations/circuits. Cependant, la réduction des espaces pasto-
raux et les incertitudes climatiques rendent la transhumance vulnérable. Une harmonisation d’intéréts divers et
de régulation des accés aux ressources pourrait potentialiser ces mobilités.

Mots-clés. Systéme d’élevage ovin — Transhumance — Gouvernance — Contribution — Steppe.

Transhumance agropastoralists in sheep of Djelfa. What type for what future?

Abstract. Transhumance is a common practice in agropastoral sheep farming. It provides access to additional
pastures. However, this practice, which contributes to the balance of food systems, is experiencing difficulties.
To maintain itself, it is diversifying its mobility strategies. Our questioning concerns the circuits, orientations and
seasonality of current movements (or neo-transhumances). To address this reality, we used spatiotemporal data
from different institutions (Ministry of Agriculture, Steppe Commission, etc.) and data from 30 participatory sur-
veys among transhumant livestock farmers in the Djelfa region. The results of our studies highlighted 5 types
of transhumance: continuous (6% of the total mobile workforce), intra-community (43%), winter (20%), sum-
mer (16%), and traditional (14%). These movements make it possible to provide 25 to 55% of the forage cover
for animals. Agropastoralists are constantly adapting their orientations/circuits. However, the reduction of pas-
toral areas and climatic uncertainties make transhumance vulnerable. Harmonisation of various interests and
the regulation of access to resources could potentiate these mobilities.

Keywords. Sheep rearing system — Transhumance — Governance — Contribution — Steppe.

| — Introduction

L'agropastoralisme steppique semblait s’étre fortement sédentarité et la pratique de la transhu-
mance diminuer d’aprés de nombreuses observations (Benchérif, 2018). Pourtant, au cceur de la
steppe environ 40 a 70 % des ovins transhument (selon les régions). L'émergence des logements
en dur a généré des confusions (Bourbouze, 2018). Certes une partie de la famille reste toute I'an-
née dans ces logements, mais une partie des adultes assurent les mobilités. Il est fréquent de voir
rester les grands parents et les jeunes scolarisés. L'accés a des ressources par des néo-tran-
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shumances apparait indispensable pour bon nombre d’élevage ovin. Ce secteur conserve un poids
essentiel pour I'économie nationale. 80 % de I'effectif national se trouve dans les steppes avec plus
de 27 millions de tétes (Kanoun, 2016). La pratique de la mobilité permet aux éleveurs de gérer
des déséquilibres saisonniers et interannuels. Selon Thébaud et al. (2018), “la mobilité permet de
maintenir le capital reproducteur et de renforcer sa résilience en situation de crise”. Elle rencon-
tre toutefois des adversités qui se conjuguent : i) 'organisation socioéconomique a changé, déja
par le recours aux bétailleres ; ii) les regles d’accés aux paturages de transhumances ont évolué ;
les parcours sont altérés ; etc. En conséquence, la viabilité de cette pratique se pose (Hirche et al.,
2007 ; Aidoud et al., 2011). Afin de saisir leur niveau de fragilité, nous avons cerné leur organisa-
tion spatiotemporelle par une approche multidisciplinaire. Nos études portent sur le redéploiement
des mobilités selon leurs contraintes entre 2001 et 2015. Nous avons commencé par caractériser
les formes de mobilités.

Il - Méthodologie et sources utilisées

Le travail de recherche s’est basé : (i) sur des données spatiotemporelles issues de différentes in-
stitutions étatiques toutes chargées de la collecte d’informations sur I'élevage ; (ii) d’observations
directes et de 30 enquétes participatives (Chevalier et Buckles, 2008) aupres d’éleveurs transhu-
mants dans le territoire des Ouled Beidha de la région de Djelfa. Cette zone se caractérise par un
effectif de 3 242 760 brebis réparties dans 15 820 élevages qui pratiquent la transhumance. lls
représentent prés de 65 % des éleveurs de la région (CAD, 2017). Dans cette région la pratique
de la mobilité se maintient. Cela peut s’expliquer par : (i) des sécheresses répétitives et froids ri-
goureux en hivers au niveau des terroirs d’attaches ; (ii) I'extension des cultures sur les terres de
parcours dans ces mémes terroirs (Kanoun, 1997). Les données géographiques des mobilités ont
traité avec ArcGis afin d’obtenir des fichiers “shapefile” insérés dans le texte sous forme d’images.

Ill - Résultats et discussion

1. Evaluation des apports fourragers locaux et de transhumance

De 2001 a 2015, les ressources pastorales ne couvrent en moyenne que 44 % (c : 12) des be-
soins alimentaires des animaux (Tableau 1). La dégradation de la végétation pastorale s’avere
prononcée (Aidoud et al., 2011 ; Daoudi et al., 2015 ; Hourizi et al., 2017). Les steppes sont a
présent insuffisantes pour nourrir 'ensemble des animaux surtout en périodes hivernales et esti-
vales (HCDS, 2010). L'apport par la pature en “terroir d’attache” apporte 44 % des ressources four-
ragéres sur I'année. D’ou le recours a la pratique de la transhumance par 65 % des éleveurs de
Djelfa (CAD, 2017), qui couvre en moyenne 31 % (c : 5) de la couverture des besoins alimentaires
des animaux (Tableau 1). En conséquence, les ovins en transhumants sont complémentés.

Tableau 1. Contribution des ressources alimentaires locales et de la transhumance

2001 2002 2003 2004 2005 2006 2007 2008
Cta% 32 31 45 48 39 40 44 42
CT% 32 27 28 25 31 40 35 33
2009 2010 2011 2012 2013 2014 2015
Cta% 72 66 56 40 37 36 35
CT% 18 30 33 38 34 31 32

Source : DSA de Djelfa + Nos traitements (2016) selon méthode d’estimation de 'INRAA (Kanoun, 2016) :
(0.66 UF/téte/jour) x durée de la transhumance. Cta contribution dans le terroir d’attache ; CT contribution
pendant la transhumance.
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2. Evolution typologique de la transhumance ovine des éleveurs de Djelfa

Par le passé, la steppe constituait la seule ressource alimentaire des animaux. La transhumance
était pendulaire jusqu’aux années 1990 : I'été au Nord vers le Tell “Achaba” et I'hiver au Sud vers
le Sahara “Azzaba” (Bencherif, 2011 ; Benedir, 2015). Des facteurs ont affecté cette pratique : nou-
velles régulations fonciéres, aléas climatiques, aménagement du territoire, etc. Il en résulte a
présent des conflits d’'usages des terres (Comby, 2017). Les logiques de déplacements ont perdu
leur régularité dans le temps et I'espace (Kanoun, 2016). Les sites de transhumance dépendent
d’opportunités fourragéres et de moyens : camion, bétaillere, citerne d’eau, etc.

Les différentes transhumances ont été caractérisées grace a 30 entretiens participatifs. Des don-
nées obtenues nous avons dressé une carte (1) des itinéraires de transhumance du cheptel ovin
de la région de Djelfa et la répartition des cheptels et éleveurs des différents types de transhu-
mances (Tab. Il). Le cheptel mobile en 2015 se situait autour de 69 % de I'effectif total de la ré-
gion, soit 2 242 760 tétes (Kanoun, 2016). Le reste de I'effectif, 1 007 617 tétes, était conduit selon
un mode d’élevage sédentaire.

Tableau 2. Typologie et taille des effectifs de troupeaux ovins transhumants de Djelfa

Types Catégories Effectifs (tétes) % t ovin Rang % éleveurs
1 Transhumance pendulaire 324 276 14 4 12
2 Transhumance d'Hiver 453 986 20 2 13
3 Transhumance d'Eté 356 704 16 3 19
4 Transhumance intracommunautaire 972 828 43 1 45
5 Transhumance continue 134 966 6 5 11
Total 2242 760

Source : DSA de Djelfa + calculs 2016.

— Type 1. T. pendulaire : se caractérise par deux grands mouvements saisonniére durant I'an-
née : N & S (100 a 300 km de distance/camions). Elle rencontre des difficultés comme : i)
la dérégulation d’accés aux parcours ; ii) le convoyage et la complémentation des animaux
devenue nécessaire, etc. Elle devient vulnérable.

— Types 2. T. hivernale : Elle s’oriente vers les parcours présahariens, ou le climat est plus
clément et favorable a la période d’agnelage. Les steppes d’altitude des terroirs d’attache
connaissent des hiver froid (Salemkour et al., 2016). Ainsi, la végétation des parcours des
territoires d’attaches se repose.

— Type 3. T. estivale : est localisée au nord de la Steppe. Les patures sont composées de résidus
de cultures céréaliéres : chaumes et céréales sinistrées (Fig. 1). L'accés a ces ressources
est monétarisé et leurs prix peuvent augmenter lors de sécheresses.

— Type 4. Transhumance intracommunautaire : Elles sont de modestes amplitudes. Ce mode
de conduite concerne les terres appartenant aux différentes communautés situées dans les
steppes des terroirs d’attache. Les bergers locaux ont tendance a privilégier les déplace-
ments de faibles amplitudes. Cette pratique de mobilité s’est développée, mais elle induit
des dégradations et des conflits sur une ressource naturelle déja menacée.

— Type 5. Transhumance continue ou néo-nomadisme : La mobilité dépend des opportunités
fourragéres pastorales. Toutes les terres de parcours (méme au niveau nationale) sont des
zones d’accueil potentielles. Ces éleveurs font preuve de flexibilité relationnelle pour
s’adapter aux situations d’incertitudes. lls disposent de troupeaux de grande taille (> 300
tétes) et de moyens motorisés qui leur permet de faire face a diverses situations. Les
déplacements de courte et longue amplitudes sont 'une des caractéristiques de ce type.
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3. Appréciations sur les orientations des transhumances des agropasteurs

— Nord - sud, d’automne-hiver : de longues distances pour contourner la concurrence sur
'usage des paturages courants. En 2016 a 2019, les éleveurs de Djelfa ont été a Tindouf et
lllizi. Ces régions étaient autrefois inaccessibles aux éleveurs (manque moyens : citerne,
bétaillere, etc.). De plus, grace au téléphone les pasteurs transhumants peuvent rester informé
a distance sur : la disponibilité des ressources végétales, les cours des aliments du bétail.

— Mobilité de printemps : soit sur les parcours de Djelfa, Naama (Djebel Aissa) Bérine, M’Sila,
etc., dominés par des annuelles et des plantations pastorales (Huguenin et al., 2017) ; ou
soit dans le Tell. L'acces aux ressources est payant. Les plantes éphémeres sont tres appré-
ciées et trés appétées par les ruminants (Chehma et al., 2008).

— Mobilité d’été : longue amplitude, au nord, en régions céréaliéres ou les troupeaux paturent
les résidus de cultures (Fig. 1). Cependant, le développement de la céréaliculture en terre
steppique dans divers “terroirs d’attache” a également transformé cet espace pastoral en
sites d’accueil de transhumance durant la période estivale (Aidoud-Lounis, 1997 ; Huguenin
et al., 2015).
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Fig. 1. Itinéraires de transhumance du cheptel ovin de la région de Djelfa. (Source : INRAA Djelfa).

4. Transhumance et durabilité : quelle lecture

Nous confirmons les contraintes auxquelles les transhumances sont confrontées, notamment : La
réduction du disponible fourrager (dégradation du couvert), et la diminution des aires de paturages
en raison du développement des mises en cultures sur les terres de parcours (Bessaoud, 2013 ;
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Benedir, 2015 ; Huguenin et al., 2017). Le maintien des transhumances dépendra de 'augmen-
tions de ses charges : complémentation des animaux, colts du transport, rémunération des berg-
ers, location des chaumes et parcours (Kanoun, 2016). De plus, I'absence d’une régulation des
parcours (étatique ou associative) favorise I'insécurité fonciere et des spéculations foncieres. Cela
complexifie la gestion de la transhumance. Pour trouver des perspectives favorables, des nouvelles
formes de gouvernance collectives seraient a prospecter (Marty et Bonnet, 2006 ; IUCN, 2013).

IV — Principales conclusions et perspectives

L'étude d’un effectif de 2 242 760 tétes faisant une transhumance, nous a permis identifier 5 types
de transhumance/mobilité : continue (6 %), intracommunautaire (43 %), d’hiver (20 %), d’été (16
%), et pendulaire (14 %). L'état dégradé des parcours d’accueil oblige les éleveurs a avoir recours
a la complémentation systématique pendant la transhumance, car I'apport alimentaire des paturages
lors des transhumances ne couvre que 30 a 40 % des besoins des animaux. Pourtant elle s’avére
encore la seule fagon de mettre en valeur les vastes espaces pastoraux. Mais elle se révéle de plus
en plus vulnérable, car elle est menacée par une pression fonciére grandissante et par I'absence
d’une régulation partagée entre les différends concernés (utilisateurs, services d’'accompagnement
ou de médiation, etc.). Des modes de conduite coordonnés des transhumances qui seraient cou-
plés a des opérations de restauration/réhabilitation de certains parcours mériteraient d’étre étudiés.
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Effect of the intake of carotenoids and tocopherols
on the deposition in the suckling lamb
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Abstract. Carotenoids, present in great quantities in fresh forages, have been proposed as tracers of the
feeding system in growing lambs. The aim of this study was to assess the transfer of carotenoids and toco-
pherols from the ewes’ milk to the tissues of the suckling lambs(slaughtered at 10-12 kg LW). The intake of
carotenoids and tocopherols of the lambs was estimated from the weekly milk production and the concen-
tration of the respective analytes in milk. The content of carotenoids and tocopherolswas determined in the
subcutaneous and perirenal fat, muscle and liver of the lamb. The lambs were classified in 4 groups accord-
ing to the intake of carotenoids, retinol and tocopherol from milk.The contents of lutein and retinol in the tis-
sues increased with the intake of the respective analyte (P<0.05 to P<0.001). The intake of a-tocopherol was
reflected in deposition in the liver (P<0.001), muscle, subcutaneous fat (P<0.01) and perirenal fat (P<0.05).
However, only the contents of y-tocopherol in the subcutaneous fat were affected by the intake of the ana-
lyte, although not clearly (P<0.05). The deposition of the analytes depended on the tissue.

Keywords. Lutein — Retinol- Milk — Muscle — Fat.

Effet de I'ingestion de caroténoides et de tocophérols sur la deposition chez I'agneau de lait

Résumeé. Les caroténoides présents en grande quantité dans les fourrages frais, ont été proposés comme tra-
ceurs du systéeme d’alimentation des agneaux en croissance. L'objectif de cette étude était d’évaluer le trans-
fert de caroténoides et de tocophérols du lait de brebis vers les tissus des agneaux allaités (abattus a 10-12 kg
de poids vif). L’apport en caroténoides et en tocophérols des agneaux a été estimé a partir de la production heb-
domadaire de lait et de la concentration des analytes respectifs dans le lait. La teneur en caroténoides et en
tocophérols a été déterminée dans la graisse sous-cutanée et périrénale, le muscle et le foie de I'agneau. Les
agneaux ont été classés en 4 groupes en fonction de la consommation de caroténoides, de rétinol et de toco-
phérol du lait. La teneur en lutéine et en rétinol dans les tissus augmentait avec la prise de I'analyte respectif
(p <0,05 a p <0,001). L’apport d’o-tocophérol se reflétait dans les dépdts dans le foie (P <0,001), le muscle, la
graisse sous-cutanée (P <0,01) et la graisse périrénale (P <0,05). Cependant, seulement les teneurs en y-to-
cophérol dans le graisse sous-cutanée ont été affectés para la ingestion de y~tocophérol, mais pas clairement
(P <0,05). Le dépét des analytes dépendait du tissu.

Mots-clés. Lutéine — Rétinol — Lait — Muscle — Graisse.

| — Introduction

Reintroducing the grazing management in sheep farms increases farm self-resilience, profitabil-
ity and sustainability(Ripoll-Bosch et al., 2014), besides provides the fulfilment of the demands of
the consumers for animal products from grass-based systems, which are considered safe, natu-
ral and respectful of animal welfare (Pracheet al., 2005). The consumers, however, demand guar-
antees of the feedstuffs given to the animals, thus it is necessary to look for tools that allow trac-
ing the feeding system of animals.
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Carotenoids and liposoluble vitamins in the animal tissues have been studied to trace forage-feed-
ing in ovine (Pracheet al., 2005; Alvarez et al., 2014) as they are present in important amounts in the
green forage and can not be synthesized by animals. Carotenoids and tocopherolsin forages, which
differ among species, preservation methods and phenological stages, are transferred through the milk
to the lamb (Noziére et al., 2006). They are deposited in the lambs’ tissues, but differently depend-
ing on the tissue studied (Kasapidou et al., 2009). The aims of this study were to studythe transfer
of carotenoids and tocopherols from the ewes’ milk to the tissues of the suckling lambs.

Il — Materials and methods

The experimental and slaughter procedures were approved by the Animal Ethics Committee of the
Research Centre and met the guidelines of Directive 2010/63/EU (European Union, 2010) on the
protection of animals used for experimental and other scientific purposes.

The experiment was conducted in La Garcipollera Research Station located in the mountain area
of the Spanish Pyrenees (North-East Spain, 42° 37’ N, 0° 30’ O, 945 m a.s.l.).Thirty-nine pairs of
dams-lambs were used.Two groups of 10 suckling lambs grazed with their dams in adjacent per-
manent pastures. The remaining 19 suckling lambs were stalled indoors with their dams in 2 pens,
where pasture hay was offered to the ewes ad libitum. All the ewes received 300 g ewe™' d"! of con-
centrate (10.3 MJ Metabolisable energy kg™ 14% crude protein as fed basis). The experiment lasted
from birth until the lambs reached 10-12 kg, when they were slaughtered in the experimental abat-
toir of CITA research station.

Milk intake (Lobon et al., 2017) and the concentration of carotenoids, retinol and tocopherols in the
milk (Bertolin et al., 2018) were used to calculate the intake of carotenoids and tocopherols of the
lambs and grouped into 4 groups with increasing intakes (Class 1 to 4, in increasing order, Table 1).
Samples of the subcutaneous and perirenal fat, longissimus thoracis muscle and the liver were ob-
tained from the carcasses that had been cooled at 4 °C for 24 h in the dark. Samples were im-
mediately vacuum-packed and frozen at -80 °C. Muscle and liver samples were lyophilized. The
analytes were determined by liquid chromatography as described in Bertolin et al. (2018).
Carotenoids and retinol were detected by absorbance at 450 nm and 325 nm, respectively; and
tocopherols by fluorescence emission at A, . = 295 and A, = 330 nm. B-carotene, lutein, retinol
and tocopherols were identified by comparison of their retention times and spectral analyses and
were quantified by external calibration with those pure standards.

Table 1. Intake of lutein, retinol and tocopherols according to the category

1 2 3 4 s.e. P-value
n 10 10 10 9
Lutein, ng 16d 118¢ 344b 6152 14.8 0.001
Retinol, mg 2d 3¢ 5b 92 0.19 0.001
o-tocopherol, mg od 17¢ 24b 362 0.7 0.001

y-tocopherol, mg 0.64 0.9¢ 1.2b 1.92 0.04 0.001
Within a line, means with different letter differ at P<0.05.

Data were analyzed using the SAS statistical software (SAS V.9.3). Normality of the residues of
the contents was verified except for of a-tocopherol in the muscle and the contents of y-tocopherol
in the liver and perirenal fat. For these analytes, means were compared with the Kruskal-Wallis
non-parametric test of the NPAR1-WAY procedure.The contents with normal distribution of the
residues were tested by ANOVA using the GLM procedure of SAS with the group of intake as fixed
effect. Least square means and their associated standard errors were estimated. For all tests, the
level of significance was set at 0.05. Trends were discussed when P-values were < 0.10.
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Il — Results and discussion

The intake of lutein, retinol and o— and —tocopherol of the lambs differed among the groups (Table 1).
Lutein content in the liver and muscle increased according to the intake (P<0.001) (Fig. 1). It can
be hypothesized that the lambs in the current experiment were too young to deposit detectable
amounts of lutein in the fat as detected in fattened lambs (Prache et al., 2003). Lambs grouped in
Class 1 and 2, with low intake, presented similar contents in the liver and muscle but lower than
the lambsin Class 3 and 4 (P<0.05). Similarly, the content of retinol in the liver (P<0.05), muscle
and both fat tissues (P<0.01) increased with retinol intake. However, the contents only differed be-
tween Class 1 and Class 4 (P<0.05).
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Fig. 1. Effect of the intake on the deposition of the analyte in tissues of the suckling lamb. Within a tissue,
means with different letter differ at P<0.05.

The increase of o-tocopherol intakewas reflected in the liver (P<0.001), muscle (P<0.01), perire-
nal fat (P<0.05) and subcutaneous fat (P<0.01) (Fig. 2). Similarly, vitamin E supplementation of dif-
ferent forms in the diet increased a-tocopherol content in adipose tissue (Kasapidou et al., 2009).
However, the increase in the intake of y-tocopherol was onlyreflected in subcutaneous fat (P<0.05).
The absence of a clear effect of the intake on the contents of y-tocopherol could be related to a
loss of y-tocopherol apparently due to discrimination by the liver, although the absorption of a—and
y-tocopherol is similar (Debier and Larondelle, 2005). Then, it is more difficult to modify the con-
tent of y-tocopherol than that of a-tocopherol through the diet.
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Fig. 2. Effect of a— and y-tocopherol intake on the deposition of the analyte in tissues of the suckling
lamb. Within a tissue, means with different letter differ at P<0.05.
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IV — Conclusions

In conclusion, the contents of retinol, lutein and o-tocopherol in the tissues of the suckling lamb
respond differently to the intake of the respective analytes. The contents of y-tocopherol are diffi-
cult to modify with low intakes of the analyte.
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Preservation of microbiological and sensory
quality of sheep meat using pomegranate
bark extracts
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Abstract. Fresh meat is a sensitive and unstable product over time due to its composition and physicoche-
mical characteristics (pH and aw). The length of storage time depends on temperature, atmospheric oxygen,
endogenous enzymes, humidity, light and, above all, the microorganisms initially present. The challenge of
preserving meat dates back to antiquity and has now intensified with the industrialization of meat products.
Thus, in this work, we studied the conservation of meat by pomegranate bark extract to extend meat storage
time, which may be a promising way to promote this coproduct of pomegranate in meat industry. We evalu-
ated the effect of pomegranate bark extract on the growth of microorganisms naturally present in sheep meat.
We carried out the microbial germ count by the decimal dilution method. We performed successive dilutions
of the sample in sterile physiological water. Then, we evaluated total aerobic mesophilic flora (TAMF) and
total coliforms (TC) The treated meat with three concentration of extracts (50-25-0.12 mg /ml) were stored at
4°C. Then, we monitored the physicochemical and microbiological modification during 12 days of conserva-
tion. The results show that the microbial kinetics of the strains were significantly affected by pomegranate
bark extract especially with high concentration (C1 = 50 mg/ml). A significant increase in UFC (colony-form-
ing unit) over time was observed in the untreated meat. In conclusion, pomegranate bark extract has a pre-
servative effect against microbial alteration of raw sheep meat.

Keywords. Pomegranate bark — Sheep meat — Conservation — Microbial alteration.

Préservation de la qualité microbiologique et sensorielle de la viande de mouton par I'utilisation des
extraits d’écorces de grenade

Résumé. La viande fraiche est un produit sensible et instable dans le temps en raison de sa composition et de
ses caractéristiques physico-chimiques (pH et aw). La durée de conservation dépend de la température, de I'oxy-
géne atmosphérique, des enzymes endogenes, de 'humidité, de la lumiére et, surtout, des micro-organismes
présents au départ. Le défi de la conservation de la viande remonte a I’Antiquité et s’est intensifié avec l'indus-
trialisation des produits carnés. Ainsi, dans ce travail, nous avons étudié la conservation de la viande par I'ex-
trait d’écorce de grenade afin de prolonger la durée de conservation de la viande, ce qui pourrait étre un moyen
prometteur de promouvoir ce coproduit de grenade dans l'industrie de la viande. L’effet de I'extrait d’écorce de
grenade sur la croissance de micro-organismes naturellement présents dans la viande de mouton a été évalué.
Les caractéristiques des écorces de grenadier ainsi que la charge microbienne notamment, la flore mésophile
aérobie totale (TAMF) et les coliformes totaux (CT) ont été évalués. La viande traitée avec trois concentrations
d’extraits (50-25-0,12 mg / ml) a été stockée a 4 ° C. Le suivi des échantillons a été effectué pendant 12 jours
de conservation. Les résultats montrent que I'extrait d’écorce de grenade a un effet important sur la cinétique mi-
crobienne des souches, en particulier a forte concentration (C1= 50 mg / ml). Une augmentation significative de
I'UFC (unité formant des colonies) au fil du temps est observée en I'absence de I'extrait. En conclusion, I'extrait
d’écorce de grenade a un effet retardateur d’altération microbienne de la viande de mouton crue.

Mots-clés. Ecorce de grenade — Viande de mouton — Conservation — Altération microbienne.
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| — Introduction

Fresh meat is a highly perishable product due to its biological composition. Many interrelated fac-
tors influence the shelf life and freshness of meat such as holding temperature, atmospheric oxy-
gen, endogenous enzymes, moisture, light and most importantly, microorganisms. With the increa-
sed demand for high quality, convenience, safety, fresh appearance and an extended shelf life in
fresh meat products, alternative non-thermal preservation technologies such as natural biopreser-
vatives are highly demanded.

Furthermore, several works carried out on pomegranate bark has proven its antimicrobial, antio-
xidant, anti-carcinogenic (Al-Saeed et al., 2015), antiseptic and antifungal activities (Kanoun, 2004).
However, the exploitation of this antioxidant and antibacterial potential in the agri-food sector re-
mains unknown and very limited. Thus, we have been interested in studying the conservation of
meat by pomegranate bark extract to extend meat storage time, which may be a promising way
to promote this coproduct in meat industry.

Il — Materials and methods

The pomegranate fruit is the Sefri variety. This fruit was collected from the region of Ouled Abdel-
lah of Beni Mellal. The barks were dried in an oven at 60°C for 24 hours. Subsequently, we crushed
them with a food grinder. The particle size is less than 0.25 mm.

The preparation of the aqueous extract of pomegranate bark was carried out by the infusion
method. Several concentrations were prepared from the powder obtained (50-25-0.12 mg /ml) in
boiling water, macerated for 2 hours under stirring, the samples were then filtered (filter porosity:
0.22 um) and the filtrates stored at 4°C.The chemical characteristics of bark powder extracts: pH,
titratable acidity, ash content and soluble solidity rate as well as colour and total polyphenols.

The sheep meat is provided by Deroua Research Station of the national institute of agronomical re-
search (INRA-CRRAT), located in Beni Mellal, Morocco. The ram is of the boujadd breed. Slaugh-
ter took place with in Research station and the pieces used for the test were prepared from the thighs.

After cutting the carcass, we recovered the thigh muscles. The fat around the muscles was remo-
ved. The meat was cut into pieces of about 5 g (2x2 cm). Then, we treated the pieces of meat by
immersion in three-concentrations prepared from extracts of pomegranate bark. The meat pieces
were drained and putted in a sterile petri dish to be deposited at 4°C (Fig. 2). The colour, water re-
tention capacity and microbiological monitoring were evaluated over time of storage.

The meat quality was monitored using the accelerated ageing method. It is a fast method based on
the provocation of a severe deterioration of the product by using high temperatures. For this test, meat
samples were stored at 4°C. The evolution of the total aerobic mesophilic flora (FMAT) and total co-
liforms (TC) was carried out during 12 days of conservation (at 0, 3, 6, 6, 9 and 12 days of storage).

The meat was cooked in 10 g pieces without the addition of salts and in the absence of oil. Twenty
tasters had been invited to analyse the products and complete the sensory evaluation sheets of
meat witness and those with a dose of pomegranate bark extract (12.5-25-50 mg /ml). The pref-
erence test and triangle test were assessed to evaluate the consumer acceptability.

The analyses of variance (ANOVA) were carried out by (Statistical Package for the Social Sci-
ences). All analyses were performed at least in duplicate. The results were presented by the mean
with its standard deviation. The differences were considered significant at p < 0.05.
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Fig. 1. Carcass cutting in the INRA Béni Mellal Fig. 2. Meat treatment with the three concen-
abattoir. trations of the extract.

Il — Results and discussion

The main physicochemical characteristics of pomegranate bark powder and their values are de-
tailed in Table 1.

Table 1. Chemical characteristics of pomegranate bark powder

Criteria Values
Ph 4.68+0.02
Titratable acidity (g/ml) 2.04+0.25
TSS (Brix®) % 3.07+0.12
Ash content 10%
Colour L 8.71+0.01
1.70+0.04
b 1.48+0.04
Total Polyphenols (g EAG/100g) 16.48+2.32

The pomegranate bark powder has a pH value of 4.68. These results are in agreement with those
reported by Mediani and Guerhli (2015) who found 4.77. The value of the titratable acidity is 2.04
g/ml, which is slightly higher than that reported by Sidoummou in 2011 (1.59). Moreover, the Brix
value of the powder is 3.07%. Color is among the physico-chemical parameters that influence the
acceptability of the food product. It was measured by three wavelengths L, a and b; for our pome-
granate bark powder, the value of L is 8.71.The red index a is 1.70. this value is lower than that
(3.9) mentioned by Mediani and Guerhli (2015). Concerning the yellow index b, the value is 1.48.
The total phenolic compounds value is 16.48 (g EAG/100 g MS); this result is close to that reported
(21.7 g EAG/100 g MS) by Ben Nasr et al. (1996).

1. Evaluation of meat treatment with pomegranate bark extract

The carcass pH measured immediately after slaughter is 6.32, and after 24 h of slaughter it de-
creased to 5.88. This decrease in pH is related to the accumulation of lactic acid produced by the
degradation of intramuscular glycogen.

The results of monitoring the water loss of meat treated with pomegranate bark extract are pre-
sented in Table 2.
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Table 2. Effect of pomegranate bark powder extract on water retention at raw sheep meat during storage
at 4°C for 12 days

After slaughter After 3 days After 6 days After 9 days After 12 days
T 32.0+1.61 29.5+3.79 29.4+1.77 27.1+1.66 23.3+4.45
C1 - 31.4+2.91 30.8+4.18 29.2+1.5 19.9+5.97
Cc2 - 28.7+2.73 29.2+0.62 26.8+0.77 17.7+0.27
C3 - 27.4+0.94 27.7+4 .11 25.6+1.11 16.4+£3.43

T: Control without pomegranate bark extract; C1:25mg/ml; C2:12,5mg/ml; C3:6,25mg/ml.The values in the same
column are significantly different (p < 0.01). The values of the same line are significantly different (p < 0.01). All
results are expressed as an average + Standard deviation. All results are averages of 3 replicates.

The average value of water loss is improved compared to the control samples. The decrease in
water retention capacity is explained by the loss of myofibrillar structure caused by the attack of
proteolytic enzymes. During this process, the structure at inside and between the myofibrils
breaks, thus reducing the firmness of the meat. The cellular membrane becomes permeable and
intracellular water moves through the extracellular fluid. Maturation itself does not change the wa-
ter outlet of the myofibrils, but with time, the membrane structures disintegrate and water leaves
the muscle cells much more easily, thus increasing the expressible juice (Honikel, 1989).

Table 3. Colour assessment of sheep meat during storage, treated by the different concentrations of the
pomegranate extract

After slaughter After 3 days After 6 days After 9 days
L a b L a b L a b L a b
T 31.24:0.26 60.20£0.26 27.37+1.21 33.79£1.95 71.18+2.39 54.48+1.72 28.89:0.40 68.70+0.91 40.91£0.95 20.63+0.15 48.59+0.87 20.8310.27
C, - - - 31.13£0.69 69.69+1.99 45.90+2.05 30.41+0.45 70.37+0.73 44.66+1.06 28.95:0.08 66.75+0.19 31.36£0.12
C, - - - 38.174¢1.15 77.56+1.51 62.13+2.82 27.80+0.27 63.60+0.78 37.64£0.66 31.63+0.07 70.97+0.05 34.76£0.13
Cy - - - 38.65+0.51 76.71£0.28 62.09+1.39 27.62+0.25 61.75+0.64 36.18+0.54 34.05:0.71 73.39:0.80 45.0410.27

T: Control without pomegranate bark extract; C1:25mg/ml; C2:12,5mg/ml; C3:6,25mg/ml.The values in the same column are significantly different (p < 0.01). The
values of the same line are significantly different (p < 0.01). All results are expressed as an averagez+ Standard deviation. All results are averages of 3 replicates.

Results show that clarity “L”, red index “a” and yellow index “b” of untreated meat were instable
and decreases significantly after 9 days of storage at 4°C. However, these parameters increased
remarkadly after 9 days of storage especially with concentration C3. Generally, treatment with all
concentrations kept unchanged the color of meat even after 9 days of storage.

The microbiological monitoring (the total aerobic mesophilic flora and the total coliforms) of meat
treated with pomegranate bark extracts are presented in Figures 3 and 4.

The microbial kinetics increase over the days for all treatment. However, the results indicate that
the highest concentration (0.5 g / ml) acts as a delaying agent for bacterial contamination.

These results can be attributed to the fact that the pomegranate bark is rich in total polyphenols
(16.48 g EAG / 100 g MS) that are characterized by their antimicrobial and antioxydant potential
(Lairini et al., 2014). Also, Botsoglou et al. (2010) have shown that the addition of olive leaf extract
to turkey meat improved microbiological quality of meat.
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2. Effect of pomegranate bark on the sensory properties of meat

Pomegranate bark has a significant effect on sensory quality. However, tasters accepted the new
processed meat with pomegranate bark extract. In fact, they have appreciated the taste of the meat
supplemented with pomegranate bark, compared to that of the control.

IV — Conclusions

In short, pomegranate fruit peel has a significant amount of total polyphenols that can be used as
natural preservatives in several food applications through its antioxidant and inhibitory effect on harm-
ful microorganisms. Our study highlighted the effect of incorporating the different concentrations of
pomegranate bark extracts on microbiological and technological quality sheep meat. We showed that
treating and processing meat with concentration of 25 mg/ml of pomegranate bark lead to better meat
preservation in terms of water retention capacity, colour and essentially microbiological quality.
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Abstract. The efficacy of isotope ratio mass spectrometry (IRMS) in tracing lamb production systems was
investigated for four farming systems in the Tunisian North-West: Ain Draham and Fernana, characterized by
woody pasture, and Amdoun and Joumine, characterized by herbaceous pasture. Mixed breed lambs aged
3.5-5 months were reared under semi-extensive and extensive systems. Samples of Longissimus dorsi mus-
cle were taken from eight lambs for each farming system for stable IR assessment of the three main bio-ele-
ments (C, N, S) in the protein and fat fractions of lamb. Using partial least squares discriminate analysis (PLS-
DA) the IR profiles of Tunisian lamb types allowed correct assignment of the training meat samples to pas-
ture type. A broader scale pasture type discriminating lambs from the Amdoun (herbaceous pasture), the rest
of north-west Tunisia appeared to be workable.

Keywords. Tunisian farming systems — Pasture type — Lamb Meat analysis — Isotope ratio.

Utilisation du ratio isotopique stable pour différencier 'agneau indigéne tunisien paturant en deux
types de paturage différents

Résumé. Lefficacité de spectrométrie de masse a ratio isotopique (IRMS) dans le tragage du systeme de pro-
duction d’agneau a été examinée pour quatre régions agricoles en Tunisie: Ain Draham (AD) et Fernana (F),
caractérisés par le paturage boisé (WP) et Amdoun (AM) et Joumine (J), caractérisés par le paturage herbacé
(HP). Des agneaux de différentes race, 4gés de 3,5 a 5 mois ont été élevés dans des systemes semi-exten-
sifs et extensifs. Les échantillons de muscle Longissimus dorsi ont été prélevés sur huit agneaux pour chaque
systeme d’exploitation afin d’obtenir une évaluation IR stable des trois principaux bioéléments (C, N, S) dans
les fractions protéique et lipidiques de la viande. En utilisant I'analyse discriminante partielle des moindres car-
rés (PLS-DA), les profils IR des types d’agneau tunisiens ont permis d’affecter correctement les échantillons
de viande provenant de paturage. Le type de paturage a distingué les agneaux d’Amdoun (paturage herbacé),
le reste du nord-ouest de la Tunisie semblait étre réalisable.

Mots-clés. Systeme d’élevage tunisien — Type de paturage — Analyse de la viande d’agneau — Ratio isotopique.

| — Introduction

Meat quality appears to be strongly affected by the animal feeding system (Priolo et al., 2001; Ren-
erre, 1990). The farming system, namely the combination of the geographical, orographic, climatic,
social, historical and cultural conditions in the reference area and production factors such as feed-
ing regime, husbandry techniques, animal breed and category, gives rise to specific lamb types dis-
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tinguished by particular meat characteristics that consumers may identify and appreciate (Safiudo
et al., 2007). Authentication and objective food information are major demands from consumers
(Monin, 1998). Stable isotope ratios provide an analytical tool for confirming meat origin, as there
are region-specific patterns in the environmental isotopic ratios (Piasentier et al., 2003; Franke et
al., 2005). Vegetation composition (C), feed type (C, N), crop production practices (N), and the sea
(S) proximity (Moloney et al., 2009). Isotopes can therefore be used to detect dietary differences
and origin. These objectives were achieved by developing classification models through the use
of isotope ratio mass spectrometry (IRMS).

Il — Materials and methods

1. Animals, diets and experimental design

The study was carried out at four sites in north-western Tunisia. The farming systems are char-
acterized by different kinds of pasture, mountainous terrain covered with woody pasture (WP) and
plains dominated by herbaceous pasture (HP). In the Ain Draham (AD) and Fernana (F) systems,
pasture grazing takes place virtually throughout the year, with bushes and shrubs dominated by
cork oak (Quercus suber), while the kermes oak (Quercus coccifera) covers relatively small areas.
Lambs are given supplements of oak acorn, some commercial concentrates, barley and oat hay.
The Amdoun (AM) and Joumine (J) sites are characterised by HP, comprising a herbaceous stra-
tum dominated by Gramineae, on which the lambs graze with their dams; as a supplement to pas-
ture, the flocks receive commercial or farm concentrate, green barley, oats, hay and wheat straw.

2. Slaughter and sampling procedures

The lambs were transported to a commercial slaughterhouse located 120 km from the farms and
then slaughtered after an overnight period without feed but with free access to water. All the pro-
cedures employed in this study (transport and slaughtering) meet ethical guidelines and adhere
to Tunisian legal requirements in accordance with Law no. 2005-95 (18 October 2005).

The Longissimus dorsi (thoracis + lumborum) (LD) muscles of both sides of the lamb carcasses
were separated for meat quality analysis. Two equivalent samples from the left and right muscles
from each lamb were frozen at —20°C for IRMS analysis.

3. Sample preparation and isotope analysis

The LD meat samples were minced and freeze-dried in a lyophilizer (freeze-drier) then homoge-
nized with a suitable grinder and freeze-dried again. The resulting dry powder was fractionated into
crude fat (Fat), by extraction with petroleum ether for 6 h in a Soxhlet apparatus, and defatted dry
matter (Protein), essentially protein. Afterwards the protein and fat fractions were stored in an ap-
propriate container until measurement. Measurement of the 13C/12C, 15N/'4N, ratios of protein and
fat fractions was carried out as described by Perini et al. (2009). For 13C/12C and °N/'*N ratios
we used an Isotope Ratio Mass Spectrometer (DELTA V, Thermo Scientific, Germany) following
total combustion in an elemental analyser (EA Flash 1112, Thermo Scientific). 3*S/32S was deter-
mined using IRMS (Vario Isotope Cube, Elementar Analysensysteme GmbH, Germany) The val-
ues were expressed in 8%o against international standards, calculated against working in-house
standards and calibrated against international reference materials, as reported by the same au-
thors. For measurement of the 34S/32S ratios, we used an elemental analyser (EA Flash 1112
Thermo Finnigan, Bremen, Germany) connected to an isotope ratio mass spectrometer (Delta plus
XP mass spectrometer, Thermo Finnigan). The protein sample (2.5 mg) was burned at 1000 °C
in a quartz tube filled from the bottom with quartz wool (2 cm), elemental copper (14 cm), copper
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oxide (5 cm) and quartz wool (1 cm). The water was removed using a glass trap filled with Mg
(CIQ,),- The isotopic values were calculated against international reference materials: IAEA-SO-
5 (534S = +0.5%0) and NBS 127 (534S = +20.3%o), through the creation of a linear equation.

4. Statistical analysis

The four farming systems located in four areas of Northwest Tunisia were first compared by uni-
variate analysis. Particularly, the effect of lamb farming system on each individual stable isotope
ratio in meat was investigated using ANOVA, followed by Fishers Least Significant Difference (LSD)

Ill - Results and discussion

The IR profiles of lamb produced at the four locations in north-west Tunisia are shown in Table 1.
All the IRs were significantly influenced by the geographical origin of the meat. However, only in
the case of 3%4S, ., did the pasture type significantly affect the IR value (9.7%o vs. 6.9%. for WP
and HP respectively; p<0.001). This means that IR variability between sites is higher than that be-
tween pasture types.

A clear example of this can be seen in the §'3C values of both protein and the more depleted fat
fractions (DeNiro and Epstein, 1977), which did not differ for the pasture systems. §'3C values in-
stead showed statistically significant differences between sites. Indeed, the maximum §'3C values
for protein and fat fractions, recorded in Fernana and Amdoun lamb meat (-25.1%o and —31.3%o re-
spectively), only differed by 1.1-1.4%o from the minimum §'3C values that were respectively ob-
served in Joumine (-26.2%o for protein) and Ain Draham (-32.5%. for fat). These differences are
probably linked to the forage/concentrate ratio in the lamb diet and the acorn intake (Gonzalez-Mar-
tinet al., 2001; Perini et al., 2013). As expected, the §'3C values were low in comparison with those
observed by Perini et al. (2009) in Italian lamb types, because of the absence of C4 plants in their
diet (Camin et al., 2007).

Meat from Amdoun, produced from lambs grazing on herbaceous pasture with their dams, was
characterised by the highest "Ny, ... The WP systems showed intermediate values. The dif-
ferences between Amdoun and Joumine, characterised by a similar humid climate and HP, may
result from differences in agricultural practices, particularly the organic fertilisation largely used in
Amdoun, which increases the §'°N of forage (Laursen et al., 2013). Moreover, in comparison with
AM-HP (Table 1), J-HP breeders feed their flocks with significant amounts of legumes, namely
clover, which is known to have a low 8'5N level in its nitrogen, compounds (Laursen et al., 2013).
Furthermore, they usually wean their lambs earlier than AM lambs, which are kept with the ewes
until slaughter, and higher §'°N is expected in suckling animals (Perini et al., 2009). The higher level
of deuterium in the fat fraction of J-HP meat was in line with the rougher diet of J-HP than AM-HP
sheep that receive higher amounts of concentrates and barley (Table 1).

The 534S examined, sulphur provided the clearest lamb type discrimination. Similar results were ob-
tained in a study carried out on Italian lamb types (Perini et al., 2009). The basis of Italian-lamb-type
variability was not feed dependent. The upper end of the 84S, .., range was represented by two
lamb types (9.5%o and 9.2%o), reared on the Mediterranean islands of Sicily and Sardinia at 5 and
10 km from the sea respectively. The two WP systems in Tunisia, Fernana and Ain Draham in par-
ticular, are also the closest to the sea. Thus, the high 534S content would seem to be a “coastal” sig-
nal, resulting from the influence of so-called sea-spray. Sea-spray sulphate is deposited as an
aerosol over pasture and crops, in decreasing amounts with increasing distance from the sea.
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Table 1. Isotopic ratio values (%) of protein and fat of lamb meat from four farming systems located
in four areas of Northwest Tunisia, Ain Draham (AD) and Fernana (F) characterized by woody
pasture (WP), Amdoun (AM) and Joumine (J) characterized by herbaceous pasture (HP)

AD-WP F-WP J-HP AM-HP P SEM
R -26.1° -25.12 -26.2° -25.6° 000 08
51Np,otoin 7.1b 6.3 5.6° 10.22 000 15
5480 ioin 10.0° 9.42 7.50 6.3 000 21
3Cry -32.5 -31.32 -32.3 -31.12 000 10
ab.c: p<0.05.

IV — Conclusions

Initial application of IRMS to trace farming systems in north-west Tunisia provided promising re-
sults for both large-scale discrimination of north-west Tunisia as an overall lamb-producing geo-
graphical region and small-scale classification of individual regional farming systems. In particu-
lar, it appeared to be reliable in distinguishing lamb produced in the Amdoun area, characterised
by a humid climate, extensive use of organic manure to fertilise forage crops and fallows grazed
by flocks comprising lambs suckled by their dams until slaughtering, on the basis of the IR profile.
The use of meat from other Tunisian production systems, such as naturally reared prairie or feedlot
lambs, may be interesting to discriminate the mountainous meat production system.
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Abstract. Many studies reported that beneficial bio molecules compounds have been identified from various
parts of the Argania spinosa (L.) Skeels and can play an important role in fighting diseases. Certainly,
Morocco includes the most important rate of production, but the different by-products of this tree are not val-
orised. In this present study, we investigate the effect of the incorporation of the Argane tree’s by-product in
goat’s diet, on the antioxidant activity, the microbiological quality, the physicochemical and mineral composi-
tion of Alpine goat milk collected from Essaouira, Morocco. The preliminary results of this study revealed a
remarkable improvement in several of the analysed parameters, especially the fat content with an increase
of 51.21%, which remains the most noteworthy. Microbiological analysis showed that the mean mesophilic
aerobic flora count for goats consuming the Argane by-product diet (AD) was 1.38.107+2.67.107 Cfu.mL""
comparing to 2.96.107 + 5.42.107 Cfu.mL"" for those consuming the Control Diet (CD). The total phenolic con-
tent of milk collected from goats consuming AD varied from 17.29 + 0.61 to 22.65 + 1.15 mg GAE/g of DM,
while that the total phenolic content of milk collected from goats consuming CD varied from 10.74 + 0.39 to
12.46 + 0.33 mg GAE/g of DM. Furthermore, mineral analysis demonstrated that AD milk samples are rich in
potassium, magnesium and other minerals with many health benefits.

Keywords. Goat milk — Argania Spinosa — By-product — Antioxidant activity.

Amélioration de I’activité antioxydante et la composition nutritionnelle du lait de chévre par I’incor-
poration des co-produits d’Argania Spinosa dans la ration des chévres

Résumeé. De nombreuses études ont montré que des composés de biomolécules bénéfiques avaient été iden-
tifices dans différentes parties de I’Argania spinosa (L.) Skeels et qu’elles pouvaient jouer un réle important
dans la lutte contre les maladies. Certes, le Maroc comprend le taux de production le plus important, mais les
expériences de culture dans de nombreux pays, sont prometteuses, et les différents co-produits de cet arbre
ne sont pas valorisés. Dans la présente étude, nous étudions I’effet de I'incorporation des co-produits de I'ar-
ganier dans l'alimentation des chévres, sur 'activité antioxydante, la qualité microbiologique, la composition
physicochimique et minérale du lait de chevre alpines collecté a Essaouira - Maroc. Les résultats préliminaires
de cette étude ont révélé une amélioration remarquable de plusieurs parametres analysés, notamment le taux
de matiere grasse avec une augmentation de 51,21%, qui reste le plus remarquable. Les analyses microbio-
logiques ont montré que la valeur moyenne de la flore aérobie mésophile totale chez les chévres consommant
le régime contenant les co-produits d’Argane (AD) était de 1,38.107 + 2,67.107 Cfu.mL™", comparé & 2,96.107
+ 5.42.107 Cfu.mL? pour le lait du Régime contréle (CD). La teneur en composés phénoliques totaux du lait
des chevres consommant la ration alimentaire a base des co-produits de I'arganier variait de 17,29 + 0,61 a
22,65 1,15 mg GAE / g de matiéere seche, tandis que la teneur en composés phénoliques totales du lait des
chévres consommant la ration contréle variait de 10.74 + 0.39 a 12.46 + 0.33 mg GAE/g de matiere seche.
En outre, I'analyse des minéraux a montré que les échantillons de lait issu des chévres consommant le régime
AD étaient riches en potassium, magnésium et autres minéraux offrant de nombreux avantages pour la santé.

Mots-clés. Lait de chevre — Co-produits — Argania spinosa — Activité antioxydante.
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| — Introduction

In Morocco, goat population is estimated at 5.3 million head, occupying the 2nd place in local farm-
ing (Zaaraoui et al., 2016), and the 13th place on a world scale (El Moutchou et al., 2013).These goats
are adaptable to the climatic conditions and ensure the production of several products such as meat,
milk and skins (Badis et al., 2004). Goat milk represents a food of high nutritional value, due to its
composition and recognized benefits for human well-being (Lakram et al., 2019), Therefore, goat milk
is considered to possess a high antioxidant potential that resists to oxidative stress which is an im-
portant characteristic of numerous cardiovascular related diseases (Alyagoubi et al., 2014). However,
livestock production in Morocco suffers from serious feeding problems, during the limited forage avail-
ability period, due to shortage, low protein content resources and lack of development of alternative
feed resources (Mercha et al., 2019). Among these unconventional alternative resources is the Ar-
gan press oil cake that represent an excellent nutrient source with 43.1 % of protein and 21.3% of
crude fiber (Mercha et al., 2019). It is therefore an efficient alterative feed resource to improve pro-
duction and nutritional value of goat milk and its integration in human diets, with health promoting com-
ponents. This work aims to study the effect of the incorporation of argan by-products in dairy goat
on antioxidant activity and nutritional composition of goat milk produced in Essaouira region.

Il — Material and methods

An experiment was carried out in the region of Ounagha (Essaouira, in the region of Marrakech,
Safi), during. a period of 90 days, on two groups of twelve (12) alpine goats , divided randomly,
each with an average age of 2 years. The first group of goats consumed a diet prepared basically
from by-products of the Argane tree (press cake (25%) and pulp (20%) as dry matter basis (DM)),
while the second fed a diet without Argane by-products (control group). Both groups were receiv-
ing 1.5 kg of prepared diets twice a day and a fifteen (15) days adaptation period was respected.

The tested diet is composed of Argane press cake , Argane pulp , wheat bran , barely , chopped straw
and a complex of minerals and vitamins (Table 1), Dry matter (DM), ash, ether extract (EE), crude
fiber (CF), and crude protein (CP) were determined according to the Association of Official Ana-
lytical Chemists methods (AOAC , 2011).The animals were fed normally, and the water was avail-
able all time. The nutritional balance was established according to the energy and protein re-
quirements of ewes in the lactation phase following the INRA system.

Table 1. Composition of the experimental diets
Argane Diet (AD) Control Diet (CD)

Ingredients (g/100 g of fresh matter)

Argane press cake 250 0
Argane pulp 200 0
Ground straw 100 170
Wheat bran 250 180
Barley grain 180 200
Minerals and vitamins 20 0
Commercial feed 0 250
Lucerne 0 200
Chemical composition, % ( DM basis)
Crude protein 16.4 11.5
Dry matter 87.2 78.7
Ash 6.56 7.37
Crudefiber 12.9 10.30
Ether extract 3.50 212
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Raw goat milk samples were collected twice at morning and evening periods in sterile bottles and
maintained at 4°C condition during their transport to the food technology laboratory of regional cen-
ter of agronomic research- INRA, rabat. The pH of the milk samples was determined electromet-
rically with a pH-meter (Micro pH 2002, Crison, Barcelona, Spain). The physicochemical param-
eters (fat, solids-non-fat, density, protein, lactose, salts and freezing point were measured using
a Lactoscan Milk Analyzer calibrated for goat milk.Thus, a microbiological quality follow-up was pro-
vided on the day of the collection of themilk samples, for a count of contaminating microorganisms
following the International Dairy Federation protocol (IDF.1987), to be able to evaluate the effect
of the incorporation of the prepared food diet on the development rate of bacterial strains.

The antioxidant capacity of each sample through total phenolic content TPC was determined ac-
cording to (Shori et al., 2011) with minor modification. 200 pl of fresh goat milk extract was added
to 1 mL diluted Folin — Ciocalteu reagent and 800 pl of Sodium carbonate solution. After 2 hours
incubation, the absorbance was measured at 765 nm wavelength.

Trace elements of milk, including iron, copper, manganese, and zinc, were analyzed by atomic ab-
sorption spectrometryin a flame air-acetylene. The measured absorption was done at a specific
wavelength of 248.3 nm.

All analysis were carried out in triplicate, data was statistically treated using variance analysis
(ANOVA), results are shown as mean, and differences among means were ranked using Duncan’s
New Multiple Range Test. The significance level was 5%.

Il — Results and discussion

1. Milk physicochemical and microbiological quality

Milk quality and quantity are mainly affected by several factors including breed, stage of lactation,
milking system and sheep feeding (Mouhaddach et al., 2016). Physicochemical results of analyzed
milk samples collected during the trial are presented in Table 2. The incorporation of the Argane
by-product’s diet offers a milk with more fat (4.20 % compared to 2.92% for the control group), more
protein content (3.27 % compared to 2.56 % for the control group). For all criteria, the composi-
tion of milk from goats fed by the Argane diet exceeded those from the control animals. Our re-
search shows that the number of microbes of technological interest is very high, and this presents
an economic and qualitative advantage for industrialists (Lakram et al., 2019).

Table 2. Physicochemical content of goat milk from Argane and control diets

Argane Diet Control Diet SEM P
Density, g/cm3 1.0282 1.019° 0.09 <0.001
Fat, % 4.202 2.92b 0.05 <0.001
pH 6.672 6.61P 0.299 <0.001
Protein, % 3.272 2.56P 0.20 <0.001
Lactose, % 4.162 4.04 0.72 <0.001

Microbial quality is important for milk preservation and its transformation. The results obtained by an
enumeration of the different microbial flora of raw goat milk samples are summarized in Table 3.

Overall, the microbiota of raw milk can be influenced by several factors, including animal feeding, sea-
sonal variation, geographical farm location and milking procedures. Since all the factors were stabilized,
our results showed that the feeding factor had an effect on goat milk flora. Microbial counts in the AD
were lower than those of CD, likely due to the presence of antimicrobial factors in the Argane diet.
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Table 3. Microbiological analysis (mean)in function of diet type

Argane Diet Control Diet SEM P
Total aerobic flora 1.1-10%b 1.1-1052 0.10 <0.001
Total coliform 3.1104b 1.1-1052 0.74 <0.001
Fecal coliform 2.51050 4.2110%2 0.26 <0.001
Staphylococcus 3.810'P 5.710%a 0.95 <0.001
Yeasts and molds 2.8:102b 1.6.10%2 0.47 <0.001

2. Total phenolic and mineral content

Many studies reported that beneficial bio molecules compounds have been identified from various
parts of Argania spinosa’s (L.) Skeels and can play an important role in fighting diseases and could
be used in pharmaceutical and personal care products (Elbabili e/ al., 2010). Figure 1 illustrates
phenolic contents of both diets.
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Fig. 1. Phenolics contents of goat milk (mg GAE/100 g DM) as related to
diet type and lactation stage. Data are presented as mean + SEM,
n = 3 experiments, p values; *p < 0.05, **p < 0.01, ***p < 0.001. AD:
milk collected from goat fed by diet including Argane by- prod-
ucts; CD: milk received from goat fed by local diet.

Among the diets offered, the experimental diet based on Argane byproducts supplied the largest
amount of total phenolic compounds with averages of 447.28 + 1.43 mg GAE/g for AD group, and
344.78 + 1.26 mg GAE/g for CD group. These results are in accordance with those reported by
(Alyagoubi et al., 2014).

Following previous studies, milk and dairy products supply all essential mineral elements needed
for newborn development and growth. In this work animal feed and lactation week had a signifi-
cant effect (P < 0.001) on goat milk trace elements (Cu, Zn, Mg and Fe). Milk iron is naturally low.
In our case, the average values of milk iron were 0.09, and 0.05 mg/100 g for the AD, and CD di-
ets, respectively. The iron concentration reported in the literature for goat milk was 0.07 mg/100 g
(Park et al., 2007).
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IV — Conclusion

The present study revealed that the inclusion of the Argane by-products in goat’s diet improved the
global quality as well as the antioxidant potential of collected milk, in addition to its mineral com-
position. Therefore Argane by-products must be considerated as a promising alternative for dry sea-
son feeding systems and, thereby undoubtedly reduce the pressure on silvopastoral resources and
production costs and consequently improve the income of livestock farmers in dry areas. However,
further testing is required on secondary metabolites production in collected milk.
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Abstract. Antibiotic are widely used in ruminant nutrition as feed additives to improve growth energy, protein
utilization and decrease methane (CH,) emissions. However, there is a controversy about the use of such
additives because of the risk of transferring residues into meat and milk and development of resistant strains
of bacteria. These concerns have promoted the search for alternative natural feed additives, such as propo-
lis. Eighteen ewes were individually allotted to indoor pens to study the impact of propolis as a natural antibi-
otic on diet digestibility, purine derivatives, CH, emissions and blood constitutes of late pregnant Santa Inés
ewes. The study lasted for 43 day and ewes were assigned to a randomized complete block design with 9
blocks and 2 dietary treatments as follows: Control (CTL) without propolis administration and propolis (BRP)
received 3 g red propolis extract /ewe/day. Intake of N and body N retention increased (p < 0.05) for BRP
supplementation than CTL expressed as g / animal / day. The administration of BRP increased (P < 0.05) uri-
nary allantoin compared to the CTL. BRP supplementation increased (P < 0.05) OM and CP digestibility com-
pared to the CTL. Additionally BRP decreased (P < 0.05) CH, emission expressed as L/day or L/kg for (OMI
and DOM) when compared to CTL group. Propolis increased (P < 0.05) all hematological parameters more-
over the same pattern was observed for the biochemical parameters too. Propolis supplementation resulted
in decrease (P < 0.05) cortisol, T; and T, compared to CTL. Propolis represents a promising natural antibi-
otic with profit biological and environmental effects.

Keywords. Antibiotic — Digestibility — Propolis — Methane — Purine derivatives.

Impact du propolis, un antibiotique naturel sur la digestibilité de la ration, les dérivés des purines, les
émissions de méthane et les constituants du sang chez les brebis enfin de gestation

Résumeé. Les antibiotiques sont largement utilisés comme additifs alimentaires dans la nutrition des ruminants
pour améliorer I'énergie de croissance, I'utilisation des protéines et pour réduire les émissions de méthane (CH,,).
Cependant, I'utilisation de tels additifs pourrait étre a I'origine du transfert de résidus dans la viande et le lait et
du développement de souches bactériennes résistantes. Ces préoccupations ont favorisé la recherche sur les
additifs naturels dans I'alimentation animale, tels que la propolis. Dix-huit brebis ont été individuellement logées
dans des enclos pour étudier I'impact de la propolis en tant qu’antibiotique naturel sur la digestibilité de la ration,
les dérives des purines, les émissions de CH,, et les constituants du sang chez les brebis de race Santa Inés en
fin de gestation. L'étude a duré 43 jours et les brebis ont été affectées a deux groupes: le groupe témoin (CTL
n=9) et celui qui recevait 3 g d’extrait de propolis rouge/ brebis / jour (BRP n=9). L’apport en azote et la rétention
d’azote dans le corps ont augmenté (p <0,05) pour la supplémentation en BRP par rapport aux CTL exprimés
en g par animal et par jour. L’administration de BRP a augmenté (P < 0,05) l'allantoine urinaire par rapport a ce-
lui du CTL. La supplémentation en BRP a augmenté (P < 0,05) la digestibilité de la matiere organique et celle
des matieres azotées de la ration par comparaison au régime témoin (CTL). De plus, les BRP ont diminué (P
<0,05) les émissions de CH, exprimees en L / jour ou en L / kg pour (Quantité Ingéree de MO (MOQI) et quantite
de MO ingérée digestible (MOD)) par rapport au groupe CTL. La propolis a augmenté (p < 0,05) tous les para-
metres hématologiques et le méme schéma a été aussi observé pour les paramétres biochimiques. La supplé-
mentation en propolis a entrainé une diminution (P <0,05) du cortisol, des T, et T, par rapport aux CTL. La pro-
polis est un antibiotique naturel prometteur ayant des effets biologiques et environnementaux bénéfiques.

Mots-clés. Antibiotique — Digestibilité — Propolis — Méthane — Dérivés de la purine.
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| — Introduction

Antibiotic growth promoters are widely used in ruminant nutrition as feed additives to improve en-
ergy and protein utilization and decrease methane (CH,) emissions from ruminants (Wischer et al.,
2013). However, there is a debate about the use of antibiotics in animal diets because of the risk
of transferring residues into meat and milk and promoting the development of resistant strains of
bacteria. These concerns have promoted the search for alternative natural feed additives, such as
propolis (Morsy et al., 2013; Morsy 2015). Propolis is known to be active against (gram positive)
bacteria, viruses, fungi, oxidants, inflammation, tumors, and parasites, and it may act as an im-
munomodulator (Alencar et al., 2007; de Aguiar et al., 2013; Morsy et al., 2015). There are many
studies that confirmed the suitability of propolis as an effective feed additive for ruminants. Zawadzki
et al. (2011) concluded that propolis supplementation, improved feed efficiency and body weight
gain in feedlot-finished bulls. itavo et al. (2011) reported similar findings in growth performance of
feedlot lambs. Brazilian red propolis was beneficial for ewe’s health during the flushing period
(Morsyet al., 2013). In vitro, propolis was effective in decreasing the formation of ammonia in the
rumen (Oeztuerk et al., 2010) and inhibited hyperammonia-producing species of bacteria (de Aguiar
et al., 2013). The most characteristic of propolis compared to the dietary antibiotic that propolis can
decrease the CH, emission while improve the ruminal fermentation and nutrient degradability
(Morsy et al., 2015). However, little information on the effect of propolis on the microbial protein
synthesis is available. Thus, the hypotheses of the present study were that propolis as a natural
antibiotic can improve the feed digestibility and enhance the microbial protein synthesis, while de-
creasing CH, emission during the critical period of late pregnant ewes. The objective of the pres-
ent study was to investigate the impact of propolis on diet digestibility, purine derivatives, CH, emis-
sion and blood constituents of late pregnant ewes.

Il — Materials and methods

1. Animals

This study was conducted in Centre for Nuclear Energy in Agriculture (CENA, USP) Piracicaba,
Brazil All animals were always treated in accordance to the Internal Commission for Environmental
Ethics in Experimentation with Animals of CENA/USP (approval no. CIEEA/CENA 001/2011). Eight-
een late pregnant Santa Inés ewes 52.5+2.50 kg body weight were individually allotted to indoor pens.
The study lasted for 43 d and consisted of 14 d for adaptation and 29 d for data collection. Ewes were
assigned to a randomized complete block design with 9 blocks and 2 dietary treatments. Control (CTL)
without propolis administration and propolis (BRP) that received 3 g red propolis extract /ewe/day in
the morning before access to diet for 21 days. Ewes were fed twice a day total mixed ration and for-
mulated to meet NRC (2007). Total mixed ration is composed of (on DM basis) 50% tifton hay, 32.7%
ground corn, 15.0% soybean meal, 1.0% limestone, and 1.3% mineral premix. The chemical com-
position of this ration includes (on DM basis); 92.4% DM, 13.1% CP, 2.0% EE, 4.3% ash, 71.8% NDF,
and 34.3% ADF). Quantity of feed offered to animals was calculated according to previous daily DMI
and adjustments were made when needed so that refused feed did not exceed 10% of the daily in-
take. Individual feed refusals were daily weighed to determine DMI.

2. Sampling and analysis

Feeds were sampled weekly throughout the trial and frozen at -20°C for further analyses. On the
7-day collection periods, the sheep were kept in metabolic cages, where complete individual daily
collection of feed refusals, faeces and urine was performed to measure nutrient digestibility and
N balance. Urine samples were analysed for N and for purine derivatives (i.e. allantoin, uric acid
and creatinine) according to International Atomic Energy Agency (1997) by high performance liquid
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chromatography (HPLC). The amount of microbial purines absorbed from the small intestine (PDa)
was calculated according to Chen and Gomes (1992). At the end of the digestibility trial, animals were
individually kept for two consecutive days in respiratory chambers for CH, determination as described
by Abdalla et al. (2012). The CH, concentration was then determined on a gas chromatograph (GC)
(Model 2014, Shimadzu, Tokyo, Japan) equipped with a Shincarbon ST 100/120 micropacked col-
umn (1.5875 mm OD,

1.0 mm ID, 1 m length; Ref. no 19809; Restek, Bellefonte, PA, USA). Blood samples (5 mL) were
collected every week throughout experimental period before morning feeding. Samples were col-
lected from the jugular vein using evacuated K2 EDTA tubes (Becton Dickinson & Co., Franklin
Lakes, NJ) for hematological analyses and evacuated tubes without anticoagulant agents (Bec-
ton Dickinson & Co.) for biochemical analyses and hormones.

Blood serum concentrations of biochemical were determined by colorimetric kits using a commercial
Labtest (Diagndstica S.A®. Lagoa Santa, MG, Brazil). While hormones were analysed, by using
radioimmunoassay (RIA) a commercial Siemens kit (Siemens Medical Solution Diagnostic, USA)
using automatic Gama counter model (Wizard 2, Perkin Elmer, Dowens Grove, IL.USA). Data were
analysed by analysis of variance using PROC MIXED procedure of SAS (2002).

Ill — Results and discussion

The effect of BRP supplementation on apparent diet digestibility and CH, emission are presented
in (Table 1). Brazilian red propolis supplementation increased (P < 0.05) OM and CP digestibility
compared with the control. Additionally BRP decreased (P < 0.05) CH, emission expressed as
L/day or L/kg for (OMI and DOM) when compared to the control group. Such finding is in line with
that reported by Morsy et al. (2015), who demonstrated that BRP extracts promoted the ruminal
degradation of nutrients, as can be seen from the increase in the truly degraded OM and decreasing
CH, emission by increasing short chain fatty acids and the decrease in the protozoal count in vitro.
Propolis can not only reduce CH, production but also enhance the ruminal efficiency of dietary nu-
trient use. It could be concluded from the previous studies that propolis, despite of its color or type
can indirectly affect methane formation by their anti-protozoal effect (Soltan et al., 2014).

Table 1. Effect of brazilian red propolis supplementation on feed intake, apparent diet digestibility and
methane (CH,) emission of ewes

Treatments
Parameters s.e.m Pr>F
Control Propolis
Daily dry matter intake [g/sheep] 1108 1229 55.3 0.279
Diet digestibility [%]
Dry matter (DM) 76.73 78.78 1.28 0.432
Organic matter (OM) 78.31 81.46° 0.70 0.022
Crude protein (CP) 78.81P 84.152 1.25 0.029
Neutral detergent fibre (NDF) 70.84 73.19 2.08 0.580
Acid detergent fibre (ADF) 49.13 73.19 2.83 0.650
Methane
L/day 25.212 22.63P 0.66 0.047
L/kg organic matter intake (OMI) 25.012 22,720 0.52 0.023
L/kg digestible organic matter (DOM) 32.382 28.10° 0.97 0.024

abMeans within a row without a common superscript letter differ significantly (p < 0.05).
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Intake of nitrogen (p < 0.05) and body N retention (p < 0.05) expressed as g/animal/day were higher
with BRP supplementation compared with the control diet (Table 2). Xanthine and hypoxanthine
were not detected in urine while total purine derivatives (PD) tended to increase. The administra-
tion of BRP increased (p < 0.05) urinary allantoin derivative excretion compared to the control.
Propolis was able to increase DMI, which reflected an increasing N intake. The increasing N body
retention approved the ability of enhancing the ruminal degradation of nutrients by propolis, as re-
flected by the increase of the truly degraded OM and by the transfer of N to milk or meat produc-
tion (Morsy et al., 2015). Microbial protein synthesis can be indicated by an increase in various in-
dicators like the partitioning factor, the urinary PD excretion and the body N retention (Soltan et
al., 2013). So the observed increase in body N retention, and the tendency of total PD and allan-
toin (which account for the major proportion in purine derivatives) excretion reveal increasing mi-
crobial protein synthesis with the propolis supplementation.

Table 2. Effect of brazilian red propolis supplementation on nitrogen balance and urinary purine deri-
vatives excretion of ewes

Treatments
Parameters s.e.m Pr>F
Control Propolis

Nitrogen balance
Intake [g/d] 37.0b 40.7@ 0.86 0.032
Faecal excretion [g/d] 6.88 713 0.47 0.798
Urinary excretion [g/d] 7.96 6.59 0.67 0.317
Body retention [g/d] 19.5b 22.98 0.71 0.017
N retained [g/g N intake] 0.52 0.64 0.03 0.073

Daily urinary excretion of purine
derivatives (PD)

Allantoin [mmol/animal] 8.49P 9.452 0.25 0.052
Uric acid [mmol/animal] 2.56 2.24 0.26 0.551
Creatinin [mmol/animal] 4.47 3.75 0.54 0.516
Total PD [mmol/animal] 10.73 11.82 0.32 0.095

abMeans within a row without a common superscript letter differ significantly (p < 0.05).

Table 3. Effect of brazilian red propolis supplementation on hematological, biochemical parameters
and hormones of ewes

Treatments
Parameters s.e.m Pr>F
Control Propolis
Hematological parameters
Erythrocyte (RBC 106/ml) 10.96° 12.142 0.30 0.056
Total leukocyte (WBC 103/ml) 11.03° 13.362 0.52 0.007
Hemoglobin (Hb g/dl) 10.15P 11.622 0.22 0.007
Packed cell volume (PCV %) 32.53bP 34.61° 0.51 0.040
Biochemical parameters
Total protein (TP g/dI) 7.31P 8.952 0.11 0.001
Albumin (Alb g/dI) 2.83 2.74 0.03 0.227
Globulin (Glo g/dl) 4.48b 5.222 0.12 0.001
Glucose (Glu mg/dl) 45.86P 54.072 1.06 0.050
Hormones
Cortisol (Cor pg/dL) 1.982 1.16° 0.140 0.002
Triiodothyronin (T3 pg/dL) 0.702 0.56° 0.027 0.006
Thyroxine (T4 pg/dL) 7.812 6.31° 0.335 0.022

abMeans within a row without a common superscript letter differ significantly (p < 0.05).
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The effect of BRP on hematological, biochemical parameters and hormones are presented in Table
3. Brazilian red propolis resulted in an increase (P<0.05) of all hematological parameters compared
with control, moreover the same pattern was observed for some serum biochemical parameters
such as total protein, globulin and glucose. Propolis supplementation resulted in a decrease
(P<0.05) of cortisol, Triiodothyronin and Thyroxine compared to control. Recent studies have shown
a general improvement of the animals health and immunity when treated by dietary of propolis (Ta-
las and Gulhan 2009; Morsy et al., 2013).

IV — Conclusions

Propolis, an alternative natural additive, increased diet digestibility, N intake and microbial N sup-
ply and decreased methane emissions. Propolis represents a promising natural antibiotic with profit
biological and environmental effects during the late gestation of ruminants.
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Abstract. The aim of this study is to determine the different various actors in the goat meat value chain in
the mountainous region of Tizi-Ouzou. The study of sixteen goat farms from a prior survey of 80 goat farms,
showed that these farms are still conducted in extensive. The goat breeding has evolved and passed from
self-consumption to a production for the market. Young goats are the most sold for their tender meat. The
marketing of goat meat goes through few intermediaries (actors) that structure the market. Restaurants are
a new segment that integrates the value chain and ensures a better value of goat meat. The price of this meat
follows that of the sheep meat. Its fluctuation follows the moments of strong demands like the Aid-Al-adha.
The demand for goat meat continues to grow. Because of its dietary characteristics, goat meat is beginning
to interest a growing consumer segment. For that purpose, a better knowledge of the value chain of this meat
will make it possible to target the opportunities for a better structuring of the market and its development.

Keywords. Goat meat — Value chain — Market — Development — Tizi-Ouzou.

La filiere viande caprine en région de montagne d’Algérie: analyse de sa chaine de valeur

Résumé. L’objectif de ce travail est de déterminer les différents acteurs de la chaine de valeur de la viande
caprine dans la région montagneuse de Tizi-Ouzou. Le suivi d’une quinzaine d’élevages, issus d’une enquéte
préalable sur 80 élevages caprins, a montré que ces élevages sont toujours menés en extensif. Cet élevage
a évolué et est passé d’'une fonction d’autoconsommation a une fonction de production destinée au marché.
Ce sont les chevreaux et chevrettes qui sont les plus vendus pour leur tendre viande. La commercialisation
de la viande passe par peu d’intermédiaires qui structurent le marché. Les restaurants constituent un nouveau
segment qui intégre la chaine de valeur. Le prix de cette viande talonne celui de la viande ovine. Sa fluctua-
tion suit les moments de fortes demandes comme I’Aid-Al-adha et sa demande ne cesse de croitre. Du fait de
ses caractéristiques diététiques, la viande caprine commence a intéresser un segment de consommateur de
plus en plus élargi. A cet effet, une meilleure connaissance de la chaine de valeur de cette viande permettra
de cibler les opportunités pour une meilleure structuration du marché et son développement.

Mots-clés. Viande caprine — Chaine de valeur — Marché — Développement — Tizi-Ouzou.

| — Introduction

In mountainous areas, the agro-ecological environment is adequate for extensive goat farming sup-
ported by the exploitation of pastoral resources. These farms are conducted with low expenses
(Dubeuf, 2011). In 2015, goat meat production in Algeria reached a quantity of 19,115 tons, it rep-
resents only a small percentage (12%) compared to beef production (155 037 tons) (FAOSTAT,
2016). In recent years, there has been a change in consumer behaviour towards goat meat, be-
cause of better dietary and organoleptic characteristics of this meat. In the mountainous region of
Tizi-Ouzou (Northern Algeria), the extensive goat husbandry is very present with mixed produc-
tion (Kadi et al., 2013, Mouhous et al., 2017). Currently, the production of goat meat is changing
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towards adapting their products to consumers’ requirements, including the production of chevon
meat (Mouhous et al., 2016). The aim of this work is to give an overview on the different elements
of the value chain of goat meat in the Tizi-Ouzou area.

Il — Materials and methods

Located in north of Algeria, the study area is distributed over an area of 2976 km? of which 50%
has slopes greater than 25% (DPAT, 2010). The number of goats reached 57 305 (17% of the lo-
cal total number of ruminants) (DSA 2014). From a preliminary study of 80 goat’s farms, we chose
16 farms to conduct a one year follow-up. Investigators passages were made once or twice a
month. In this work, we focus only on different elements of the value chain of goat meat. Surveys
have also targeted another value chain actors such as resellers (livestock dealer and represen-
tative agent), butchers, restaurants and consumers.

Il — Results and discussion

1. Characterization of goat farming systems

In mountainous areas, the use of the rangelands is daily and throughout the year. For the com-
plementation, which consists of wheat bran and a mixture of barley-corn, goats receive on aver-
age 500 g/ day / head throughout the year. Those results agree with those reported by Kadi et al.
(2016). More than half of the farms (57%) have a size ranging from 30 to 100 head, and have goats
from crossed populations. The farms have all followed a mixed production (milk and meat) but at
different output levels depending on the amount of milk produced, as already reported by Kadi et
al (2013).There are three categories of breeders: high production (457 I/goat), medium production
(327 l/goat) and low production (189 l/goat).

2. The different actors in the goat meat value chain
in the Tizi-Ouzou region

A. Breeder

As a central element of the value chain, the breeder comes upstream from the goat meat sector.
Depending on the orientation of the production, breeders act on the flows of the different types of
animals by selling the animals reformed or which do not have a productive interest. In the simple
circuit system it is the farmer who takes his animals to the market. Breeders of the strong milk pro-
duction strategy sell more chevons. They keep males and females for breeding and milk produc-
tion. In the other two strategies (low and medium production) farmers sell more reproductive ani-
mals (male and female) as small (chevons).

B. Livestock dealer and representative agent

In the organization of the goat meat value chain, there are very few types of actors involved in mar-
keting live animals. We count the livestock dealers and the representative agents. Both are also live-
stock dealers-breeders and agent-breeders. The livestock dealers have a significant financial wind-
fall that allows them to make transactions at any time. There are not many representative-agents
on the market. Different formulas exist for the marketing of these animals: (i) the agent tries to sell
the animal at the best price on the market, in return he receives a commission; (ii) the sale is at the
farm level. The transaction is done either by the breeder himself or by a representative-agent.
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C. Slaughterhouses

The slaughterhouse is an important intermediate segment of the goat meat value chain. The study
area has 14 slaughterhouses (6 private and 8 public) distributed in different sub-Districts. They all
have a veterinarian (DSA, 2018). For the year 2018, according to the DSA, the slaughter involved
a total of 6234 goats (15% of the total population of the District of Tizi-Ouzou) which produced a
total weight of 1251.8 quintals of meat. However, illegal slaughter still exists but with low frequency.

D. Butchers

The butcher is another link in the value chain which takes its share of the margin. Not all butchers
that sell goat meat. In addition to beef and sheep, there are some butchers who specialize in goat
meat. These butchers are supplied by the market (livestock dealers, breeders) or directly from
breeders on their farms.

E. Restaurants

In our case study, the restaurant represents a link in the organization of the goat meat value chain.
Goat meat currently come in big cities and the restoration (Sahraoui et al., 2016). People who con-
sume goats give it a festive character intended for a targeted clientele. The restaurants surveyed
offer goat meat once or twice a week. This contrasts with the observations of Hadbaoui and
Senoussi (2016) that show that in the s that the Algerian steppe the restaurants are not a segment
of the sheep meat value chain.

F. Consumers

In the study area, there are two types of consumers; a first segment that consumes goat meat, con-
trolled or not because of its dietary value (contains very little cholesterol) as signaled by Madruga
and Bressan (2011); they are regular consumers. A second segment that consumes this meat of-
ten uncontrolled and irregularly, because of its affordable price compared to that of sheep meat.
On the other hand, the bad odour felt in live goats would be one of the limiting factors in the con-
sumption of goat meat by a large part of the population in the study area.

3. The market for goat meat in the Tizi-Ouzou region

Goats are sold in two forms; either in carcasses or on feet. There is no sale of goat carcasses on
the livestock market.

A. Livestock market

Place of business transaction, the market is the space where the animals selling price is formed.
There are four major livestock markets in the study area, almost distributed at the cardinal points.
That of the region of Oued Aissi is the most important. But in every Daira (sub-district), there is a
small local market. Livestock dealers, who are often breeders, and some big breeders are forced
to attend other livestock markets in the neighboring Districts.

B. The marketing of goat meat

The carcasses of chevons and, to a lesser extent, male goats are the most popular. The most ap-
preciate are leg of and steak. However, it is rare to find regular consumers who go directly to a
breeder for the purchase of goat meat. While the quality of the meat is related to the wholesome-
ness and being free of pathogens and without residues (Casey and Webb, 2010).

Efficiency and resilience of forage resources and small ruminant production to cope 117
with global challenges in Mediterranean areas



C. The type of animals and the price of goat meat

Low and medium milk production groups have a strong sale of adult males (Table 1). Young (fe-
male and male goat kids) does not exceed 10% of sales. The small animals and are kept high for
the market. While for high milk producers, sales are concentrated on male goat kids (77%) and fe-
male goat kids (14%) while the adults are kept.

Table 1. Distribution of sales of goats (no, of animals) by farms following different milk production

strategies
Production modalities Total Sale male Sale female Sale female Sale chevons
sales goat (%) goats (%) goat kids (%) (%)
Low production (189 I/goat) 42 71 17 7 5
Medium production (327 l/goat) 37 76 8 8 8
High production (457 l/goat) 107 4 5 14 77

In the farms followed, the average price of male goat (usually for sacrifice) is 35 000 DA. A price
variation is signalled. An average male goat of 35 kg is estimated on the market at 45, 000 DA. The
selling price of goat meat at the butchers vary between 1000 and 1500 DA/kg.

IV — Conclusion

The goat meat value chain is built around a reduced number of actors. Today, valorization of this
meat based on a dietetic value that channels a segment of consumers is increasingly important.
The goat meat value chain requires an improvement of its chain links for a better valorization of
goat meat. For example, the creation of breed farms upstream. Downstream, the development of
advertising and the presence of goat meat in the shelves of outlets would also popularize this meat
and capture a larger segment of consumers.
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Abstract. In Greece sheep are bred for milk (75% of income) and lamb meat (25%). Wool production, an
internationally important production line, is nowadays considered worthless and in most cases, sheep wool
is discarded resulting a burden for the environment. The aim of this study was to make known the actions
that have been taking place in Epirus (Western Greece) since 2015, in order to underline the advantages of
sheep wool from local breeds and to explore alternative uses for commercial exploitation. Firstly, |dea
Generation Meetings between representatives of local agents (AGRCI and ATSBE) and the ATELIER “Wools
of Europe” were held and a specific 5 year action plan was designed. Secondly, a number of wool quality
analyses in three local sheep breeds (Katsika, Kalarrytiki and Frizarta, n=159) were carried out so as to
explore the specific characteristics of their wool. Additionally, the “Sheep Wool Day 2017” festival was organ-
ized in Epirus, which included scientific conference, display of wool products, book and photo exhibition and
children’s workshops relative to wool. Finally, the possibility of using wool from the above sheep breeds as
an insulating material was investigated with encouraging results. Seeking new alternative uses of wool is
expected to add value to the textile product and improve farmers’ income.

Keywords: Sheep — Breeds — Wool — Greece.

Races ovines locales en Epire et perspectives d’exploitation de la laine

Résumé. En Grece, les ovins sont élevés pour le lait (75% du revenu) et la viande d’agneau (25%). La pro-
duction de laine, une chaine de production d’importance internationale, est aujourd’hui considérée comme inu-
tile et dans la plupart des cas, la laine de mouton est rejetée comme un fardeau pour I'environnement. Le but
de cette étude était de faire connaitre les actions en cours en Epire (Gréce occidentale) depuis 2015, afin de
souligner les avantages de la laine de mouton de races locales et d’explorer la recherche d'utilisations alter-
natives a des fins d’exploitation commerciale. Premierement, des Réunions de génération d’idées entre des
représentants d’agents locaux (Centre de ressources zoo génétiques de loannina, Association des éleveurs
de transhumance) et 'ATELIER «Laines d’Europe» ont eu lieu et un plan d’action de 5 ans a été congu. Deuxie-
mement, un certain nombre d’analyses de la qualité de la laine chez trois races de moutons locales (Katsika,
Kalarrytiki et Frizarta, n = 159), ont été réalisées de maniere a explorer les caractéristiques spécifiques de leur
laine. En outre, le festival «Journée de la laine ovine 2017» a été organisé & Epire. Il comprenait une confé-
rence scientifique, une exposition de produits en laine, de livres et de photos et des ateliers pour enfants re-
latifs a la laine. Enfin, la possibilité d’utiliser de la laine provenant des races de moutons susmentionnées comme
matériau isolant a été étudiée avec des résultats encourageants. La recherche de nouvelles utilisations alter-
natives de la laine devrait ajouter de la valeur au produit textile et améliorer les revenus des agriculteurs.

Mots-clés. Moutons — Races — Laine — Grece.

| — Introduction

In the entire Mediterranean region and particularly in Greece, sheep and goat farming is the main
livestock production sector, with a significant contribution to the national economy, rural sustain-
ability & development and preservation of life in countryside (Di Trana et al., 2015). Sheep and goat
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farming offers many comparative advantages, due both to the specific environmental conditions
of Greece and to tradition emerging through the centuries as part of its cultural heritage. Thousands
of families obtain or supplement their income from small ruminant farming.

Sheep in Greece are mostly bred for milk production which accounts for approximately 75% of the
producer’s income, while lamb meat production accounts for 25% of it. However, sheep wool has
a marginal economic value for farmers. Wool is the product harvested in sheep’s compulsory shear-
ing at the end of spring or early summer and contributes almost nothing to the farmer. On the con-
trary, in some other countries worldwide (e.g. Australia and New Zealand), wool production is the
main productive and economic line of sheep farming.

In 2017, sheep population in Greece was 8 592,619 in 87,109 flocks (ELSTAT, 2017). It is worth
noting that the statistics over time (since 2002) show that the number of sheep has remained rel-
atively stable, while flocks have decreased by around 20%. In the region of Epirus, in the same
year 714,551 sheep were bred (8.3% of the country) while the sheep flocks were 9,351 (10.1% of
the country). Finally, since 2002, the average size of sheep flocks is low, around 78 sheep and 38
goats (ELSTAT, 2017). From the total population of sheep, only a small part (about 5%) is classi-
fied as pure breeds. Furthermore, the population of these breeds has been reduced and some of
them are threatened by genetic erosion and extinction. In Epirus, the purebred sheep amounts to
lowlands about 65,000. The most populous breed is Frizarta, which is a domestic “synthetic” breed
that was created in the flat part of the region of Arta. It has high milk yield and adjustability in a wide
range of humidothermal conditions. Its wool is semi-fine with production around 1.5 kg per animal.
The other purebred breeds are Katsika loanninon, Kalarritiki, Mountain breed of Epirus and
Sarakatsaniki, which are threatened indigenous breeds with very low population (1163, 6961, 1639
and 4754 total animals, respectively). Their wool production is between 1.5 and 1.8 kg. These
breeds have some common characteristics such as disease resistance, durability to adverse and
changing weather conditions, ability to use poor pastures and to survive on limited food and wa-
ter resources. Ewes milk yield and lamb meat production of the above breeds are low and they do
not cover the demands of the modern intensive sheep farming systems. On the contrary, many wool
analyses have shown that the quality of their products is exceptional (Kondyli et al., 2012).

The wool-productive sheep breeds produce extremely thin wool, which is used by the yarns industry
for fabrics, clothes, knits, etc. (Chaupin, 2005). The majority of sheep breeds in Greece have long
coarse-wool fleece. The main feature distinguishing the Greek wool is its great heterogeneity.
Breeds have evolved over time and there are no recent studies on the wool traits. In the past many
craftsmen manufactured carpets, flocks, blankets, duvets, pillows, capes, trays and other utilitar-
ian items, but since the country’s entry into the EU (in 1980) the wool processing industry has
shrunk and almost disappeared. In recent years, efforts are being made to exploit the wool so that
it is not a waste of rearing.

In the past, wool production provided a low additional income for the small ruminant farmer. Un-
fortunately, today it is only a by-product of sheep farming, often rejected as a process, because it
is considered unprofitable. In addition, the price of the wool is so low in some cases that it does
not cover the expenses for the harvest. The aim of this study was to make known the actions that
have been taking place in Epirus (Western Greece) in order to highlight the advantages of sheep
wool from local breeds and to propose alternative uses for commercial exploitation.

Il — Materials and methods

A number of actions have taken place in Epirus (Western Greece) since 2015 in order to show the
advantages of sheep wool from local breeds. They can conveniently be sorted out as Workshops
and Wool Quality Analyses:
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1. Workshops

A number of Idea Generation Meetings between representatives of local agents (Animal Genetic
Resources Center of loannina —~AGRCI, Association of Transhumance Stock Breeders of Epirus
—ATSBE) and the ATELIER (European Association for Study, Liaison, Innovation, Research into
Textiles) “Wools of Europe” were held in Epirus and a specific -5 year— action plan was designed
since 2015. The representative of the local wool handcrafters contributed their experiences from
the wool market and presented the problems they face. Two sheep farmers offered gratis the an-
nual wool production of their Katsika breed flocks in order to be examined from the specialized lab-
oratory of the Agricultural University of Athens and additionally to be used by a handicraftsman to
create exquisite products, adjusted to the type of the wool.

Moreover, the “Sheep Wool Day 2017” festival was organized in Epirus, to present the wool prod-
ucts that were produced and to promote the advantages of wool. The festival included scientific
conferences, display of wool products, book and photo exhibition and children’s workshops rela-
tive to wool (Pappas, 2017). Subsequently, 15 farmers from Greece participated in a 15 days mo-
bility program in South France for training on wool actions in 2018.

2. Wool quality analyses

Firstly, a study was carried out in order to estimate the quality of wool in two Greek sheep breeds
reared in Epirus: (i) Kalarrytiki (KL) and (ii) Katsika loanninon (KI), with the ultimate goal of high-
lighting the quality of the wool and exploring the possibilities of its utilization. The sampling took
place from April to June 2016. 50 and 56 samples from KL and Kl were analyzed. The samples
were assessed for the thinness of the wool (estimation of the fiber diameter) with optical micro-
scope, the length of the staples and the weight of unwashed wool.

Secondly, a study is in process since May 2018. It includes 53 samples from Frizarta breed, as-
sessing the same wool traits.

Thirdly, another study has been carried out in order to investigate the possibilities of using wool for
the manufacture of composite materials. Specifically, the length of the staples, the weight and the
diameter of wool were measured in samplings from 34 animals of the KL and Kl sheep breeds. Then,
a polymer composite matrix material was created which included the epoxy resin as a matrix ma-
terial and the wool as the fibrous material. Ten (10) wool samples of each breed were constructed.
The processing formulation of the samples was carried out in a heated pressure chamber. Me-
chanical properties measurements followed such as Bending Testing and Shear Testing.

Il — Results and discussion

Based on the results of the first study, the wool diameter was significantly higher in the KL com-
pared to Kl breed. Additionally, the effect of sex was significant with rams having longer diameter
than ewes, while statistically significant differences were found among flocks in each breed. The
variance coefficients expressing the degree of heterogeneity for wool diameter in each individual
showed that there was a very large heterogeneity for this trait (Xarchakos et al., 2017). Thin di-
ameters (<30 p) are extremely small and the majority of fibers have a diameter of 40 — 80 um. Con-
sidering that KI and KL breeds are milk productive breeds and milk production is negatively cor-
related with wool production, specifically with the thinness of the fiber, account for the fact that Greek
wools are not used in weaving fine fabrics, because the resulting fabrics give the sense of rough-
ness in direct contact with the human skin. The quality of Greek wool makes it more suitable for
the textile industry for the fabrication of carpets or for other alternative uses.
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The results of the third study concluded that the mechanical properties of the epoxy resin are not
degraded when combined with sheep wool. Additionally, it was found that adding wool to an epoxy
matrix causes a slight increase in flexural strength of the composite material (Pardou et al., 2018).
Furthermore, it can be concluded that wool can enhance thermal insulation performance of com-
pound materials by a significant percentage. Specimens with wool of KL breed had a coefficient
of thermal conductivity reduced by 25%, while specimens with wool from the Kl breed by 30%. The
different heat-insulating behavior of composite materials with sheep wool is probably due to dif-
ferences in the diameter of the wool.

Ill - Conclusions

According to the International Wool Textile Organization (IWTO), “all wool finds its use” (www.iwto.org).
It is a natural and renewable resource that is produced invariably every year. Wool has many nat-
ural properties that are beneficial for health, wellness and comfort. Wool products, for example, can
offer UV protection, humidity control, high thermal resistance, breathability, sound reduction and toxic
chemical absorption. Considering its unique properties makes it worth rediscovering and reconfig-
uring it. The amount of wool produced each year in Greece and generally around the Mediterranean
region, is so high that it is worth trying to bring it back to the production system. Additionally, the use
of wool for the manufacture of composite materials will contribute to the construction of products that
are durable and environmentally friendly. Also, the adaptation of the use of wool to the requirements
of modern society (layers, pillows, clothing, thermal insulation, sound insulation etc.) is expected to
boost wool production. The collaboration of the domestic crafts with industries that are involved in
the production process can help towards this direction. The consumers should be informed and made
aware of the benefits of wool products compared to both synthetic and cotton wool.

Seeking new alternative uses of wool, classifying it on the basis of quality and certifying the sheep
breed it originates from, is expected to add value to the product and improve farmers’ income.
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Exploration des potentialités de développement
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dans les oasis d’Ouarzazate (Maroc)
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Résumé. L'oasis Marocaine est un vaste territoire qui associe I'élevage caprin a des cultures végétales dont
principalement le palmier dattier. Dans la région d’Ouarzazate, des coopératives féminines développent des
activités basées essentiellement sur la vente et la transformation du lait de chévre en fromage. Ces activités
constituent une source insuffisante de revenus pour ces femmes et leurs foyers. Dans ce contexte, ce travail
a été réalisé dans l'objectif d’identifier les possibilités et les opportunités d’'une valorisation plus rentable du
lait de chévre par ces coopératives. Le travail a été basé sur des enquétes de terrain et des discussions avec
les dirigeantes de 30 coopératives potentielles de la région. Les résultats montrent que toutes les adhérentes
de ces coopératives disposent d’'un petit cheptel caprin de 3 a 4 chévres de race « Alpine » et « Dréa » ; en
plus, 81% de ces adhérentes possédent des vergers de dattes. Cette datte, de trés faible valeur marchande,
est destinée a I'autoconsommation. L'excédent est transformé par un procédé traditionnel en aliment de
bétail. Les enquétes ont révélé aussi que le 'adhésion de toutes ces coopératives a une unité de valorisa-
tion du lait (basée actuellement a Ouarzazate) constitue une potentialité pour développer un yaourt a base
de morceaux ou de sirop de dattes. Cette unité dispose des équipements et du savoir-faire permettant de
développer et commercialiser ce produit laitier, qui pourra constituer une source des revenus supplémen-
taires pour les coopératives féminines.

Mots-clés. Coopérative — Lait de chévre — Datte — Femme — Oasis.

Exploration of potentialities of development of a new dairy product based on date fruits in the oases
of Ouarzazate (Morocco)

Abstract. The Moroccan oasis is a vast territory that combines goat farming with plant crops, mainly the date palm.
In the Ouarzazate region, women’s cooperatives develop activities based mainly on the sale and processing of
goat’s milk into cheese. These activities are an insufficient source of income for these women and their homes.
In this context, this work was carried out with the objective of identifying the possibilities and opportunities for a
more profitable valorisation of goat milk by these cooperatives. The work was based on field surveys and dis-
cussions with agents of 30 potential cooperatives in the region. The results show that all members of these co-
operatives have a small goat herd of 3 to 4 Alpine and Dréaa breed; in addition, 81% of these members own date
orchards. This date fruit, of very low market value, is intended for self~consumption. The surplus of date production
is transformed through a traditional process into livestock feed. The surveys revealed, also, that the membership
of all these cooperatives to a milk valorization unit (currently based in Ouarzazate) constitutes a potential for de-
veloping a yogurt based on date fruit or syrup. This unit has the equipment and know-how to develop and mar-
ket this dairy product, which can be a source of additional income for women’s cooperatives.

Keywords. Cooperative — Goat milk — Date-palm — Woman — Oasis.
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| — Introduction

A l'échelle des oasis, la femme occupe une place prépondérante dans le tissu coopératif et dans
le fonctionnement des unités de production vu la migration des hommes dans les régions Nord du
Maroc ou a I'étranger. Aussi, les coopératives féminines dans cette région focalisent leurs activités
dans le développement économique de leur terroir a travers des activités génératrices de revenus
tel que la valorisation des produits locaux (MAES, 2017). Cette valorisation se limite a la transfor-
mation du lait en fromage frais malgré I'excédent laitier qui s’oriente vers 'autoconsommation (Nout-
fia et al., 2016). En plus, les oasis Marocaines sont réputées par la diversité des génotypes de
palmier dattier (Phoenix dactylifera L.) : 453 variétés de dattes y ont été recensées, a c6té des khalts
(hybrides issus d’'un semis naturel) qui représentent environ 55 % de I'effectif total (INRA, 2011).
Cependant, la valorisation de la datte reste, a I'instar du lait, insuffisante et se limite actuellement
a la transformation en sous produits comme le sirop, la confiture, la pate (Harrak et al., 2018). Or,
d’autres potentialités de valorisation se présentent comme l'incorporation de ce fruit noble dans des
produits laitiers. Dans ce contexte, ce travail a été réalisé dans I'objectif d’identifier les opportunités
d’une valorisation plus rentable du lait de chévre et de la datte par ces coopératives.

Il — Matériel et méthodes

Un questionnaire d’enquéte a été préparé pour comprendre ‘la place’ de la datte dans la vie quo-
tidienne des coopératives féminines de la région d’Ouarzazate et de dénicher, par la suite, les voies
possibles d’une valorisation plus rentable de ce fruit. Les enquétes ont étés réalisées aupres de
30 femmes dans cinq localités :

— Zaouiet Sidi Othmane ;

— Tagharamte ;

— Isfoutalil ;

— Tifoultoute ;

— Tamassinte.
Le choix des sites d’enquétes et des coopératives enquétées a été fait conjointement avec des
établissements régionaux de développement et de vulgarisation agricole dans le cadre d’'un atel-

ier participatif. Ainsi, la structure des coopératives féminines ayant contribué a ces enquétes se
présente comme suit (Fig. 1).

B

W2let30ans ’
m Célibataire
m3let40ans
B Mariée sans enfants
m4let50ans
M Mariée avec enfants
Wplusde 50ans

Fig. 1. Situation familiale et tranche d’age des femmes relevant des coopératives féminines de la
région d’Ouarzazate.

A noter que toutes les coopératives féminines enquétées adhérent a une unité semi-industriel
(COROSA) qui oriente ses activités dans la transformation du lait en fromage frais et semi affiné.
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Ill - Résultats et discussion

1. Importance élevage

Dans la région d’Ouarzazate (concernée par ces enquétes), les coopératives féminines disposent
d’'un nombre moyen d’environ 4 tétes de chévre et 4 tétes de brebis par foyer (cf. Fig. 2). Cepen-
dant, le cheptel bovin n’a été recensé qu’avec un pourcentage tres faible de 0,15%. L'élevage pra-
tiqué est de type intensif pour toutes les coopératives.
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Fig. 2. Répartition moyenne du cheptel au sein des foyers féminins de
la région d’Ouarzazate.

Pour la production du lait de chévre, une moyenne de 2,4 litres/jour/téte a été notée. Cette pro-
duction est orientée principalement vers la vente (85%) a l'unité de fabrication COROSA de fab-
rication du fromage ; de ce fait, 'autoconsommation ne dépasse pas 15%.

2. Place et valorisation de la datte

Au niveau des foyers enquétés, 84% des femmes oasiennes disposent des pieds du palmier dat-
tier (cf. Fig. 3). Cet effectif se compose principalement des khalts (56%) et du mélange khalts et
variétés de dattes connues (20%). Les khalts cultivés par ces coopératives sont caractérisés par
des petits calibres et une teneur en eau faible (dattes séches). Aussi, ces khalts sont principale-
ment dénommeés : Metrouh et Sayer. La production moyenne en dattes a été estimée a 76 kg/pied
et le nombre moyen des pieds (arbres) recensé pour chaque foyer féminin est de 16.

mNon

mVariété connue

mKhalt(variété méconnue)
mKhaltet variété connue

Fig. 3. Distribution du palmier dattier dans les foyers des coopératives
de la région d’Ouarzazate.
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Les coopératives ne disposant de dattes achétent ce fruit au niveau des souks et marchés locaux
a un prix moyen de 24 Dirhams/kg. Les quantités achetées varient considérablement d’un foyer
a lautre. Ainsi, il a été enregistré que ces quantités peuvent atteindre jusqu’a 400 kg (pour une
utilisation ultérieure en tant qu’aliment de bétail) par foyer et dans certains cas, cette quantité ne
dépasse pas 2 kg (c’est le cas d’autoconsommation).

A

mNon
mAliment de bétail
= Patisserie traditionnelle

= Aliment de bétail+Patisserie
traditionnelle

Fig. 4. Destination de la datte cultivée et achetée par les membres des
coopératives féminines de la région d’Ouarzazate.

La Figure 4 relate qu’environ v de ces coopératives n’ont aucun savoir faire en matiére de trans-
formation des dattes. Pour cette catégorie, la datte est consommée sans aucune transformation
a I'échelle des ménages. Cette figure montre, aussi, que plus de la moitié des coopératives ont
recours a une valorisation des dattes a faible valeur marchande en aliments de bétail (principale-
ment pour les chévres). Ce type de valorisation se fait en procédant par un séchage solaire tra-
ditionnel (sous les rayons solaires) des dattes d’une durée moyenne de 10 mois. Aprés séchage,
les dattes sont broyées et mélangées avec des aliments tel que : la paille, I'avoine, le son de blé,
morceaux de pain, 'orge... Par ailleurs, les femmes relevant de ces coopératives ont manifesté
un grand intérét a une valorisation plus rentable de leurs lait et dattes a travers d’autres produits
dont principalement le yaourt de dattes.

IV — Conclusions

La présente prospection a montré que le 'adhésion de toutes les coopératives a une unité de val-
orisation du lait (COROSA) pourrait constituer un canal prometteur pour le développement d’'un
yaourt a base de morceaux ou de sirop de dattes. Cette unité dispose des équipements et du
savoir-faire permettant de développer et commercialiser ce produit laitier, qui constituerait une
source des revenus supplémentaires pour les coopératives féminines.
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Abstract. We analysed the biodiversity of foliage arthropods in nine sheep grazed pasturelands in five European
countries. During the maximum flowering period in 2018, entomofauna was collected in 4-6 areas within each
pasture, performing 6 transects/area and 25 sweeps per transect. Multivariate analyses tested the differ-
ences in total arthropod community composition among degrees of intensification, bioregions and types of
pastures. A total of 51,474 arthropods from 3 classes, 17 orders and 95 taxonomical groups were recorded.
Univariate analyses revealed that total arthropod abundance was higher in extensive than in intensive sys-
tems (P<0.01). It also differed between bioregions (higher in Alpine than in Continental, P<0.05) and between
types of pastures (higher in mountain than in lowland pastures where animals are supplemented, P<0.05).
Total taxa richness was not influenced by any of the three factors. However, multivariate analyses indicated
that community composition differed among intensive and extensive systems, bioregions and types of pas-
tures (P<0.001). The greatest differences occurred between Alpine and Mediterranean (P<0.001), and
Mediterranean and Continental pastures (P<0.05), as well as between lowland seminatural and improved
pastures (P<0.05), and seminatural and mountain pastures (P<0.001). These results reveal the complex and
varied communities associated to the diverse sheep systems and valorise the role of the more extensive,
mountain and natural pastures for the conservation of biodiversity in sheep grazed areas.

Keywords. Arthropods — Biodiversity — Sustainability — Management.

Biodiversité associée aux paturages de moutons européens

Résumé. Nous avons analysé la biodiversité des arthropodes du feuillage dans neuf paturages situés dans
cinq pays européens et paturés par des moutons. La faune a été collectée dans 4-6 zones de chaque pétu-
rage, effectuant 6 transects/zone et 25 balayages/transect. 51 474 arthropodes de 3 classes, 17 ordres et 95
groupes taxonomiques ont été enregistrés. Des analyses univariées ont révélé que I'abondance d’arthropodes
était plus élevée dans les systemes extensifs que dans les intensifs (P<0,01). Il differe également entre les bio-
régions (plus élevées dans les Alpes que dans les Continentales, P<0,05) et entre les types de péaturages (plus
élevées dans les péaturages de montagne que dans les plaines ot les animaux sont supplémentés, P<0,05).
La richesse totale des taxons n’a pas été influencée par aucun des trois facteurs. Les analyses multivariées
ont indiqué que la composition de la communauté différait entre les systemes intensifs et extensifs, les bioré-
gions et les types de paturages (P<0,001). Les différences les plus marquées ont été observées entre les pa-
turages alpins et méditerranéens (P<0,001), méditerranéens et continentaux (P<0,05), ainsi qu’entre les pa-
turages semi-naturels et améliorés des plaines (P<0,05). Ces résultats révelent les communautés complexes
et variées associées aux divers systémes ovins et valorisent le réle des péaturages plus étendus, montagnards
et naturels, pour la conservation de la biodiversité dans les zones de péturage ovin.

Mots-clés. Arthropodes — La biodiversité — La durabilité — La gestion.
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| — Introduction

Sheep are of great importance as a major source of livelihood of the small farmers and the land-
less in rural communities, and they also contribute to peri-urban and increasingly to urban house-
holds by providing food, income, socio-cultural wealth, clothing, etc. Therefore, their management
can have multiple impacts including food safety and security in some areas (Scortichini et al., 2017).
Additionally, sheep farming systems interact with the environment and the link between animal pro-
duction and natural environment is acquiring more importance for the sustainability of the farm sys-
tem (de Rancourt et al., 2006). In parallel, consumer awareness about quality and sustainability
of the production cycle of animal food products is also increasing. In this paper we evaluated the
biodiversity of arthropod fauna in nine sheep grazed pasturelands located in five European coun-
tries which include different bioregions, types of pastures and degrees of intensification.

Il — Materials and methods

1. Study sites

A total of 9 farms, which had pastures available for sheep grazing, were surveyed to assess their
arthropod abundance and diversity. The pastures were located in Germany, Italy, Portugal, Slove-
nia and Spain. Each site was characterized according to the bioregion, the type of pasture avail-
able to sheep (from grasslands and grazed forests to pastures combined with indoor supplemen-
tation during the grazing season) and its management system (degree of intensification) (Table 1).

Table 1. Description of the farms according to the country, bioregion, type pasture and
type of management. N: number of sampling areas within each site

Country Site Bioregion Pasture Management N
Germany AG Continental GF Extensive 4
Italy IT Alpine MP Extensive 5
Portugal ESA Atlantic PS Intensive 4
Portugal SE Atlantic SG Extensive 4
Portugal GEO Mediterranean GF Extensive 4
Portugal IP Mediterranean PS Intensive 4
Slovenia SL Alpine MP Extensive 4
Spain SC Atlantic P Extensive 6
Spain SS Atlantic IP Extensive 6

GF: grassland-forests; IP: improved pastures; MP: mountain pastures; PS: improved pastures
and nearby indoor supplementation, SG: seminatural grasslands.

2. Sampling and statistical analyses

The arthropods were sampled by sweep-netting in 4-6 areas per farm during the maximum bloom-
ing period of the pastures in 2018. In each area 6 random transects were established and within
each one 25 sweep nets were performed. All the arthropods from each transect were transferred
to a re-sealable zipper bag for further analyses in the laboratory. Arthropods were classified to Or-
der level, and within the Orders Araneae, Hemiptera, Orthoptera and Coleoptera, to family level.
ANOVA analyses were performed with SPSS 23 version to test differences in abundance and di-
versity of arthropods between management types, bioregions and types of pastures. To investigate
differences in fauna composition among the same factors, we used permutation-based hypothe-
sis testing (ANOSIM analyses) implemented in PRIMER 6.1. Multi-dimensional scaling (MDS) plots
were generated to visualize differences in arthropod assemblages among factor levels. Similarity
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was determined using the Bray-Curtis similarity coefficient. The sampling areas were the experi-
mental units for the statistical analyses and data were log (x+1)-transformed when necessary to
meet ANOVA assumptions. Post hoc comparisons were performed using the Bonferroni adjustment.

Il — Results and discussion

The dataset during this first sampling period included 51,474 arthropods from 3 Classes, 17 Or-
ders and 95 taxonomical groups. The most abundant groups were Diptera (34.4% of all individu-
als), Homoptera (14.9%), Symphypleona (14.9%), Coleoptera (11.7%) and Hymenoptera (9.7%).
Univariate analyses revealed that total abundance of arthropods was higher in extensive (mean
standard deviation: 1375.5 individuals 843.8) than in intensive (760.4 489.2) farms (P<0.01). A gen-
eral positive trend with arthropod abundance increasing along decreasing stocking rate gradients
has been reported in previous studies (Scohier and Dumont, 2012), although taxa-specific res-
ponses have been frequently reported (Rosa Garcia et al., 2009). Total arthropod abundance also
differed between bioregions (P<0.05), with the highest differences (P<0.05) between Alpine (1771.1
individuals 569.6) and Continental (593.8 185.8) areas. Traditional farming and the related prac-
tices in mountain areas are often associated with high biodiversity, and there are increasing efforts
to maintain them in order to mitigate the impacts of their decline on mountain landscapes and bio-
diversity (Pykala, 2000). The type of pasture was also important (P<0.05), and total abundance was
higher (P<0.01) in mountain pastures (1771.1 individuals 569.6) than in lowland pastures (760.4
489.2). Mountain pastures are characterized by lower degree of specialization and use more en-
vironmentally friendly farming practices than more modern systems (Marini et al., 2011). Total taxa
richness was not influenced by any of the three factors.

Multivariate ANOSIM tests indicated that community composition differed between intensive and ex-
tensive systems, bioregions and types of pastures (P<0.001). The subsequent pairwise tests for the
different bioregions indicated that the greatest differences occurred between Alpine and Mediter-
ranean (R2: 0.83; P<0.001), and Mediterranean and continental pastures (R%: 0.88; P<0.05). The
MDS analysis helped to visualize those differences (Figure 1). A gradient from Alpine and Continental
sites on the left side was followed by Atlantic conditions and the Mediterranean sites on the oppo-
site right side. Analysing broad biogeographical patterns in species assemblages constitutes a crit-
ical step towards elucidating the factors shaping them (Rosenzweig, 1995). Regarding the differ-
ences between the types of pastures, the ANOSIM test detected the strongest differences in fauna
composition between lowland improved and seminatural pastures (R2: 9.993; P<0.05), and between
seminatural and mountain pastures (R: 0.952; P<0.001). The most similar strategies regarding pas-
ture availability were seminatural pastures and systems where sheep had pastures and additional
supplementation available (R: 0.149), and seminatural pastures and grassland-forests (R: 0.156).

IV — Conclusions

The arthropod communities are useful bioindicators to assess differences between farming sys-
tems and they can be a valuable tool to valorise the role of traditional extensive, mountain and nat-
ural pastures for the conservation of biodiversity in European sheep grazed areas. In this indica-
tive study arthropod community composition was influenced by the type of pasture, bioregion and
management, reflecting the diversity of environmental scenarios existing across European pastures.
Globally, abundances of foliage arthropods were higher at more extensive, traditionally managed
pastures compared to those more intensively managed. Further research with increased replica-
tion and sampling periods will clarify these patterns.
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Fig. 1. MDS ordination of the 4-6 areas of each farm according to the arthropod composition and abun-
dance (log (x+1)-transformed). Information about the codes of the farms and the sampling units
within each one is included in Table 1.
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Résumé. Les fermes d’élevage constituent la base économique, sociale et territoriale de I'agriculture a Can-
tabria. Actuellement, un peu plus de 72% des fermes, ayant des vaches a Cantabria, sont spécialisées en
production de viande. Celles-ci sont principalement situées a l'intérieur de la région et dans les zones de
montagne, ou la gestion habituelle est le paturage libre du bétail dans les paturages communaux (présents
sur un tiers du territoire). L'objectif de ce travail est de caractériser, du point de vue productif et socioécono-
mique, le cheptel bovin a Cantabria, en accordant une attention particuliére au territoire (paturages et terres
communales). A cette fin, une enquéte directe a été réalisée dans 92 exploitations.

Mots-clés. Bovins — Production de viande — Gestion du territoire — Paturages communaux — Cantabria.

Characterization of beef cattle farms in Cantabria, from the management of the territory

Abstract. The farms with cattle constitute the economic, social and territorial basis of agriculture in Cantabria.
Currently, more than 72% of farms with cows in Cantabria are of meat. These are mainly located in the inte-
rior strip and in mountain areas, where the usual management is the free grazing of cattle in the communal
pastures, which account for a third of the community’s territory. The objective of this work is to characterize,
from the productive and socioeconomic point of view, and from a survey of 92 farms, cattle herds with beef cows
in Cantabria, paying special attention to the management of the territory.

Keywords. Beef cattle — Meat production — Land management — Common pastures — Cantabria.

| — Introduction

A Cantabria, région située au Nord de 'Espagne, les paturages communaux (PC) occupent un tiers
du territoire et les paturages herbacés représentent 44,2% de la surface agricole utile (SAU) (Fer-
nandez, 2007). Ces surfaces étant directement liées a la contribution des services écosystémiques,
elles sont donc au centre de la nouvelle architecture verte de la PAC. lIs constituent, traditionnel-
lement, la principale ressource alimentaire de I'élevage de bovins destinés a la boucherie situés,
principalement, dans les régions de I'intérieur et de la montagne, ou la gestion habituelle consiste
au paturage libre de bovins dans les paturages communaux.

D’autre part, I'élevage bovin est un secteur stratégique dans cette région en raison de son im-
portance économique, sociale et territoriale, puisqu’il représente 63,7% du nombre total d’exploi-
tations, 54,1% de la SAU, 78,5% des unités de travail agricoles (UTA), 95,6% des unités d’élevage
(UG) et 93,4% du produit standard total (PET) (INE, 2019). Au cours des derniéres décennies, son
évolution a été marquée par un processus d’ajustement structurel intense, qui a entrainé une forte
concentration d’exploitations et un processus de réorientation de la production laitiere vers la viande
(Arnalte, 2007 ; Vazquez et al., 2017).
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Compte tenu de la centralité des bovins a viande dans la gestion du territoire et de ses implica-
tions, ce papier a pour objectif de permettre une caractérisation productive et socio-économique
de I'élevage de vaches de boucherie a Cantabria. On préte spéciale attention a la gestion territo-
riale dans le sens de I'utilisation des paturages communaux et les soi-disant ports communaux.

Il - Méthodologie

Une enquéte a été menée entre juin 2017 et avril 2018, au moyen d’un entretien personnel direct
a 92 exploitations agricoles. La sélection initiale a été effectuée sur la base du nombre de vaches,
en utilisant un échantillonnage aléatoire stratifié de la variance minimale de Neyman, avec une er-
reur d’échantillonnage de 5% et un niveau de confiance de 95% (Tableau 1).

Tableau 1. Caractéristiques de I’échantillonnage des fermes d’élevage de bovins a

viande. 2016
N° vaches N° exploitations N° Entretiens Facteur d'élévation’
<10 2.036 23 88,5
10a29 1.246 33 37,8
30a49 498 13 38,3
50 a 99 294 16 18,4
2100 39 7 5,6
TOTAL 4113 92 447

' Le facteur d’élévation est le quotient de la population parmi le nombre d’enquétes.
Source: Données de I'enquéte.

Les résultats se présentent en se référant a 'ensemble de la population (Sineiro et al., 2013) et cela
est fait & partir du module Echantillons Complexes du logiciel SPSS, qui utilise le facteur d’élévation.
Ce logiciel réalise des analyses statistiques descriptives (valeurs moyenness et fréquences) et le Mo-
déle Linéaire Général Univarié pour la détermination de différences statistiques significatives.

Les résultats sont présentés selon trois niveaux de gestion du territoire : non communal (NPC),
paturages communaux (PC), paturages et ports communaux (PPC)*. Pour cela faire, nous avons
utilisé le Module d’échantillons complexes du programme statistique SPSS et le Modéle linéaire
général univarié pour trouver les différences statistiquement significatives.
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n= taille de I'échantillon ; nh= taille de 'échantillon par strate ; E= erreur maximale de I'’échantillonnage
; K= coefficient associé au niveau de confiance ; Y= valeur de population de la variable i (SAU) ; Sh=
écart type de la variable i (SAU) au strate dans la strate j ; Sh?= variance de la variable i (SAU) dans
la strate j ; et L= dernier strate.

1. La dénomination paturages et ports communaux fait référence aux paturages communaux de montagne
d’autres régions, utilisés en régime de transhumance. En conséquence, les exploitations qui utilisent les
paturages communaux se situent, seulement, a Cantabria et celles qui utilisent les paturages et ports com-
munaux se localisent a Cantabria et d’autres régions.
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Il - Résultats

Les résultats suivants sont une extrapolation des données de I'enquéte élevées a la population de Can-
tabria, en appliquant la méthodologie décrite au point précédent. Le paturage libre sur des commu-
naux est une gestion courante dans les élevages a Cantabria (Tableau 2). Sur les 4.113 élevages de
bovins de boucherie existant en 2016 (donnée a 29/6/16, SITRAN, 2017), 55,1% utilisent des surfaces
communales dans leur systéme de gestion. Les PC constituent, donc, une ressource alimentaire de
premier ordre pour les bovins a viande. A ces exploitations s’ajoutent 200 exploitations qui, outre I'uti-
lisation de ces paturages communales, paturent également dans des paturages communaux, situés
en dehors de la région. D’autre part, 39,9% du total des exploitations n’utilisent pas les PC et se si-
tuent principalement dans la bande cétiére. En outre, le plus grand nombre des exploitations PC sont
des entreprises familiales, et 1,9% seulement des exploitations qui utilisent ces espaces adoptent un
type de formule d’entreprise en forme de société (elles atteignent 10,2% dans le NPC et cette formule
n’existe pas dans le PPC), dont la plupart sont aussi des exploitations familiales.

Tableau 2. Distribution des variables liées aux caractéristiques productives chez les vaches a viande,
en fonction de I'utilisation des paturages communaux. 2016

Fermes et bétail NPC* PC? PPC? Total
N° de exploitations 1.647 2.266 200 4.113
Sociétés (% expl.) 10,2 1,9 0 5,2
N° vaches a viande 21.541 67.600 12.031 101.172
Vente de veaux (n°) par exploitation 9,0c 20,5b 424 a 17,0 **
Total de vaches par exploitation 13,1¢c 29,8 b 60,1 a 24,6**
Charge de bétail (vaches/ha SAU) 09b 23a 2,4 a 1,7

Signification statistique: *** 0,1% ; ** 1% ; * 5% ; t tendance (5-10%); ns = 10%. Les sous-indices avec des
lettres différentes indiquent des sous-ensembles homogeénes trés différents au niveau de 5%.
' Pas de paturages communaux. 2 Paturages communaux. * Paturages et ports communaux.

Le plus grand nombre de vaches est concentré dans les exploitations qui utilisent le PC, avec
66,8% du recensement total et 67.600 vaches ; les NPC totalisent 21.541 vaches, et 12.031 sont
les fermes qui tirent parti des PC et des PPC. La densité du cheptel la plus élevée (2,4 vaches/ha
SAU), correspondant au plus grand nombre de vaches par exploitation (60,1 vaches), se situe dans
les exploitations qui utilisent les PPC. A l'autre extréme, se situent les fermes NPC, qui ont & la
fois un taux de charge inférieur (0,9 vache/ha) et un nombre moyen de vaches inférieur (13,1
vaches). La vente de veaux est la principale activité économique des élevages de bovins a
viande. Ainsi, les exploitations qui utilisent le PPC vendent en moyenne 42,4 veaux/an, celles qui
utilisent seulement les PC, 20,5 veaux/an, tandis que les exploitations n’utilisant pas de PC dé-
clarent vendre 9 veaux/an. En ce sens, 80,7% des exploitations vendent les veaux sous forme de
‘pasteros®?, principal débouché pour les veaux & Cantabria.

Le Tableau 3 montre I'importance des paturages dans le secteur bovin a viande. 94% de la SAU
des exploitations sont des surfaces de paturage, au méme temps que les exploitations qui utili-
sent des PC possédent le pourcentage majeur de SAU destinée a cet usage (98%). Malgré I'uti-
lisation majoritaire du paturage, la consommation de concentré dans I'hiver est plus élevée dans
les exploitations qui utilisent des PC (2,2 kg/vache lactation/jour) que dans celles qui ne les utili-
sent pas (0,5 kg/vache/jour). Ceci est lié au fait que les paturages communaux se trouvent dans
des zones de plus grande hauteur et de climatologie défavorable, avec des hivernages plus longs
et une qualité nutritionnelle inférieure qui conseillent des suppléments.

2. Veaux vendus au stade de la lactation et/ou nourris, également a base de paturages, par opposition aux
veaux engraissés. La dénomination pasteros fait référence au terme paturages en espagnol (pastos).
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Tableau 3. Variables (valeurs moyennes) par rapport a la base territoriale et variables liées a I’alimen-
tation, en fonction de l'utilisation des paturages communaux. 2016

Territoire et gestion alimentaire NPC PC PPC Total
SAU paturages (% s. total SAU) 88,7b 98,0 a 92,1 ab 94,0 *
Consommation de concentré (kg/vache lactation/jour) 0,5b 2,2a 1,3 ab 1,5%*

Méme note de bas de page que dans le tableau 2. Source: Données de I'enquéte.

Le Tableau 4 montre de nouvelles différences entre les groupes d’exploitations étudiées en ter-
mes de titulaires. En ce qui concerne I'age, les éleveurs ont en moyenne 51 ans, trés semblable
aux exploitations laitieres (Vazquez et Garcia, 2018). Ainsi, le groupe des exploitations de PC et
de PPC a des éleveurs plus jeunes que le groupe des NPC et, en outre, les PC ont un pourcen-
tage relativement faible, 40,3%, de titulaires a age élevée (= 55 ans). Par ailleurs, les exploitations
de NPC souffrent du manque le plus important de reléve générationnel (68,4% des exploitations
n’ont pas leur succession assurée) et d’une plus forte proportion de titulaires agés (= 55 ans). Par
conséquence, la viabilité potentielle des élevages de bovins de boucherie incombe aux exploita-
tions qui utilisent le PPC, suivies de celles qui utilisent uniquement des PC.

Tableau 4. Variables (valeurs moyennes) liées a la personne titulaire, en fonction de I'utilisation des
paturages communaux. 2016

Titulaires et succession NPC PC PPC Total
Age de I'éleveur/éleveuse 54,0 49,3 46,7 51,0 ns
Exploitant 255 années (% bétail) 61,8 40,3 31,1 48,5
Expl. sans succession (% s. total éleveurs/éleveuses =55 années) 68,4 447 29,5 56,3

Méme note de bas de page que dans le Tableau 2. Source: Données de I'enquéte.

Le Tableau 5 présente les variables économiques statistiquement significatives de I'étude. La di-
mension plus importante du bétail dans les exploitations qui utilisent PC et PPC les améne a ob-
tenir des revenus plus élevés, comme l'indique la variable produit brut (PB), mais également des
colts totaux plus élevés (CT). Cependant, les fermes qui n’utilissent pas de PC, proportionnelle-
ment et par rapport au nombre total de vaches, ont un CT supérieur a celui des troupeaux de NPC.
Ceci est lié a la dimension productive inférieure de ces exploitations reflétée, aussi, dans la MN
négatif des exploitations NPC.

Tableau 5. Variables économiques (valeurs moyennes) dans les élevages de vaches a viande, en fonction
de l'utilisation des paturages communaux. 2016

Variables économiques NPC PC PPC Total
Produit brut (PB)" (€) 10.664 b 24135 a 38.380 a 19.433***
Codt total (CT)? (€) 11.785b 17.648 a 31.802 a 15.988*
Marge nette (MN)? (€) (-1.121) b 6.487 a 6.579 a 3.445**

Méme note de bas de page que dans le Tableau 2. Source: Données de I'enquéte.

' Le produit brut est la somme des revenus de I'activité agraire (principalement, vente de veaux et subventions).
2 Le codt total inclu les co0ts fixes, colts variables et amortissements.

3 La marge nette est la différence entre PB et CT.
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IV — Conclusions

Les variables analysées permettent de caractériser les élevages de bovins a viande, d’un point de
vue territorial. Deux groupes d’exploitations importants ont été distingués :

— les plus nombreux et dynamiques, avec des propriétaires plus jeunes, des nombres de
vaches majeurs et des densités du cheptel plus importantes utilisant des paturages et des
ports communaux et vendant un plus grand nombre de veaux, principalement destinés a
les finir dans d’autres régions. Ce groupe est divisé entre les exploitations utilisant unique-
ment des PC et celles utilisant des PPC, plus intensives.

— l'autre moins nombreux, avec des propriétaires plus agés et sans perspectives de succes-
sion, avec des dimensions de bétail plus petites et des pires résultats économiques qui
n’utilisent pas des surfaces communales. Méme si, a priori des exploitations ayant des terres
propres sont censeés de montrer des charges plus élévées, cela n’est pas la réalité dans la
région ou la structure de la proprieté fait nécessaire I'appel aux communales si 'on veut obte-
nir des majeurs productivités. Aussi, ce groupe est conformé par des titulaires proches de la
retraite qui ne visent pas un avenir pour I'exploitation et qui sont, clairement, touchées par le
processus d’ajustement structurel intense dont on a parlé dans l'introduction.

A Cantabria, les paturages et les ports communaux vertébrent 60% des exploitations étudiées. Cela
montre leur importance dans 'alimentation du bétail et dans la gestion du paysage. D’une part, le
maintien des exploitations des NPC est certainement compliqué par sa faible viabilité, a la fois éco-
nomique et démographique. Cependant, malgré les données économiques, il convient de noter
que l'utilisation des PC est une caractéristique déterminante du secteur et, compte tenu de son
importance, constitue une opportunité pour la promotion de systemes de production extensifs ba-
sés sur les paturages comme stratégie pour I'avenir du secteur a Cantabria.
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Effects of raising area and pasture type on
carcass and meat characteristics
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Abstract. The aim of this study was to characterize the lamb meat of the mountainous areas of the Northwest
“Djebel” of Tunisia. Lambs of Djebel group (D) were reared in a region characterized by mountainous terrain
and soil unsuitable for crops, lambs grazed natural forests with dominance of woody species. While in the
region of Bou-Rebiaa (BR) and Oueslatia (O), grazing pasture is based on herbaceous and lambs were sup-
plemented with concentrate and hay. At the age of 6 months, lambs (12 from Djebel; 12 from Bou-Rebiaa and
11 lambs from Oueslatia area) were slaughtered. Lambs’ slaughter body weight (SBW) was affected by the
pasture type (25.8, 26.8 and 22.6 kg for Djebel, Bou-Rebiaa and Oueslatia region, respectively). Also, high-
er carcass weight and higher dressing percentage were recorded for lambs from Djebel and Bou-Rebiaa.
Similarly, the skin, head and feet weights were higher for these groups; these organs are strongly correlated
to the SBW which was higher for Djebel and Bou-Rebiaa regions. Similarly, higher ultimate pH and lower
meat lightness (L*) were recorded for lambs from Djebel area. In conclusion, lambs grazing natural forests in
the mountainous area presented similar carcass weight and SBW to those supplemented with hay and con-
centrate. Investigations on meat composition and eating quality are needed to characterize Djebel meat.

Keywords. Pasture type — Mountainous area — Lambs — Carcass characteristics — Meat quality.

Effets de la zone d’élevage et du type de paturage sur les caractéristiques de la carcasse et la qualité
de la viande des agneaux

Résumé. Le but de cette étude était de caractériser la viande d’agneau des régions montagneuses du “Djebel”
du nord-ouest de la Tunisie. Les agneaux du groupe Djebel (D) ont été élevés dans une région caractérisée par
un terrain montagneux et un sol impropre aux cultures, des agneaux ont paturé dans les foréts naturelles avec
une prédominance d’especes ligneuses. Alors que dans la région de Bou-Rebiaa (BR) et Oueslatia (O), les pa-
turages sont & base d’herbacées et que les agneaux ont été complétés avec du concentré et du foin. A I'dge de
6 mois, des agneaux (12 de Djebel, 12 de Bou-Rebiaa et 11 agneaux de la région d’Oueslatia) ont été abattus.
Le type de paturage influait sur le poids d’abattage des agneaux (25,8, 26,8 et 22,6 kg pour les régions de Dje-
bel, Bou-Rebiaa et Oueslatia, respectivement). En outre, un poids de carcasse et un rendement commercial su-
périeurs ont été enregistrés pour les agneaux de Djebel et de Bou-Rebiaa. De méme, les poids de la peau, de
la téte et des pattes étaient plus élevés pour ces groupes; ces organes sont fortement corrélés au poids vif a I'abat-
tage qui était plus élevé pour les régions de Djebel et Bou-Rebiaa. De méme, un pH ultime plus élevé et une lé-
gereté de la viande (L *) plus faible ont été enregistrés pour les agneaux de la région de Djebel. En conclusion,
les agneaux élevés dans les foréts naturelles de la région montagneuse présentaient un poids en carcasse et
un poids vif a 'abattage similaires a ceux recevant du foin et du concentré. Des études sur la composition de la
viande et la qualité de I'alimentation sont nécessaires pour caractériser la viande de Djebel.

Mots-clés. Type de paturage — Zone montagneuse — Agneaux — Carcasse — Viande.
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| — Introduction

Meat quality is becoming an essential concept of food policies. Thus, the development of systems
for identifying and certifying the quality and origin of products, important criteria for consumers’
choices, is nowadays needed. The producer may sort to employ production systems that provide
acceptable carcass and meat quality (Warren et al., 2008) and maintain healthy products for con-
sumers. In Tunisia, during religious ceremonies, specific lamb types “Djebel” are distinguished by
specific meat taste that consumers look for and appreciate. The aim of this study was to charac-
terize the lamb meat of the mountainous areas of the Northwest “Djebel” of Tunisia in comparison
to common meat.

Il — Material and methods

Lambs of Djebel group (D) were reared in a region characterized by mountainous terrain and soils
unsuitable for crops; lambs grazed natural forests with dominance of woody species. While in the re-
gion of Bou-Rebiaa (BR) and Oueslatia (O), grazing is based on herbaceous pastures and lambs were
supplemented with concentrate and hay. The difference between the three sites was based on the
distance to the sea. The experimental site D (36° 58" 31” North, 9° 04’ 51” East) is 37 km away from
the sea. The second site (BR, 36° 36" 30” North, 10° 10" 18” East) is 46 km from the sea. The third
site (O, 35° 50" North, 9° 35" East) is 151 km from the sea. Lambs, lambs (12 from Djebel; 12 from
Bou-Rebiaa and 11 lambs from Oueslatia area) were slaughtered at the age of 6 months.

All lambs were slaughtered in the abattoir of the INRAT. Before slaughtering, lambs were fasted for
12 h with free access to water. Animals were weighed just before slaughter (slaughter body weight,
SBW). The head, skin, feet, full and empty digestive tract, red organs (heart, liver, lung and trachea),
internal fats (omental and mesenteric) and the hot carcasses (HCW) were weighed using an elec-
tronic scale (Société Douik Balance, Sousse, Tunisia). The carcasses were stored at 4°C for 24 h.
Then, cold carcasses were weighed (cold carcass weight, CCW). The dressing percentage was cal-
culated as: DP=100 x CCW/SBW. The left half-carcasses were cut into six joints; all joints were dis-
sected. Samples of longissimus dorsi (LD) muscle were taken for meat quality analysis.

The initial and ultimate pH was measured using a penetrating electrode connected to a portable
pH-meter (HI 99163; Hanna Instruments, Romania) after calibration with two buffers (7.01 and
4.01). To determine the water cooking loss (WCL), meat samples were weighed (initial weight, Wi)
and held in plastic bags and then immersed in a water-bath at 75°C and heated for 30 min until
the internal temperature reached 75°C, which was monitored with thermocouple. Then, the bags
were cooled under running tap water and blotted dry with paper towels. The cooked meat was
weighed again (final weight, Wf). The WCL was calculated as 100 x (Wi —Wf)/Wi.

A Minolta chroma Meter CR-400 was used to measure color directly on the muscle surface, the
colorimetric indices lightness (L*), redness (a*) and yellowness (b*) were recorded.

A one-way analysis of variance for the feeding system effects on the slaughter parameters, non
carcass components and physic-chemical composition of meat using GLM procedure in SAS (1989)
was applied. Then, the test Duncan was used to compare these effects (0=0.05).

Ill — Results and discussion

1. Rearing system

The mountainous areas of the Northwest “Djebel” of Tunisia is characterized by rugged, and soil oc-
cupied by natural forests unsuitable for crops. The herbaceous layer is almost absent throughout the
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year (Gasmi, 2005) especially in summer when this experiment was conducted. The feeding system
in this region is based mainly on grazing forest plants (Phillyrea angustifolia, Erica arborea, Myrtus
communis, Pistacia lentiscus...). While, in Bou-Rebiaa (BR) and Oueslatia (O), grazing pasture is
based on herbaceous and lambs were supplemented with concentrate and hay (Table 1).

Table 1. Characterization of main grazed species and diets chemical
composition

DM (%) Crude Protein (% DM)

Phillyrea angustifolia 65.3 6.05
Arbutus unedo 44.3 5.04
Myrtus communis 494 5
Quercus suber 53.5 9.2
Quercus coccifera 72.0 7.8
Erica arborea 67.4 6.1
Erica multifida 77.9 5.81
Oat hay 91.5 5.0
Concentrate 93.4 13.9

2. Slaughter parameters

Slaughter body weight (SBW) of lambs averaged 25.8, 26.8 and 22.6 kg for Djebel, Bou-Rebiaa
and Oueslatia, respectively, with significant differences between the regions (P=0.001). The feed-
ing system based exclusively on forest plants in Djebel region originates the same SBW as that
of supplemented lambs from Bou-Rebiaa region. Statistical analysis of the HWC and the com-
mercial dressing percentage revealed significant differences (P <0.01) between the three areas in
favour to the regions of Djebel and Bou-Rebiaa (Table 2). This difference is related to the fact that
these parameters are strongly correlated to the SBW itself affected by the feeding system (Atti and
Khaldi, 1987; Safiudo et al., 1993; Mahouachi and Atti, 2005).

Similarly, previous studies showed that lambs grazing natural pasture reached slaughter age with
a higher weight and less carcass adiposity than feedlot ones leading to an improvement of the qual-
ity aspects of products (Demeyer, 1992) and a reduction of feeding cost.

Table 2. Slaughter body weight, carcass weights and dressing percentages

Group D BR o SEM P

SBW (kg) 25.82 26.82 22.6P 0.39 0.001
HCW (kg) 12.32 132 9.01b 0.24 0.001
CCW (kg) 11.82 12.22 8.75P 0.22 0.001
CDP (%) 47.52 48.32 39.20 0.38 0.001

CDP, commercial dressing percentage; HWC, hot carcass weight; CCW, cold carcass weight;
SBW, slaughter body weigh.

3. Non-carcass components and lambs’ meat quality

The pasture type affected the red organs (Table 3). This result did not corroborate previous find-
ings of Atti et al. (2004) showing that red cut-down organs are not affected by SBW. The head and
feet weights were significantly affected by the raising area; as indicated above, these weights are
strongly correlated to SBW, which was higher for D and BR regions. The finding of Devant et al.
(2006) can explain partially our results especially when considering that D and BR are situated in
the Tunisian humid area (abundant grass over the year). They documented that the intake of aro-
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matic plants in pasture originated changes in the rumen fermentation profile, gut weight, and con-
sequently, on carcasses weight.

Meat physico-chemical properties analysis (Table 4) showed that higher ultimate pH and lower meat
lightness (L*) were recorded for lambs from Djebel area. This higher ultimate pH could be related
to the conditions of breeding in terms of altitude, which were less stressful for the O animals reared
on medium altitude pasture. Redness parameters, which strongly affect consumers’ choices,
were similar among groups.

Table 3. Non-carcass components weights

D BR o SEM P
Head (kg) 1.6 1.6 1.5 21.9 0.01
Skin (kg) 4.43 5.26 2.67 873 0.5
Feet (g) 6582 6932 5960 9.9 0.001
Red Organs (g) 688° 11072 781° 17.6 0.001

Table 4. Meat physico-chemical properties

D BR o SEM P
Ultimate pH 6.012 5.952 5.55P 0.04 0.001
WCL (%) 21.4b 28.32 25ab 0.98 0.02
L* 40.8° 44 .52 46.92 0.55 0.001
a~ 15.7 16.33 15.05 0.34 0.33
b* 2.43b 3.292 1.95° 0.17 0.01

IV — Conclusion

Lambs grazing natural forests in the mountainous area presented similar carcass weight and SBW
to those supplemented with hay and concentrate. Investigations on meat composition and orga-
noleptic quality are needed to characterize Djebel meat.
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Small ruminants research and training
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perspective in Andalusia (South Spain)
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Abstract. The current situation of small ruminants’ sector in Spain is framed within a long process of restruc-
turing associated with different national and international socio-political and economic challenges. In this frame-
work, numerous studies confirm the importance of considering the opinions and perceptions of farmers to
achieve all these challenges and highlight the weakness of agricultural research and training programs offered
to meet farmers’ demands for specific knowledge. This must be facilitated by policy programs where agricul-
tural research and training institutions play a key role. In order to fulfil that gap, the Institute of Agricultural
Research and Training in Andalusia (IFAPA) organized several focus groups with different farming and livestock
sectors to identify their priorities on research and training to be included in its Sector Program 2018-2021. In
the case of small ruminants and framed with the National project RTA2015-00070-C03-02, we proposed to iden-
tify and quantify small ruminants’ sector real needs on research and training, to achieve greater productivity,
competitiveness and sustainability. Thus, qualitative and quantitative methods were used during July 2018.
Data were collected by a structured survey undertaken to 30 experts and a focus group organized with 25 live-
stock stakeholders (associations, cooperatives, research public institutes, universities, administration, etc.)
related to the Andalusian livestock sectors. Results show that farmers have an integral view of their business
by stating that they have to improve technological as well as commercial matters in order to be competitive.

Keywords. Research and training needs — Small ruminants’ innovation — Livestock stakeholders’ perceptions
— Andalusia (Spain).

Evaluation des besoins en matiére de recherche et de formation des petits ruminants selon le point
de vue du secteur en Andalousie (Sud de I Espagne)

Résumeé. La situation actuelle du secteur des petits ruminants en Espagne s’inscrit dans un long processus
de restructuration associé a différents défis sociopolitiques et économiques nationaux et internationaux. Dans
ce cadre, de nombreuses études confirment Iimportance de prendre en compte les opinions et les perceptions
des agriculteurs pour relever tous ces défis et soulignent la faiblesse des programmes de recherche et de for-
mation agricole offerts pour répondre a la demande des agriculteurs en connaissances et innovations spéci-
fiques. Cela doit étre facilité par des programmes politiques dans le cadre desquels les institutions de recherche
et de formation agricoles jouent un réle clé. Pour cela, I'Institut de Recherche et de Formation Agricoles d’An-
dalousie (IFAPA) (Espagne) a organisé plusieurs groupes de discussion avec différents secteurs de I'agricul-
ture et de I'élevage pour identifier leurs priorités de recherche et de formation a inclure dans son programme
sectoriel 2018-2021. Dans le cas des petits ruminants et dans le cadre du projet national RTA2015-00070-C03-
02, nous proposons d’identifier et de quantifier les besoins réels du secteur des petits ruminants en matiere
de recherche et de formation, afin d’atteindre une meilleure productivité, compétitivité et durabilité. Pour cela,
des méthodes qualitatives et quantitatives ont été utilisées en juillet 2018. Les données ont été recueillies par
une enquéte structurée réalisée aupres de 30 experts et un groupe de discussion organisé avec 25 acteurs
du secteur de I'élevage (associations, coopératives, instituts publics de recherche, universités, administration,
etc.) liés aux secteurs de I'élevage andalous.

Mots-clés. Besoins de recherche et de formation — Innovation des petits ruminants — Perceptions des acteurs
de I'élevage — Andalousie (Espagne).

Options Méditerranéennes, A, no. 125, 2021 — Efficiency and resilience of forage resources
and small ruminant production to cope with global challenges in Mediterranean areas 143



| — Introduction

Small ruminant production represents an important productive sector in Andalusia (South Spain).
The small ruminant’s sheep and goat sector in Spain accounts for about 4% of Final Agricultural
Production and 10.7% of Final Livestock Production. It is the most important livestock activity in
Andalusia in terms of number of heads, sheep represent 13.9% (2,379,466) and goat gather 35.1%
(1,100,012) of the national total with almost 3.5 million heads. In Andalusia in 2019 there were a
total of 14,754 sheep farms (8,426) and goats (6,508) in its various modalities. Small ruminant
breeding has also a high environmental value, since the breeding of indigenous breeds, especially
goats, allows the use of many mountainous areas, which would otherwise remain untapped
(Sayadi, 2012). Sheep and goats’ activities in Andalusia are also a crucial sector for human activity.
In case the industry declines, large areas will be adversely affected, leading to the loss of a cul-
ture that has survived virtually unchanged for centuries (Dubeuf and Sayadi, 2014).

Furthermore, the current situation of the small ruminants sector in Spain is framed within a long
process of restructuring associated, among others, with the changes incorporated by the succes-
sive reforms of the Common Agricultural Policy (CAP), the greater liberalization and globalization
of markets, the volatility of prices of raw materials and inputs, as well as the continuous changes
of consumers demands towards multiple commodities and services. In this framework, numerous
studies confirm the importance of considering the opinions and perceptions of farmers to achieve
all these challenges; highlight the weakness of agricultural research and training programs offered
to meet farmers’ demands for specific knowledge (Garcia et al., 2018, Cruz et al., 2019, Sayadi
et al., 2019); and the high importance to satisfy their needs on research and training to favour the
innovation and their competitiveness (Cruz et al, 2018, Sayadi et al, 2019). This must be facilitated
by policy programs where agricultural research and training institutions play a key role (Cruz et al.,
2018). To address these deficiencies, the Institute of Agricultural Research and Training in Andalusia
(IFAPA) (Spain) organized several focus groups with different farming and livestock sectors to iden-
tify their priorities on research and training to be included in its Sector Program 2018-2021.

In the case of small ruminants and framed with the National project RTA2015-00070-C03-02, we
propose to identify and quantify small ruminants’ sector real needs on research and training, to
achieve more productivity, competitiveness and sustainability.

Il — Materials and methods

The information handled in this work is based on a mixed qualitative-quantitative methodology.
Firstly, based on a detailed bibliographical review and the experience of the authors in research
and training in livestock, in general, and the small ruminant sector, in particular (Ruiz et al., 2011,
Sayadi and Calatrava 2007), some research and training (R & T) topics have been identified and
elaborated that could be considered priorities for the livestock sector. This review has been based
on scientific articles, sector reports, etc. Subsequently, a structured questionnaire has been elab-
orated, basically consisting of two questions. The first asks for the importance and priority given
to these identified research and training topics in the coming years according to the demands and
needs of the livestock sector in general in Andalusia, and secondly, to develop specifically those
specific R & T lines considered fundamental according to the livestock sub-sector needs in which
the respondent is most involved and best knows (bovine, goat, sheep or beekeeping).

This importance and priority of the topics has been quantified in a scale valuation from 1: “not at
all important, no priority” to 9 “very important, maximum priority”. The questionnaire was sent dur-
ing the month of May to 35 experts in Andalusian livestock of different profiles (5 advisers; 15 tech-
nicians of cooperatives and professional livestock associations, 5 administration technicians; 5 live-
stock researchers and trainers and 5 breeders), receiving responses from 30 of them. After
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receiving this individual response, a livestock focus group was organised in Seville in July 2018
with the participation of 25 entities (associations, cooperatives, Public Research Bodies, univer-
sities, administration, etc.) related to the Andalusian livestock sector in order to identify their per-
ceptions regarding the priority lines of research, training and transfer in the coming years.

Subsequently, throughout the focus group, each livestock sub-sector has been given the oppor-
tunity to reflect its opinion. Finally, the most important and priority research and training activities
were debated, agreed and validated. In this work, the priorities for research and training in the com-
ing years relating to the small ruminant sector are presented according to the opinion of the ex-
perts and taking into account the discussions and interventions throughout focus group.

Il — Results and discussion

Table 1 includes the average values, in order of importance, of the values assigned by the experts
regarding priority lines of research and transfer according to demands of the small ruminant sec-
tor in Andalusia, expressed on a scale from 0 (no priority) to 9 (maximum priority). We can see how
all the topics of research and training have a value and priority higher than the middle point of the
scale (>5).

The two lines identified by the experts with highest priority, with an average importance or priority
greater than 8, in terms of research, transference and training, have been “Selection and im-
provement of autochthonous Andalusian breeds and the conservation of their genetic material” and
the development of a mix of “New tools and methodologies for animal characterisation, sensory
assessment and tenderness, milk or butcher yield, etc.”, with a great homogeneity (low typical de-
viation) of responses among experts (Table 1).

They also assigned great importance to matters, such as the “Improvement and modernisation of
livestock facilities” and the “Improvement of efficiencies, products and processes in small ruminant’s
farms”, with high average priorities of 7.98 and 7.76, respectively.

Experts are very aware of the importance of topics related to the market, commercialization chan-
nels and consumers. Specifically, the identification of more efficient ways of organizing the sector
to improve marketing channels, contracts with large-scale distribution, short channels and devel-
opment of proximity markets. Furthermore, the development and differentiation of new products
and quality, and certifications based on territorial, environmental and sustainability attributes are
also very important to increase productivity and competitiveness. Experts are also conscious about
the importance of health management of livestock to maintain and improve the sanitary status of
herds (i.e. goat sector: tuberculosis, paratuberculosis and contagious agalactia, etc.). “Obtaining
and specifying basic technological packages for the improvement, selection and use of pastures
and fodder and the preparation of animal diets” (6.75), and the “Use of new technologies in the field
of pastoral livestock (GPS, drones...)” (6.69) as well as the “Development of technology and train-
ing to improve animal welfare, both on farms and in transport and slaughter” (6.64), are also men-
tioned by the experts as important topics to contribute to the satisfaction of research and training
small ruminants needs. The “Experimentation in the use of by-products for animal feed” could be
an interesting line (6.13) for the sustainable handling of waste and by-products of the farm and the
territory. The above is in accordance with the approaches of bioeconomy and circular economy.

Experts are also interested (average importance between 5 and 6) in research and training pro-
grammes on: the “Evaluation and design of policies to promote the dissemination of innovations that
favour the competitiveness and sustainability of livestock production systems, related agri-food

companies as well as rural territory”, “Studies on the effects of globalisation on livestock farms”, “Ap-
preciation of the profession of goatherd and/or shepherd and the evaluation of the action of pastoral
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livestock in protected areas”, as well as the “Valuation of positive externalities and ecosystem serv-
ices linked to grazing practices in the extensive sector”. The “Assessment of the environmental im-
pact of small ruminant livestock (energy efficiency, greenhouse gases, biodiversity, etc.) and the de-
sign of promotion activities to increase social recognition of the livestock breeding activity is also
required to improve and satisfy social demands and to improve livestock product prices at origin”.

Table 1. Priority on research and training of livestock small ruminants according to experts’ perspective

Research and training priorities Average Typical Deviation
Selection and improvement of autochthonous Andalusian breeds 8.35 1.09

and the conservation of their genetic material.

New tools and methodologies for animal characterisation, 8.13 1.12
sensory assessment and tenderness, milk or butcher yield, etc.

Improvement and modernisation of livestock facilities. 7.98 1.18
Improving efficiencies, products and processes in small ruminant’s farms. 7.76 1.23
Search for more efficient ways of organizing the sector to improve 7.56 1.21

marketing channels, and increase productivity and competitiveness,
search for new marketing channels in origin and contracts
with large-scale distribution.

Analysis of the potential of short channels and development 7.34 1.23
of proximity markets.

Development of new products, differentiated quality, and certifications 7.29 1.24
based on territorial, environmental, and sustainability attributes,

typificity, etc. to improve visibility and consumption.

Health plan and study of the control of the diseases that generate 6.89 1.91
the most losses in small ruminants’ sector.

Obtaining and specifying basic technological packages for the 6.75 1.48
improvement, selection and use of pastures and fodder
and the preparation of diets.

Use of new technologies in the field of pastoral livestock (GPS, drones ...). 6.69 1.29
Development of technology and training to improve animal welfare, 6.64 1.26
both on farms and in transport and slaughter.

Experimentation in the use of by-products for animal feed. 6.13 2.39
Evaluation and design of policies to promote the dissemination 5.79 2.33

of innovations that favour the competitiveness and sustainability

of livestock production systems, related agri-food companies

as well as rural territory”.

Studies on the effects of globalisation on livestock farms. 5.68 1.93
Appreciation of the profession of goatherd and/or shepherd 5.53 1.17
and evaluation of the action of pastoral livestock in protected areas.

Valuation of positive externalities and ecosystem services linked 5.47 1.31
to grazing practices in the extensive sector.

Assessment of the environmental impact of small ruminant livestock 5.39 1.19
(energy efficiency, greenhouse gases, biodiversity, etc.). Promote

recognition by society so that it translates into an improvement

in the price of products at origin.
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IV — Conclusions

Research and training play a fundamental role in the development of the livestock sector and di-
rectly influence the productivity increase and product quality, contributing, in addition, to the main-
tenance of environmental sustainability and the satisfaction of social demands.

The success of any innovation performed through research and training programs in the small rumi-
nant sector is strongly influenced by local attitudes and environmental conditions as well as farmers’
interest and involvement in topics covered. Several studies confirm the importance of considering the
opinions and perceptions of farmers to translate research results and knowledge into practice. In this
paper, the research and training needs of the small ruminant livestock sector have been identified and
prioritised based on expert's knowledge. Subjects related to genetic improvement and conservation
of autochthonous Andalusian breeds and animal characterisation new technologies, improvement of
technical and economic efficiency, issues referred to market, new commercialization channel and prod-
uct differentiation, the design of new mechanisms to value the pastures and shepherding activities,
the internalization to breeders of the multiple externalities generated by small ruminants activities and
the development of more efficient policies to promote the dissemination of innovations that favour the
competitiveness and sustainability of small ruminant production systems and satisfy new social de-
mands and concerns, are among other topics placed high on livestock farmers’ list of training priori-
ties. It seems that the interviewed stakeholders have an integral view of their business by improving
technological aspects as well commercial means of reaching the market.

The research and training institutions have to include and re-orient their programs and sectorial
strategies based on these findings to reduce the existing technological and adoption gap among
the livestock farmers.
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Urban pastoralism as green infrastructure
generator that provides important
ecosystem services to the city

R.M. Triboi

“lon Mincu” University of Architecture and Urbanism 18-20 Academiei st., 010014, Bucharest (Romania)

Abstract. Pastoralism is a pattern of subsistence, that has survived in its close to original form even today in
an increasingly urbanized environment. Marginalized by agriculture intensification, then industrialization and
lately by the urbanization processes, this productive practice was restrained to marginal spaces and interstice
of urban territory unexploitable by other activities. Its capacity of adaptation to harsh and changing conditions
generated its resilience. The interdependency between the exploited environment, the shepherd and the flock
along with the independence from urban infrastructure and mechanization permitted its survival despite its crit-
icized low productivity, while transforming marginal land in productive and biodiverse spaces. Historically
ignored by policies, a reconsideration of this practice is necessary, especially in the urban environment. In
Romania, due to a combination of factors like rapid fragmentation of the rural and agricultural city’s periphery
by the urban sprawl phenomenon or the abandonment of agricultural exploitation of ancient socialist farm land
located in the immediate proximity of the cities, the phenomenon of urban pastoralism developed in the last 2
decades in the urban interstices of nature. In France, the last decade has seen the evolution of eco-pastoral-
ism in the city from experimenttion to institutionalization for ecological management of urban green spaces.
While traditionally perceived as a rural practice, the pastoralism values the social, cultural, economic, ecolog-
ical and agricultural dimensions of urban territories; with an appropriate recognition and management it could
become an important tool for sustainable urban management. Its important role in supporting green infra-
structure and local food systems is yet to be considered and integrated into urban policies

Keywords. Pastoralism — Green Infrastructure — Ecosystem services — Sustainable urban management — Lo-
cal food system.

Le pastoralisme urbain comme générateur d’infrastructure verte qui fournit d’importants services
écosystémiques a la ville

Résumeé. Le pastoralisme est un modéle de subsistance qui a survécu sous sa forme originelle jusqu’au pré-
sent dans un environnement de plus en plus urbanisé. Marginalisé par I'intensification de I'agriculture, puis par
l'industrialisation et par les processus d’urbanisation récents, cette pratique productive était restreinte aux es-
paces et aux interstices du territoire urbain inexploitables par d’autres activités. Sa capacité d’adaptation aux
conditions difficiles et changeantes a généré sa résilience. L'interdépendance entre I'environnement exploité,
le berger et le troupeau ainsi que son indépendance par rapport a l'infrastructure urbaine et a la mécanisation
ont permis son existence malgré sa faible productivité souvent critiquée, tout en transformant des terres mar-
ginales en terres productives et riches en biodiversité. Historiquement ignoré par les politiques, une reconsi-
dération de cette pratique est nécessaire, surtout en milieu urbain. En Roumanie, en raison d’une combinai-
son de facteurs tels que la fragmentation rapide de la périphérie de la ville rurale et agricole par le phénomene
d’étalement urbain, 'abandon de I'exploitation agricole d’anciennes terres des fermes socialistes situées dans
la proximité immédiate de la ville, le phénomene du pastoralisme urbain s’est développé au cours des deux
derniéres décennies dans les interstices urbains de nature. En France, la derniere décennie a été synonyme
d’évolution de I'éco-pastoralisme dans la ville, allant d’expérimentation a l'institutionnalisation de la gestion éco-
logique des espaces verts urbains. Bien que traditionnellement percue comme une pratique rurale, le pasto-
ralisme valorise la dimension sociale, culturelle, économique, écologique et agricole des territoires urbains, et
grace a une reconnaissance et une gestion appropriée, il pourrait devenir un outil important de la gestion ur-
baine durable. Son réle important dans le soutien des infrastructures vertes et des systemes alimentaires lo-
caux doit encore étre valorisé et intégré dans les politiques urbaines.

Mots-clés. Pastoralisme — Infrastructure verte — Services écosystémiques — Gestion urbaine durable — Sys-
téme alimentaire local.
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| — Introduction

In an increasing urban context, that marginalized both physically and culturally the agriculture practice,
there is a need for a new approach to projects and policies to integrate a steady and productive vision.
The agri-food system crisis at a global level encourage us to reflect on more sustainable, resilient and
local adapted solutions of managing the territory, and therefore an emphasis on bottom-up initia-
tives, cultural and productive tradition, empirical transmitted know-how, the specificity of the socio-
economic conditions, marginal, informal and spontaneous uses of land are gaining more attention.

The present paper aims to interrogate the city-nature paradigm and, therefore, the relation of man
with his life environment from the perspective of ancestral productive practices. The human-ani-
mal-territorial relationship, in which the position of the animal (domesticated in this case) is inter-
mediate, is explored through several filters: conceptually and practically.

This article that contains elements of my doctoral research argues that pastoral practice has its
place in the urban and especially peri urban territory if the current way of practicing both in West-
ern and Eastern Europe (as identified in interviews) is improved by a careful consideration of its
strengths and challenges. Also, the hybridization of the two patterns of functioning could lead to a
more resilient pattern of urban pastoralism.

The methodology of the study is based on both qualitative and quantitative data and includes bib-
liographic synthesis regarding the concept of urban pastoralism and the practice of extensive graz-
ing, statistic data analysis and interviews with shepherds, authorities and other actors involved in
this practice in Romania, France and Netherlands.

Il — Urban pastoralism an oxymoron?

“Urban pastoralism” evokes a concept and a phenomenon, but also the clash between the two of
them, that incorporates the nature-city paradigm.

“Urban pastoralism” represents an expression that designs the search for an ideal living environ-
ment (that defines the North American vision of the city) where nature and technology are har-
moniously coexisting while approaching challenges related to urbanization, industrialization or eco-
logical crisis and solving classical dichotomies like urban and pastoral (Machor, 1982).

As a pattern of subsistence developed earlier than agricultural practice, pastoralism coexists in its
original form in a delicate equilibrium with nature, a fact that justifies the development of the con-
cept of pastoral ideal. Today this practice can restore the biodiversity and productive feature of pol-
luted, degraded and marginalized urban land. Mediating this classical antagonism between urban
and pastoral or city /nature with strategy, policies, regulation, participatory methods can reduce the
friction and improve the benefits generated by their coexistence.

The urban-rural interface is traditionally considered a space of friction between opposite contexts
and functions but can also be a platform for a productive green infrastructure that would generate
important ecosystem services like landscapes and biodiversity conservation, local food, preser-
vation of cultural traditions and local identity. Multi-functionality of productive spaces and practices
can enhance the quality of urban life (Artmann and Sartison, 2018). For example, ecological cor-
ridors recreated and managed by pastoralism can become, in addition to biodiversity reservoirs,
also platforms for leisure, cultural and gastronomic activities.
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lll - The new phenomenon of urban pastoralism

As a phenomenon, urban pastoralism has not yet benefited from a crystallized understanding in
scientific research (Bories et al., 2016). The interest of this subject is relatively obvious when the
theme of urban agriculture has been explored from several angles over the last decade, except
for livestock farming in the city. However, while current research, although schematically addressing
all forms of maintenance of green spaces with animals, it focuses on the phenomenon of pas-
toralism that involves mobility, open spaces, corridors of transhumance, etc (Draganescu, 1998).

According to interviews with representatives of the structures involved in this practice in France and
the Netherlands, the demand for maintenance of green spaces through the use of ruminants (par-
ticularly small ones) is constantly increasing and difficult to satisfy despite the efforts of interme-
diary organizations to train practitioners and put them in contact with potential clients.

In addition, these structures provide official data on this phenomenon and present the most rele-
vant and complex arguments for understanding its interest.

The French association “Nature & Territory” created in 2009, interviewed in 2019 (http://intertrain-
nature-territory.fr), which participates in the awareness, professionalization and observation of the
eco-pastoral practice has tried to define and categorize different forms of pastoral practice, to serve
as a basis for a broader discussion, which this paper does not claim to detail.

Pastoralism is a productive practice that coexists in harmonious conditions with the environment
in which it unfolds, this interdependence constituting a fundamental characteristic. The flexibility
of this activity is generated by several aspects: the correlation of the size of the herd with the avail-
ability of food sources, their accessibility even when they are remote thanks to the mobility of the
shepherd and its influence, and its independence from infrastructure or the mechanization and the
simplicity of the exploitation of resources generally available in nature. Thanks to this quality, pas-
toralism has adapted to all kinds of environmental, economic, cultural and socio-political constraints,
and it can be described as resilient. This aspect justifies the survival of pastoralism in its original
form in spite of having been considered as a retrograde livelihood, criticized and marginalized for
its low productivity and has been in perpetual competition with other dominant types of production
such as agriculture (particularly the intensive model), industrialization and the rapid and aggres-
sive urbanization, associated with high consumption of space.

The shepherd must be a good observer of the environment, from the small lawn to the vast expanse
of the transhumant territory, to find and properly manage the food resources, and the impact of the
herd on pastures is beneficial (when grazing is practiced avoiding the land overburdening) in terms
of biodiversity and interconnectivity (Meuret, 2010).

The selection of plant species consumed by animals is part of a process that maintains and de-
velops the diversity of local flora. In certain regions of the world, pastoralism is exclusively reserved
for this purpose, and when this function has disappeared, it is filled by mechanical means. The pres-
ence of animals (in a balanced proportion) in the grasslands improves soil fertility by various meth-
ods as animal waste (Bernués et al., 2011).

Transhumance corridors reconnect isolated areas, facilitate the transport of micro-organisms and
insects with the help of animals, maintain open and accessible spaces, otherwise threatened by
afforestation. So transhumance routes can therefore be described as ecological corridors.

If practiced in a sustainable way, pastoralism encourages flora and diversity of landscapes. Com-
pared to large-scale grazing practices, pastoralism can be much closer to wildlife grazing patterns,
mimicking the interactions and functional roles of natural ecosystems (CBD, 2010).

The creation of a multifunctional landscape is one of the most efficient types of green infrastruc-
ture in terms of ecosystem services, especially near or in urban areas subject to intense land use
(Benedict and McMohan, 2002).
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IV — Conclusions

The role of pastoralism in mediating and mitigating nature and city is currently considered and ex-
plored. From experimentation to a recognised urban function, the pastoral activity in the urban
space expand due to the obvious ecosystem services delivered to the city.

The multifunctionalitygenerated by productive and cultural aspects of pastoralism, along with in-
terconnectivity, created by flock mobility along ecological corridors, and biodiversity enhanced by
the pastoral system, are transforming abandoned land in green infrastructure and generating im-
portant ecosystem services for the city.

Both approaches encounter difficulties due to frictions with urban functions and an elaborated vi-
sion of the coexistence of city and pastoralism must be developed in order to ensure its continuity.

Today a new formulation of harmony between city and nature is needed in order to improve the
already existing widespread artificialized space (Niamir-Fuller et al., 2012). Rethinking the com-
plex role (among which productive) of the animal in the urban space could significantly improve
the global health of our living environment and therefore the quality of life in general.
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Abstract. The Albanian mountainous areas have local products with strong link to their specific origin. The cur-
rent dynamics of the milk and meat value chains shows an asymmetric power that is hold by the dairies and the
middlemen. The aim of this paper is to analyse what issues prevent the development of sustainable value
chains for traditional mountains products. The use of a comparative analysis between the milk and meat value
chain of a mountain territory is been made by analysing the strengths and weaknesses of the considered terri-
tory. The analysis is based on three stages: (1) analysis on the national milk and meat value chain; (2) analy-
sis of the local livestock products value chain of the considered territory; (3) discussion and conclusion. Results
shows that the current development of the milk and meat value chain does not position the local products in a
niche market capable of engaging a virtuous circle for a good remuneration of the producers. This situation is
not favourable for the development of mountainous products with specific characteristics and high reputation.

Keywords. Value Chains — Mountain Products — Albania.

Quels problemes empéchent le développement de filieres alimentaires durables pour les produits tra-
ditionnels de montagne? Evidences et perspectives de I’Albanie

Résumeé. Les zones montagneuses albanaises contiennent des produits locaux étroitement liés a leur origine.
La dynamique actuelle des chaines de valeur du lait et de la viande montre un pouvoir asymétrique détenu
par les laiteries et les intermédiaires. Le but de cet article est d’analyser les problemes qui empéchent le dé-
veloppement de filieres durables pour les produits traditionnels de montagne. L'utilisation d’une analyse com-
parative entre la filiere du lait et de la viande d’un territoire de montagne est réalisée en analysant les forces
et les faiblesses du territoire considéré. L’analyse repose sur trois étapes: (1) une analyse de la filiere natio-
nale du lait et de la viande; (2) I'analyse de la filiere des produits d’élevage locaux du territoire considéré; (3)
discussion et conclusion. Les résultats montrent que I'évolution actuelle de la filiere du lait et de la viande ne
positionne pas les produits locaux dans un marché de niche capable d’engager un cercle vertueux pour une
bonne rémunération des producteurs. Cette situation n’est pas favorable au développement de produits de mon-
tagne avec des caractéristiques spécifiques et avec une réputation élevée.

Mots-clés. Filieres — Produits de Montagne — Albanie.

| — Introduction

Agriculture is the most underdeveloped economic sector in Albania, and the integration of the Albanian
agriculture in the European Union market is a challenge. The milk and meat value chains take an im-
portant place in the Albanian agri-food sector (MAFCP, 2014). The structuring of the national milk and
meat value chains has affected the livestock production especially in the mountains areas. The ma-
jority of farms remain small and fragmented. They are facing major constraints such as poor physi-
cal infrastructure, lack of state support and a non-competitive market situation. In these areas, the
livestock production is one of the main economic sources for farmers. Long economic transition and
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demographic desertification creates nowadays a binding context to trigger local economic develop-
ment dynamics. The national structuring of both value chains has changed the farming system in the
mountain areas adapting them to the new context of free market. Recent research shows that Al-
banian consumer has strong preference for local products (Bombaj et al., 2016). Despite this prom-
ising opportunity, farmers located in the mountains areas products propose mainly generic undiffer-
entiated products to the consumers in the cities (Bombaj et al., 2018). Mountain food actors need to
bring additional values to their production by creating product differentiation. Facing unfair competi-
tion the specific territorial resources (local products) can create added value for a better remunera-
tion in the market (Barjolle et al., 2007). This approach is based on the differentiation and valorisa-
tion of specific territorial resources (Barjolle and Sylvander 2002). In this context, the objective of this
study was to respond to the following research question: a) what are the main issues that prevent
the development of sustainable food value chains for traditional mountains products?

Il - Methodology

The case study area is located in the most largest and marginalized municipality of the Korgé dis-
trict: the municipality of Vithkugq. It is composed by 13 villages with a surface of 243.6 kmZ2. The study
area corresponds to a coherent agropastoral zone with a long tradition of livestock production and
high quality products. The area belongs to the Mediterranean, mountainous climate, characterized
by relatively high temperatures during the summer and very low during winter.

The applied methodology is a collection of qualitative and quantitative, primary and secondary data.
After data on general context were collected, a case study approach was used: documents, grey
literature, and interviews for gathering primary data were done in the municipality of Vithkug. As
source of information on the local context, a combined mixed approach identifying value chains is-
sues and traditional products market access was used (Bombaj et al., 2016).

Our method was conducted in three stages:

— Stage 1. National value chain analysis. At the national level we combined several docu-
ments, including reports, databases, papers and other scientific such as interviews (in total
16) with rural development experts.

— Stage 2. Vithkuq value chains analysis. This stage was done in several steps: a) exploratory
phase with literature research and choice of the study area; b) sample characterization: the
farmers were selected by age, herd size, specialization (cattle / sheep / goat), but also
according to an existing database from the Albanian Ministry of Agriculture; c) fieldwork
phase in three steps: (step 1) interviews, and informal observations collected directly from
the farmers (in total 33), (step 2) interviews and personal observations on the wholesale and
the retail market in the regional market and stores in the capital of the country (in total 10),
and (step 3) a workshop with farmers and local actors to discuss results.

— Stage 3. Results analysis. By combining results at the national and local level, a SWOT
analysis is done in order to identify some key issues that prevent the development of sus-
tainable food value chains.

Ill - Results and discussion

1. The national milk and meat value chain

The industry of milk processing grew in the early 1990s and nowadays at national level it has over
than 400 processors, with several fully equipped dairies. According to official statistics, national milk
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production reached 1.13 Million tons in 2014, an increase of 5.5 % since 2010. In 2014 about 51 %
of the milk production has been sold in the national market (577 830 tons) or exported while the rest
is used for self-consumption, consumption by animals or processed on the farm (see Fig. 1 below).

National Milk Distribution, 2014

m Farm Sales

m Family
Consumption

™ Farm Processing

m Livestock
Consumption

Fig. 1. Milk distribution in Albania, 2014 (Source: MAFCP, 2014).

An important part of the cow’s milk is used especially for the manufacture of white cheese.
Sheep’s milk and goat’s milk is also used to produce white cheese, but in smaller quantities and
often the separation of white cheese from sheep’s and goat’s milk is not well defined. A very large
part of the milk is consumed directly and untreated or not controlled. Because of tradition and the
low purchasing power, consumers prefer to buy the cheap milk directly from farmers. From all the
milk sold in the market only 40 % (231 132 tons) is processed by the dairy industry. The remain-
ing 60 % (346 698 tons) is sold to the consumer directly by the farmers. Meat consumption in Al-
bania is 43.4 kilograms per capita, but far from EU levels that are more than twice as high. In the
value chain of meat, in addition to farms, there are also slaughtering and processing enterprises.
There are only few operational modern slaughterhouses in the country. Animals are usually
slaughtered on the farm or in some cases in local primitive slaughtering facilities on farms or in
butcher shops. A different picture can be seen in the area of processing of meat. As local meat is
limited and expensive, processing companies import the majority of their raw meat needed mainly
from Brazil and Canada (INSTAT, 2014).

2. Vithkuq milk and meat value chains

Three dairies with a high geographical spatial dispersion were identified. Dairies collect milk from
their nearest villages (Bombaj et al., 2016). These dairies buy the majority of milk for processing
it in cheese. The farms specialization is diverse in terms of milk and meat. The majority of farms
are subsistence and they have low market access. In the Table 1 below a SWOT analysis for the
milk and meat value chain is done. The presence of specialized farms and dairies is seen as an
advantage. The agricultural practices of the farms and the primitive barns impair livestock pro-
ductivity. But the consumer’s preference for local dairy products remains high. This pushes farm-
ers to specialize in the milk and/or the meat production. But the high land fragmentation results in
low competitiveness and efficiency of production. Furthermore the lack of knowledge on modern
production techniques, technologies and standards, the high price of animal feed and unproduc-
tive livestock breeds result in high costs of production for the farmers. These factors make im-
possible the exports of these products.
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IV — Conclusions

In our case study, dairies and middlemen are important actors of the value chain dynamics. The
current value chain dynamics do not sustain a certification process due to the high informality and
low enforcement on food safety rules. Small farms lack investment potentials. Farmers have high
production costs resulting in a low capacity to add value at farm level. They adapt individual strate-
gies resulting in a low market power (Bombaj et al., 2018). Furthermore, small farm producers, of
our case study, are not able to supply the market in sufficient quantities because their livestock and
processing capacity is too low. Consequently, power relations and decision-making mechanisms
within the stakeholders are key factors in the negotiation of the distribution of the value added at
the supply chain level as well as at the territorial level. Contrarily, large farms, as in other case stud-
ies are predominantly market oriented, especially in the meat value chain. Anyway, further research
is needed to understand how the increased demand for quality products has affected the local value
chains for other products that are highly demanded by consumers.

Table 1. SWOT analysis for Vithkuq milk and meat value chains

Value chain Strengths Weaknesses Opportunities Threats
Milk Private ownership of Mix farms with The annual increase Uncertainty over
farms and dairies double orientation of the milk production land rights.
Very good tradition ~ Low productivity and the increasing Lack of foreign
on milk production of the mix farms regional and national direct investment
and processing demand for dairy products in the area.
Increase in the number Weak enforcement
of farms specializing of laws regarding
in the production of the quality
milk with more than standards
10 cows, more than
100 sheep and goats
Meat Large sizes of farms The live weight of Consumer preferences No export possible

with modern stables
Large farms have
tractors and farm

slaughtered animals
is often much too
low resulting in

for local products
Increase in the number
of farms specializing

because of lack
of enforcement of
food safety laws

equipment for hay low profitability; more on meat Public rural
the reasons are the  production with infrastructure
demand for very more than 10 cows, underdeveloped
young animals and  more 100 sheep High cost
the unavailability of  and goats production
cheap feed for No market
the animals information

In most of the cases
the small farms

stables are in primitive

conditions

system in place

Source: Surveys data and author’s elaboration.
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The Mediterranean basin is warming faster than the rest of the planet. Average annual tempera-
tures are now 1.4 °C higher than during the period 1880-1899, well above current global warm-
ing trends, especially during the summer. Depending on the climate scenario and on the season,
a rise in temperatures from 2 to 6 °C by 2100 is expected. High temperature events and heat
waves are likely to become more frequent and/or more extreme. A reduction in summer precipi-
tation has already been observed and model simulations indicate that such tendency should per-
sist. For each degree of global warming, mean rainfall will likely decrease by about 4% in most
of the region, particularly in the south. Heavy rainfall events are likely to intensify in all seasons
except in summer.

Climate change in the Mediterranean basin has both direct and indirect effects on small ruminant
systems. At the animal level, the increased temperature and radiation cause heat stress, which trig-
gers behavioural and metabolic changes affecting animal health and welfare. Reproduction per-
formance could be impaired by a reduced semen production and changes in the sexual activity of
males, but also by a lower conception rate of females and lighter birth wight of lambs. Heat stress
is usually associated with a low feed intake, and thus a reduced performance. Milk production could
be reduced by 20-30%, with lower protein and fat concentrations and a reduction of coagulation
properties in milk. Meat could develop an abnormal flavour, associated with a greater water hold-
ing capacity and a shorter shelf-life. In terms of feed supply, heat and water stress might modify
the timing and length of plants’ growing season. The productivity of forage and cereals in rainfed
conditions is expected to decrease. Warming and the higher CO, concentration might decrease
the nitrogen content of forage, but also favour nitrogen-fixing species (legumes), which could com-
pensate for it. Thus, understanding and predicting the changing climatic patterns is increasingly
important for Mediterranean farming sytems.

The simulation model SIMS-SR was designed, in the framework of the iISAGE project, to predict
the performance of different small ruminant systems in a context of climate change. Inputs include :
management strategy, animal genetics (breed), soil characteristics and climatic parameters. Out-
puts are: farm environmental performance (especially in terms of N and C losses), basic economic
indicators and other attributes of sustainability. An example of simulation, for a sheep farm in
Zaragoza, is presented. Under the current hypothesis of climate change, by 2100 the feed pur-
chased is expected to increase by over 50% for forage (alfalfa) and over 25% for concentrate. As

1. This summary was elaborated by Magali Jouven on the basis of the presentation delivered by Agustin del
Pardo in the 15t Joint Meeting of the FAO-CIHEAM Networks on Sheep and Goats and on Mediterranean
Pastures, “Efficiency and resilience of forage resources and small ruminant production to cope with global
challenges in Mediterranean areas” (Meknes, Morocco, 23 to 25 October 2019).
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a consequence, the economic return is expected to drop sharply, putting into question the economic
sustainability or calling for a substantial increase in public subsidies. The question of adaptation
of small ruminant systems to climate change deserves further research.

What about the contribution of Mediterranean small ruminant systems to climate change mitiga-
tion? Methane (CH,) emissions are by far the main contribution of the livestock sector to global
warming. A second noteworthy emission identified for Mediterranean small ruminant systems with
the widely used IPCC (2006) is nitrous oxide (N,O) at pasture, which discriminates against pas-
ture-based systems. Fortunately, the emission factors at pasture have been recently re-considered,
and with the new IPCC (2019) this component has become minor compared for example to CH,
emissions of stored manure. Further credit would be given to pasture-based systems if, instead
of normalising the warming effect of different greenhouse gases (GHG), the metrics would take into
account the type and duration of natural recycling. In fact, the CH, produced by ruminants comes
from the degradation of plant material and takes only 10 years to be converted into CO,, which is
taken up by plants, with an equilibrium between production and consumption at a global scale. Con-
versely, fossil fuel takes millions of years to be produced, and only a short time to be converted
into CO,, with limited recycling. Taking this into account could change the image of Mediterranean
small ruminant systems, making them either marginal contributors (goat systems) or even net sinks
of carbon (sheep systems, considering the uptake of CO, by natural pastures).

Different mitigation options for livestock and manure management have been provided by a recent
report by FAO. They include: flexible grazing, alternative feeds (by-products, crop residues, alter-
native forages), alternative feeding practices (increasing number of meals, targeted supplemen-
tation...), landscape and stall developements (to provide shelter, water, shade...), choice of adapted
animal and plant genetics, increased biodiversity in animal and plant components, novel repro-
duction techniques, manure treatments (anaerobic digestion, separation...). Such options need to
be studied in the framework of an integrated approach taking into account the various components
of the system, and a wide range of products and ecosystem services.

Sheep and goats production systems in the Mediterranean area are threatened by the severity
of climate change. If they are to be part of action plans to become CO,-neutral, then research
and developement projects should: (i) incorporate the latest methodologies in GHG inventories,
(ii) analyse pathways of changes with metrics that take into account the real warming effect of
CHy,; (iii) consider together, in a synergic perspective, strategies of GHG mitigation and of adap-
tation to climate change.
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Abstract. The 20 million hectares that covered the Algerian rangelands were the preferred area for breeding
a livestock estimated at 24 million head of which 80% were sheep. Examination of desertification sensitivity
and biomass maps showed that more than 55% of rangelands were classified as desertification-sensitive and
the average animal load was 5.6 ha/head. To combat desertification and support livestock needs, the HCDS
had launched a rehabilitation program through the introduction of a forage plant Atriplex canescens. This
study was conducted in the department of Djelfa, on a 947 ha plantation, dealing with 4 age groups (2, 5, 10
and 15 years old). For each age group, 3 parcels were selected. In each parcel, 20 plants were pre-select-
ed. For each foot we measured the height and the 4 cardinal rays. Three individuals per parcel were select-
ed on the basis of their membership of the mean + SE range over the five measured parameters. Three con-
trol shrubs, 9 shrubs per age class, 2,340 soil tests and 2,080 contact points were treated under R 3.5.2. It
appeared that in 2 years we saw an improvement in the state of the soil surface, in 10 years we noticed an
improvement in the carbon level in the soil as well as the diversity indices tested. For the 15-year-old class,
an increase in the total nitrogen rate was underlined with a decrease in diversity indices.

Keywords. Desertification — Algeria — Rangelands — Atriplex canescens — Biodiversity.

La réhabilitation des parcours algeriens : efects de la plantation de Atriplex canescens sur la biodi-
versité, sur les parametres physico-chimiques du soil et sur les elements de la superficie du sol

Résumé. Les 20 millions d’hectares que couvrent les parcours Algérien sont I'espace de prédilection de I'éle-
vage d’un cheptel estimé a 24 millions de tétes dont 80 % d’ovins. L'examen des cartes de sensibilité a la dé-
sertification et de biomasse, montre que plus de 55 % des parcours sont classés sensibles a la désertification
et que la charge animale moyenne est de 5,6 ha/téte. Pour lutter contre la désertification et subvenir aux besoins
du cheptel, le HCDS a lancé un programme de réhabilitation par I'introduction d’une plante fourragere Atriplex
canescens. La présente étude est menée dans la wilaya de Djelfa sur une plantation de 947 ha, renfermant 4
classes d'ages (2, 5, 10 et 15 ans). Pour chaque classe d’age, 3 parcelles ont été retenues. Dans chacune des
parcelles, 20 pieds ont été présélectionnés. Pour chaque pied nous avons mesuré la hauteur et les 4 rayons car-
dinaux. Trois individus par parcelle sont sélectionnés sur leur appartenance a la moyenne * ['écart type sur les
cinq grandeurs mesurées. 3 pieds témoins, 9 pieds par classe d’dge, 2340 analyses de sol et 28080 points-contact
ont été traités sous R 3.5.2. Il ressort qu’a 2 ans on assiste a une amélioration des états de la surface du sol, a
10 ans a une amélioration du taux de carbone dans le sol ainsi que des indices de diversité testés. Pour la classe
des 15 ans, une augmentation du taux d’azote total est soulignée avec une diminution des indices de diversité.

Mots-clés. Désertification — Algérie — Parcours — Atriplex canescens — Biodiversité.
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| — Introduction

Algerian rangelands cover 32 million hectares, 20 million being considered as steppic and 12 as
presaharian. The predominant use of this vast swathe of land was livestock breeding, with an es-
timated number of 20 million heads, of which 80% were sheeps. Examination of desertification sen-
sitivity and standing biomass maps, produced respectively by the General Forest Office (DGF) and
the High Commission for Steppe Development (HCDS) showed that more than 55% of rangeland
were classified as sensitive to highly sensitive to desertification, and that mean animal load was
of 5.6 ha/ind. The carrying capacity of the Algerian steppe was thus of only 3.6 million heads.

To face this degradation, the Algerian state had planned and launched, since 1994 and by the
means of the HCDS (Haut Commissariat au Développement des Steppes, High Commission for
the Development of the Steppe), a vast program of restoration sensu lato named great steppic proj-
ects. Important means were attributed to the HCDS in order to control the desertification process,
which had driven to an overall biological potential loss, and a breakage of previous ecological and
socioeconomical equilibria (Hoppe et al., 2016; Kouba et al., 2018; Baranova et al., 2019).

Several restoration techniques had been selected among which fodder plantation, and several plant
species had been introduced aiming at degraded rangeland restoration and fodder provision for
a growing livestock. The choice of the restoration technique depended on the level of degradation
of the area under consideration. Fencing was considered appropriate when the ecosystem was yet
resilient and degradation minor. When a more degraded state was reached, fodder plantation was
the chosen strategy. The criterion chosen by HCDS technicians was the Overall Vegetation Cover
(OVC) with a threshold at 20%. When this parameter was below this level, fodder plantation was
the chosen restoration technique. Among the fodder shrubs introduced in Algeria were Atriplex num-
mularia, Atriplex glauca, Medicago arborea and Opuntia ficus-indica but the species chosen for a
massive plantation was Atriplex canescens (Pursh) Nutt. This species was chosen due to (i) its low
production cost (3 Algerian Dinar per seedling), (ii) its resistance to cold and sand, (iii) its overall
1-year resumption rate of 130% (Amghar, 2012). We focused this study on (i) the facilitative effect
of Atriplex canescens of contrasted ages on plant recruitment and its impact on (ii) soil chemical
parameters and (iii) soil surface properties.

Il — Materials and methods

The study took place on the Ain Chouhada plantation, 1225 m a.s.l., situated in the Southwestern
part of the Djelfa department, at 80 km from the city. Its 947 ha had been planted in a few sequences
from 1996 up to 2011, with the first aim to protect the village from sandstorms and thus to fix the
sand. This aim had led to forbid any livestock to enter in the plantation since its beginning,
whereas other plantation were usually rented after 5 years. This feature was an opportunity to study
the long-term effects of plantation on soil and vegetation properties. The plantation was situated
between 34°14°39” and 34°17°46”N, 2°31’41” and 2°21°35”E. Ain Chouhada is under a mean semi-
arid bioclimate, with rainfall concentrated in fall and springtime. The minimum of rainfall and ther-
mal maximum was in summer, typical feature of the Mediterranean climate (Daget, 1977). Mean
annual rainfall (1971-2011) was 342 mm, and mean temperature for the hottest month and the same
period is 33°C whereas it was of -0.1 °C for the coldest. The dry period lasted 5 months. Soils were
xeric calcimagnesic with lime accumulation (Djebaili, 1978). Typical vegetation groups were dom-
inated by Stipa tenacissima, Artemisia herba-alba and their degraded facies (Le Houérou, 1992).

Our aim being to characterize the effects of individual A. canescens on soil and vegetation prop-
erties, we selected in the plantation 4 age classes: 2, 5, 10 and 15 years since plantation. For each
age class we sampled 3 plots, with a minimal distance between plots of 900 m, to control auto-repli-
cation. In each plot we chose 20 A. canescens individuals, the first randomly and the other on a
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systematic distance of 20 m between plants on a square grid. The plantation was designed at an
initial density of 1000 seedlings/ha, in rows separated by 2.5 m, with 4 m between each plant in a
row. We measured on these 20 individuals the plant height and its 4 rays in the cardinal directions.
We then chose in each age class 3 individuals for which the 5 biometrical parameters were within
the mean+/-SD range, thus sampling on the most representative Atriplex in each age class.

For these 36 individual shrubs (4 age classes*3 plots*3 shrubs), we drew 4 transects from the shrub
center toward each cardinal direction. For each transect we doubled the radius length observed
and divided the total length in 60 equal intervals. These 60 points were divided in three subsets
of 20 points, i.e. from the center on the shrubs 20 In points, then 20 Border points, and 20 Out
points. On each of these 60 points we described (i) the vegetation using a vertical rod and noted
each plant species contacts by the rod, Atriplex excluded; and (ii) the soil surface state. Plant
species covers were calculated from these transects (240 points per A. canescens) and expressed
as coverage percentage (Godron, 1968). For each of the 36 shrubs we calculated plant Species
Richness (R) and Shannon diversity index (H’). Soil surface state had been quantified using the
linear sampling technique (Daget et al., 1971). Three control areas were delimited in a plot neigh-
bouring the plantation, where de degradation state was high, and similar to the state of pre-plan-
tation. Three ghost Atriplexs were delimited and sampled, based on the 5- year old class dimen-
sions, and sampled using the same protocol.

Soils were sampled in the superficial horizon H1. Ten cm diameter cores were sampled in the mid-
dle of each of the 3 compartments delimited in the transect (In, Border, Out). These 468 soil sam-
ples were 2-mm sieved and air-dried. Parameters measured on soils samples were organic mat-
ter determined following the Anne method (organic C measured by sulfo-chromic oxidation, ISO
14235) and total nitrogen obtained using Kjeldahl method (Bremner, 1996). We also calculated C:N
ratio to inform soil mineralization status.

Data were, due to lack of normality, compared using non parametrical Kruskal-Wallis test (Zar, 1984)
for diversity indices, soil chemical parameters and surface elements. All tests were performed us-
ing R 3.5.2 software (R Core Team, 2013).

Il — Results and discussion

Floristic richness varies with Atriplex age: with respective values of 0 and 14 at 0 and 5 years, it
culminated at 10 years with a value of 22, before decreasing at 16 at 15 years (Table 1).

Atriplex canescens introduction in Algerian rangelands, aiming at desertification control and fod-
der provision in order to cover growing livestock needs, was considered as a major mean of range-
lands improvement (Amghar et al., 2008, Amghar et al, 2012). In their study in Tunisia, Jeddi et al.
(2009) had shown that this species acts as a nurse plant, increasing soil nutrients and thus en-
hancing plant recruitment under and around them.

Shannon index follows a patterns similar to species richness (Table 1): at its lower in the control
area (0.4) it reached its maximum in the 10-year age class (2.18). Plantations were more diverse
and present a highest cover than in control areas (p<0.05). Both indices culminated in the 10-year
age class. This can be acknowledged as an example of nurse effect: the shrub mitigated the harsh-
ness of the surrounding environment, either physical (moisture, nutrients) or biological (protection
from livestock) and thus created a favourable environment (Orth et Girard, 1996), especially in our
case for therophytes. This plant type benefited from the presence of the shrubs, and this effect, in
the time span included in our sampling design, decreased after 10 years.
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Table 1. Effect of Atriplex canescens age on floristic parameters. Values were Means +/- SE. Differences between
age classes were tested by non-parametric Kruskal Wallis rank sum test, with a significance level as fol-
lows: * = p < 0.05, *** = p < 0.001. Different letters indicated significant differences between age classes

Age class (years)

x2 P-Value
0 2 5 10 15

Diversity indices
Floristic richness (R) 0.00 +0.00° 14.11 £ 5.65° 1278 £2.73b 22.56 £ 7.002 16.00 £ 5.72b 16.31 <0.01
Shannon index (H') 0.40 + 0.08¢ 1.86 £ 0.30° 1.97 £0.23% 2.18 £0.45° 1.87 £0.392° 12.36 <0.05
Soil chemical parameters
% Carbon 0.41+0.29° 0.51+0.38° 0.54 +0.402 0.96 + 0.562 1.10£0.692 103.27 <0.0001
% total Nitrogen 0.01£0.07° 0.01+0.01¢ 0.01+0.01¢ 0.02+0.01° 0.04 +0.05° 236.3 <0.0001
CN 29.73¢ 47.06% 51.832 41.09° 26.18¢ 2521 <0.0001
Soil surface elements (%)
Coarse elements (CE) 14.17 £ 3.972 1.22£1.728 0.05+0.15 0.52 +0.7820 0.71+0.98% 15.14 <0.01
Litter (Lit) 0.00 £ 0.00° 56.00 + 29.642 65.10£27.89%0  72.26£23.80° 65.02+31.412 9.24 <0.05
Glazing crust (GC) 85.83 +3.972 31.99 + 27.7420 2458 +19.422  1978+18.32° 25,08 £ 24.95% 9.18 <0.05
Sand (S) 0.00 +0.00 10.79 £ 8.56 10.27 £9.16 744 +6.77 9.20+6.97 6.73 NS

Soil chemical analyses exhibited a highly significant difference in both parameters (C and N), and
their ratio (Table 1). C and N reached their maximum in the 10 and 15-year age class, but C:N ra-
tio was minimum at both ends of our time span, being maximum at ages 2 and 5-year. The increase
in both C and N was expected after plantation, as a result of a litter input (and also rhizodeposi-
tion) from Atriplex. This improvement in soil chemistry enhanced soil macroscopical properties
(structure, aggregation, infiltration) thus limiting the highly negative water runoffs.

The bell-shape pattern of the C:N ratio was less expected, especially the low ratio at 15-year. Soil
C being quickly mineralized in these soils (Pouget, 1980), this feature can be linked to the N dy-
namics during Atriplex growth: the shrub could have an acquisitive strategy towards N during its first
10 years, beginning to restitute it at 15 years, thus enhancing C:N and promoting mineralization.

Soil surface elements exhibited a pattern consistent with vegetation parameters: elements un-
favourable to seedling recruitment (CE and GC) were dominant in early age classes (from 100%
in the control stage to 33.2% in the 2-year age class. The litter showed a significant increase dur-
ing the first 10 years, and a slight decrease at 15-year, proportional with the shrub phytomass. The
sand, even if the only non-significant soil surface state, presented an increase consistent with the
role of sand-trap played architecturally by the shrubs. The fact that some proportion of CE and GC
remained at the older age classes may be linked to residual runoff, thus questioning the opportu-
nity of planting in a linear fashion.

IV — Conclusion

Our aim was to evaluate the impact of plantation age of an exotic American species (Atriplex
canescens) on floristic diversity and some aspects of soil chemistry and surface. The plantation
age had a significant impact on almost all the parameters measured. However, these differences
were not univalent and some (litter, SR, Shannon) would lead us to recommend an opening of the
plantation to grazing after 10 years, whereas other parameters (N, C, C:N) would increase this num-
ber to 15 years and maybe below. The somewhat conflicting objectives between fodder provision
(reached early during Atriplex growth) and soil and diversity restoration (reached later) could lead
to an “ageing island” management of plantations, with very long term exclosures.
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The prospects of pastoral sheep and goat dairy
systems in the Mediterranean to cope with global
changing: An analysis from the Corsican case
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Abstract. For millennia, small ruminants in the Mediterranean were associated with agro — pastoralism, as a
set of practices to manage sustainably spontaneous resources on a wide variety of areas. Today, these prac-
tices like transhumance fascinate sustainable development experts and inspire them in terms of territorial
resource management and biodiversity or know — how preservation. But, yet, and particularly in dairy and
cheese production, pastoral components of the production systems have steadily declined as a technical
model in favor of more specialized, more controlled, more intensive systems. Regarding the challenges and
changes that livestock is facing at climatic, environmental, and social levels, can pastoralism help to recon-
figure livestock systems, contribute to the agro-ecological transition and, if so, under what forms?

With the aim of contributing to the construction of a sustainable pastoral strategy for Corsica, we conducted
a survey among pastoralists. We analyzed the organization of their breeding, their performances and expec-
tations. The results of these interviews testify the diversity of the technical and organizational choices of pas-
toralists to match their activities with their personal projects; we show that these choices are often far from
traditional representations of pastoralism. They can serve to build new technical models with new coherences
based on qualified skills at individual and at territorial scales. This approach is compared and discussed to
compare the situation in Corsica to other situations in the Mediterranean.

Keywords. Technical models — Production systems — Prospective — Dairy systems — Pastoralism.

Les perspectives des systémes laitiers pastoraux ovins et caprins en Méditerranée face au changement
global: Une analyse a partir de la situation en Corse

Résumé. Pendant des millénaires, I'agro — pastoralisme en Méditerranée, auquel sont associés les petits ru-
minants, a permis de gérer durablement des ressources spontanées sur des terrains tres variés. Il est a l'ori-
gine de pratiques qui fascinent aujourd’hui les spécialistes du développement durable et les inspirent en ma-
tiere de gestion des ressources territoriale et de préservation de la bio — diversité. Pourtant, le pastoralisme
ne cesse de reculer, en tant que modele technique au profit de systemes plus spécialisés, plus contrélés, par-
ticulierement en production laitiere fromagere. Compte tenu des défis et des changements globaux que I'éle-
vage doit aujourd’hui affronter, le pastoralisme peut-il contribuer a reconfigurer les systéemes d’élevage, et a
la transition agro — écologique et si oui sous quelle forme ?

Pour contribuer a la construction d’une stratégie pastorale durable pour la Corse, des enquétes ont été réali-
sées aupres d’éleveurs se réclamant explicitement de pratiques pastorales. L'organisation de leur élevage, leurs
performances, leurs attentes sont analysées et discutées. La diversité des choix techniques et d’organisation
des éleveurs, de projets personnels et de modes de vie recherchés sont souvent trés éloignés des représen-
tations traditionnelles du pastoralisme. Les références produites peuvent servir a identifier de nouvelles co-
hérences basées sur des compétences qualifiées au niveau individuel mais également au niveau territorial.
L’approche développée en Corse est mise en perspectives d’autres situations en Méditerranée.

Mots-clés. Modeles techniques — Systemes techniques — Prospective — Systémes laitiers — Pastoralisme.
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| — Introduction

Corsica is a mountainous island located in the Central Western part of the Mediterranean basin.
For millennia, pastoral activities associated to subsistence crop production have influenced the or-
ganization of the social life and pastoral culture keeps still in the minds and mental models of a large
part of the society. We have chosen here the most common definition of pastoralism as a type of
animal production based on the pasture of the spontaneous forage herbaceous and ligneous re-
sources of rangelands. Pastoral production in Corsica was not specialized but dairy production and
cheeses were an important part of these activities. A high percentage of lands could not be mech-
anized but grain could be produced up to high altitudes (Ravis — Giordani, 2001; Mercury, 2013).
The progressive extinction of subsistence agriculture during the 20t century has contracted the
space used by animals with a growing and general re-in forestation. One answer for animal pro-
duction has been to settle in the few lowlands areas and continue to reduce the use of rangelands.
Abandoning the high summer pastures has been also the consequence of the decrease of the num-
ber of breeders who in addition, prefer better conditions of living and working.

We consider this situation is not specific to Corsica, but it is characteristic of what happened in many
Mediterranean regions where traditional pastoral systems have been marginalized, seen as archaic
and doomed to disappear. Simultaneously, we observe in these areas, an important loss of biodi-
versity, a degradation of pastoral landscapes with erosion and scrub encroaching with an increasing
risk of forest fires in less and less controlled territories. Meanwhile, everywhere, pastoral practices
and know — how, appreciated typical products as cheeses fascinate more and more citizens, lo-
cal stakeholders and development experts, who are inspired to manage territorial resources and
to redesign technical systems to answer agro ecological transition issues (Dubeuf et al., 2016).

In Corsica, the Regional authorities have decided to make pastoralism one of the priorities for the
development of the island to face the new challenges of global changing and because more lands
could be available in pastoral areas (Collectivité territoriale de Corse, 2015). Without document-
ing their vision, they considered also that pastoralism would have high potentials; and they took
several initiatives to define an operational pastoral strategy (Dubeuf and Sorba, 2018).

From the Corsican example, the objective of this communication is to identify at what extent agro-
pastoralism could be a way to re design technical models of dairy small ruminant animal produc-
tion and for what objectives.

Il — Presentation of the regional approach in Corsica

1. Methodology

The approach chosen to help building an operational strategy for pastoralism in Corsica is partic-
ipative, prospective and based on a documented diagnosis of the present situation of the breed-
ers regarding the pastoral components in their systems. Our hypothesis is that we need to docu-
ment the present situation to produce landmarks on the productions systems, the breeders’
practices and expectations. It has been supported and this project is financed by regional author-
ities and based on 3 main activities:

— Areview of the available information and existing references on pastoralism in Corsica; The
documents published between 1970 and now have been reviewed and analyzed to give a
general view of the dynamics of pastoralism in Corsica and the main observed changes.

— Several interviews in sheep and goat farms on their pastoral practices, the expectation of
the farmers, and the main technical and economical results; at this stage,13 breeders were
interviewed (10 during the study and 3 during a previous project), 7 with goats, 4 with sheep
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2 with a mixed sheep and goat herd. All the breeders considered pastoralism is their type of
animal production and they expressed how they see it. In the results a special focus was
given on food autonomy and the interactions between the utilization of natural rangelands,
their management and the distribution of external food (produced or bought hay and feed
stuffs). The question of the pastoral products and the interactions between pastoralism, and
the definition of pastoral products by consumers and prescribers have also been analyzed.

— The organization of thematic workshops involving the main actors of pastoralism in Corsica
to share points of view about pastoralism and build a collective approach to define an oper-
ational strategy. The results of the first two activities will be mobilized during the ongoing
workshops.

2. Results

A. The characteristics of the pastoral farms, their performances
and practices

— Localization of the farms, land structure available and pastoral practices: Only three
farms are located at an altitude above 500 m and two are in lowlands. Nevertheless, 11 from
the 13 have no mechanized lands and most of them cannot produce hay or grain. Some of
them cut some hay in far lands borrowed by colleagues but most of them buy hay (and
mainly from the continent in the Southern France plain of Crau specialized in the produc-
tion of high quality hay protected by a DPO). Most of the lands are rangelands with a mixed
vegetation of shrubs and herbs associated or not to woods. Ten of 13 farms practice tran-
shumance on summer pastures but only one process cheese during the transhumance what
means that only dry, not milked animals go to summer pastures and the average duration of
transhumance is below 2 months so significantly shorter than the traditional practices (4
months were reported). All the farms receive subsidies from the first Pillar of the CAP but
only for a variable a part of the land they use.

— Structure of the herds and production practices: The average total livestock of the inter-
viewed farmers is between 150 and 250 heads of sheep or goats except in one farm of 400
heads but located in the coastal plain. These results confirm the regional statistics showing
that a majority of the bigger sheep herds are located in the plain with production systems
based on natural or cultivated grasslands. In our case, the only herd located in the plain used
natural and not irrigated lands and the farmer considers himself as following pastoral prac-
tices. The local sheep breed is the Corsican breed for which a rather efficient breeding scheme
has been organized since 20 years. The goat breed is also mainly the old Corsican breed
adapted to local conditions, but having neither an efficient selection scheme nor a collective
organization, and many animals are crossed animals. Eleven of the 13 farmers are make
cheeses at the farm although they sell a variable part of their milk to industrial cheese makers.

— Technical performances and food efficiency: The average milk yield per female is between
70 and 219 l/year for goats and 81 and 133 I/year for sheep. These performances are far
below the average yield of both sheep and goats production systems in France but rather
similar to the figures we observe in many other Mediterranean similar pastoral conditions.
Otherwise, we cannot connect directly these yields to the amount of distributed hay and con-
centrate. While many references on the Mediterranean pastoralism consider that range lands
can supply more than 65% of the total needs of animals, we observe here high variations on
the pastoral autonomy indexes, between 22% and 75% but with an average under 50%.
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Table 1. Main technical and economical results of the interviewed farms. NR: not recorded

(€)

Identification Gl G2 G3 G4 G5 G6 G7 S1 S2 S3 sS4 GS1 GS2

(Goats or Sheep)

Altitude <500m | <500m | <500m <500m [ <500m | <500m | <500m | >500m | >500m | lowlands lowlands | <500m >500m

Zip Code 202343 | 20226 20246 20250 20167 20232 20113 20250 20219 20167 20270 20167 20231

Age of the farmer 40-55 40-55 40-55 <40 <40 <40 >55 >55 <40 >55 >55 40-55 >55

(years)

Size

Total number of 230 249 302 240 245 182 207 133 208 260 430 G213/5232 | G65/582

heads

Total female 170 203 234 160 220 142 160 113 169 210 360 G160/5200 | G50/566

Total male 20 8 25 10 15 18 35 4 29 40 60 G18/S20 G2/S11

Young does or ewes 40 38 43 70 10 22 12 16 10 10 12 G35/512 G12/S5

Land used

Mechanized lands 0 0 0 0 0 0 0 0 0 0 10 60 0

Range lands (ha 340 273 251 400 180 106 310 37 170 40 50 140 90

scrubs and

herbaceous without

summer lands)

Dominant vegetation L+H L L+H+Wood L+w L+H L+H+W L H L H H L+H L+H

(herbaceous,

ligneous)

Lands receiving NR NR NR 120 100 47 55 NR 65 20 NR 30 22

subsidies (ha 1%

Pillar)

Purchase of hay 20,8 8,75 13 30 30 15,5 8 15 26 13,2 77,62 17,5 20

(t/year)

Purchase of 17,9 13,9 29,2 47,5 30 7,2 13,4 20 15 37,5 139 23,5 15

Concentrates (t/year)

Transhumance s (0] (0] (0] N o [0} N N [0} [0} (0] [0} (6]

(Y/N)

Duration of 2 2 2 - 2 2 - - 2 2 2 2 2,5

transhumance

(Months)

Mountain cheese N N N - o] N - - N N N N N

making (Y/N)

Production

Total milk production 18000 25000 26600 35040 32450 18000 17920 17967 15041 27920 39600 10800 16200

(I/year)

Milk 106 123 114 219 147,5 127 112 159 89 133 110 67,5/81 84,2/84

production/present

female

Milk production 138 171 133 241 161 181 140 161 105 145 114 112,5/135 114/105

/milked female

Fecondity (%) 94 83 85 91 92 70 75 99 90 90 97 60/60 66/91

Food autonomy

Food requirements A 76166 82289 100137 86270 | 107703 65840 69950 50195 69996 93236 130892 93026 46520
(UF)

Distributed food 34524 | 37490 25940 66525 | 60002 18653 | 18424 | 35002 | 41002 46375 87502 47205 28650

intake B (UF)

Estimated food 42642 44799 74197 19745 49299 47187 51526 15193 28994 46861 43390 45821 17870

intake by range lands

(A-B/UF)

Pastoral Autonomy 54% 54% 74% 23% 46% 72% 73% 30% 41% 50% 33% 49% 38%

Index (A-B/A*100)

Economic results

Feeding costs (€) 17280 16498 19400 31550 23200 8680 10148 13900 25995 21186 29200 11500 11500

Sold milk products (€) - - - 14003 - - 61200 | 18000 - 69998 42000 - -

Cheese products (€) 45000 57500 45520 79322 42000 40500 - - 48000 61200 12600 78570 58300

Meat products (€) 7500 8640 15120 4500 7560 4320 6000 - 1120 8050 - 25500 -

Total Products 52500 66140 60640 83822 49560 44820 67200 49120 139248 54600 104070 58300

Margin on food costs | 35220 | 49642 41240 52272 | 26360 | 36140 | 57052 4100 23125 | 118062 | 25400 92570 46800
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From these data, we can assert:

» That range lands have the potentialities to provide a high amount of the forage supplies for
the animals.

» That the control of pasture and pastoral management require high skills, know-how and
references which have been lost in many cases.

» That there is great variety of rangelands and a good characterization and evaluation of
their potentialities has to be carried out.

Thanks to a good valorization of the cheese and high milk prices, with good conditions to sell the
kids (but not the lambs), and in spite of rather poor technical performances and high food costs,
the pastoral farms can provide acceptable incomes for the farmers. But these results can be ob-
tained as long as they receive subsidies from the CAP and they accept hard conditions of living.
These conclusions agree with the conclusions of the typologies elaborated by the local regional
chamber of Agriculture (Lafitte L-M., 2017, 2019; Idele, 2017; ILOCC, 2017).

These collected data are annual and for a given year. It would have been interesting to observe
their interannual variability. The sanitary state of the flocks (specially for goats often highly impacted
by paratuberculosis and other diseases) and the unpredictable and higher frequency of drought
periods due to climate changing could affect the regularity of the performances.

B. Pastoral products: beyond stereotypes, foods to qualify

In many studies on pastoralism and its definition, the products are often forgotten. But defining pas-
toralism and its potentialities is also defining its products, how they are qualified. A recent research
on this point (Sorba et al., 2016) has shown the total dissociation between the product, the food, and
the conditions in which it has been produced. The selling points are generally minimalist and give few
elements on the qualities given to pastoral cheeses. In main land France, cheeses are sold on pur-
chase platform while in Corsica, direct sale is more common. In the first case, commercial stereotypes
are dominant (natural conditions, the aesthetics of pastoral landscapes...) with a permanent reference
to the use of raw crude milk; in Corsica, the use of crude milk is considered as usual and the cheese
eaters associate them more to very general pastoral conditions (the breed, fantasy traditional prac-
tices). The market arguments are very weak in all cases and do not consider the pastoral production
conditions. The diversity of cheese types is not related to the diversity of production systems.

lll - Discussion: What levers for dairy pastoralism in Corsica?

In Corsica, like in many other Mediterranean situations, small ruminants pastoralism is related to
dairy and cheese production. We know that in many mountain areas, we observe a renewal of pas-
toralism for sheep and meat cattle production systems. But, the results presented above and their
variability show that the production systems are not yet fully stabilized. In these conditions, at what
extent, considering the special zoo technical requirements of the animals, pastoralism could be also
a solution for production systems including milk production? We observe that at a large extent for-
age autonomy is absent of the systems and presently the purchase of hay outside the island is the
rule. In dairy systems, the distribution of hay and concentrates during critical periods (early lacta-
tion, late pregnancy) is necessary to control production and we know there is a lack of lands for
producing hay near most of pastoral farms. The organization of a regional collective feed auton-
omy at the island level could be imagined as a solution to stick to agro ecological objectives. Be-
sides, and this is another critical point, the total amount of distributed hay and concentrates could
be reduced in many cases without impacting the productivity of the herds. The traditional know-
how have been at a large extent forgotten and it should be necessary to produce the references
and practices to reconquer and manage the pastoral spaces, to make them available and attrac-
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tive to the animals. Paradoxically, because the price of the products and the market demand are
high, the context is not very incentive to controlled management of feed complementation.

Pastoralism is no more an archaic and extensive type of animal production. It requires high tech-
nical multifunctional skills, innovation, and should be intensified in qualified labor. One way could
be to acknowledge its ecological services in the several protected areas of the mountains of the
island and follow agro ecological principles. Qualifying and certifying pastoral products according
to the conditions could favor their acknowledgment by the society. Such dynamics would require
a collective mobilization, a good coordination between the several actors, efficient extension
services and a strong public support with a good capacity to define a clear strategy.

IV — Conclusion

The Mediterranean area has to face important challenges at a short term: deadline related to cli-
mate changing, water and food shortages and the future of animal production or the management
and development of hinterlands are some of these challenges. We have shown here that the case
of Corsica is very relevant to identify and face these issues. In spite of nostalgic visions, the rural
societies will not be anymore what they were and the return to the past is neither possible nor de-
sirable. For example, no young farmer would accept to give all his time to build stone walls and
terraces. It is necessary to imagine new technologies, new know-how mobilizing for instance dig-
ital technologies, new knowledge to answer the present environmental and ecological challenges.
To explore them and propose solutions for future, we plan to organize a prospective workshop and
build collectively scenarios for future.
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Abstract. The semi-arid highlands of Setif have been characterized by sheep farming and cereal cultivation
for centuries. With the arrival of French settlers in the 19th century, cereal production became a priority in order
to provide a growing metropolitan market. The integration of cereal farming and livestock production has since
developed and resulted in the reservation of part of the sole for fodder crops and the creation of permanent
grassland in wet areas (areas near rivers). Since independence (1962), public policies have induced, through
the fixing of consumer prices and the subsidy of imported products such as cereals and milk, profound trans-
formations within production systems. As a result, the traditional system, combining cereals and sheep, is cur-
rently undergoing major changes. This system is transformed from extensive agro-pastoral to a model in the
process of intensification of livestock-mixed farming. The best-structured farms are geared towards valorizing
the most profitable links in the production chain, while the majority of farms continued to practice cereals and
livestock farming. The semi-arid farms have adopted a diversification strategy of agricultural and livestock
activities with a view to improving their incomes and ensuring their sustainability.

Keywords. Dynamics — Breeding — Adaptation — Climate — Semi arid.

Dynamique des systémes d’élevage et stratégies d’adaptation face aux changements climatiques et
socio-économiques dans la zone semi-aride Sétifienne (Algérie)

Résumé. Les hautes plaines semi-arides de Sétif se caractérisaient par I'élevage ovin et la culture de céréales
depuis des siecles; avec l'arrivée des colons frangais au 19eme siecle, la production de céréales est devenue
prioritaire pour pourvoir un marché métropolitain porteur. L’association céréales—élevage s’est depuis déve-
loppée et a abouti a la réservation d’une partie de la sole aux cultures fourrageres et a la création de prairies
permanentes dans les parcelles humides. Depuis I'indépendance (1962), les politiques publiques ont induit par
le biais de la fixation des prix a la consommation et la subvention de produits importés tels que les céréales
et le lait, des transformations profondes au sein des systemes de production. Par conséquent, le systeme tra-
ditionnel, combinant céréales et ovin, subit actuellement des mutations majeures. Ce systeme se transforme
de l'agro-pastoral extensif vers un modéle en voie d’intensification de polyculture-élevage. Les exploitations
les mieux structurées sont orientées vers la valorisation des maillons les plus rentables de la chaine de pro-
duction, alors que la majorité des exploitations ont continué a pratiquer la céréaliculture et I'élevage, Les ex-
ploitations en zone semi-aride ont adopté une stratégie de diversification des activités agricoles et d’élevage
en vue d’améliorer leurs revenus et d’assurer leur durabilité.

Mots-clés. Dynamique — Elevage — Adaptation — Climat — Semi-aride.
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| — Introduction

The semi-arid zone of Setif has been characterized by pastoral farming and cereal cultivation for
centuries. However, under the combined effect of climate change and policies implemented by the
government since independence, the integrated cereal-sheep farming system has evolved into mixed
crop-livestock farming. Many farms have adopted cash cropping and replaced sheep with dairy cat-
tle that have gradually moved from humid coastal areas to the semi-arid high plains. Livestock pro-
duction, a strategic and indispensable activity of farming is highly integrated with mixed cropping
(mainly cereals) in smallholder farms (5 to 15 ha). Over 95% of the smallholder farms rear livestock
that contributes significantly to the farm’s income and secures it by enhancing the co-products of
cereals (straw, stubble) and fallow. There is a steady decline in the average size of the farm, due
to the fragmentation of agricultural land through inheritance. The reduction in farm sizes coupled
with smaller herd sizes, water scarcity, erratic and low rainfall, as well as the effect of climate change,
increase the risks and vulnerability of agricultural enterprises. In this context, the present work aims
to document the dynamics of farming systems in a semi-arid region characterized by low forage pro-
duction potential, as well as the strategies adopted by pastoralists for adaptation to climate change.

Il — Materials and methods

1. Description of the study area

Setif is located in the high cereal plains of eastern Algeria. Its total area is 6504 km? or 0.27% of
the national territory. Its altitude varies between 900 and 2000 m a.s.l. It is characterized by a con-
tinental climate with low and irregular rainfall (the annual average is 400 mm). It is subdivided into
three zones according to the aridity gradient: northern semi-arid zone (NSZ), central semi-arid zone
(CSZ), southern semi-arid zone (SSZ). Given its semi-arid characteristics, local agriculture is mainly
based on sheep farming and cereal production, which occupies a large area estimated to be
180,765 ha. Milk production increased significantly from 66 million litre in 2000 to 248 million litre
in 2012 (DSA, 2012).

2. Methodology

A total of 63 farms were surveyed to document the farm stucture, production systems and adap-
tion strategies of livestock farmers to climate change, and to political and socioeconomic condi-
tions. A detailed questionnaire was developed to collect information and the survey took place in
2013-2014.

These farms were selected from a long list based on the following criteria: i) farm size (UAA and
livestock number), ii) dairy production iii) area cultivated with fodder crops. These farms are dis-
tributed over the 3 bioclimatic zones (NSZ, CSZ, SSZ).

Il — Results and discussion

The typology established with the factor analysis (Figure 1) revealed that 70% of the sample stud-
ied consisted of small farms holding less than 10 head of cattle and less than 10 ha for the land
base. This confirms the data of Sétif's Agricultural Services Directorate (80% of farms with less than
10 heads). This observation indicates the weak structure of these farms, which constitutes a risk
to their sustainability.
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Fig. 1. Graphic of the groups identified by the MCA.

The analysis indicated that there are 2 types of feeding systems:

A) The grassland system: is practiced in the CSZ and NSZ farms, especially those located on the
banks of the Wadi Boussellem, a zone favorable to milk production. The feeding is based on grass-
land grazing all year round. Concentrate feeds are distributed throughout the year with variations
depending on the season and the physiological stage of the livestock (Madani et al., 2004).

B) The fodder system: is present in the SSZ farms that are poor in grassland resources. Feeding
is based on cultivated fodder (irrigated forage, barley), straw, grazing stubbles and fallow land.

Fallow land is strongly integrated into the livestock feeding system, reflecting the low level of in-
tegration of forage crops in this region (Abbas and Abdelguerfi, 2005).

The feeding is essentially based on concentrate feeds because of the lack of off farm purchased
cereal straw. The low level of integration of forage crops in rotations in the study area is attributed
to the evolution of production systems towards cash crops that are deemed to be more water ef-
ficient than milk production.

To cope with the changes brought about by the climate as well as the agricultural policies of the
government, the farmers of the region adopted adaptation strategies consisting of:

— Allocation of water to fodder used by dairy cows and to vegetable crop production (sources
of income).

— Utilization of cereal crops by-products (straw, stubbles) and the adaptive management of
cereal crops through their allocation to animals as feeds, in case of drought.

— Fattening of cattle, especially calves born on the farm.

— Exploitation of fallow land which significantly increases the contribution of the crops to the
forage system of the farm.
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IV — Conclusions

We can conclude that the emergence of dairy cattle farming in a semi-arid cereal-growing area is
a strategy adopted to diversify and improve the income sources of family farms. In addition, this strat-
egy ensures the sustainability of these farms, which are shrinking in size due to fragmentation of
land by inheritance. The presence of dairy cattle on the farms of the semi-arid region could have
positive consequences because it makes it possible to utilize cereal stubble and straw, ensuring their
viability by generating additional income. The sustainability of livestock farming in the semi-arid ce-
real-growing zone depends primarily on the strategies to be developed by the farmers, in this case
the conversion of the cereal cropping-fallow system to the cereal-forage / legume system. This al-
lows the fodder system to be better integrated into both the cropping and the livestock systems.
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Abstract. Improving grazing management could increase soil carbon sequestration and other goods and
services in grazing lands and contribute to increase pasture sustainability. The objectives of the study were
to compare two grazing management techniques, one of them referring to holistic management. Nine plots,
located in three farms in the Southwest of Iberian Peninsula under an Adaptive Multi-Paddock (AMP) graz-
ing were compared with nine control plots of neighbouring farms with similar vegetation and soil and under a
rotational stocking method. The analysed indicators were: Rangeland Health Index (RHI), plants richness and
biodiversity, and soil quality like bulk density, total carbon and nitrogen, availability of phosphorous, calcium
and potassium, microbial diversity and enzymatic activity. The results reveal better values of all indicators
analysed in the AMP grazing plots in relation to control ones. Significant differences were found in percent-
age of ground cover, species richness, and availability of phosphorus and potassium (P<0,05). Although
more studies are needed, these preliminary results show a trend to better health ecosystem and soil quality
in the farms under AMP grazing. These findings highlight the importance of researching and implementing
sustainable grazing managements to keep and restore grasslands thanks to ecosystem services generated
by livestock, including carbon sequestration and climate regulation.

Keywords. Holistic management — Adaptive Multi-Paddock (AMP) grazing — Ecosystem health — Soil quality.

Gestion holistique : une approche pour accroitre la durabilité des paturages et atténuer les effets des
changements climatiques

Résumeé. L’amélioration de la gestion des péturages pourrait augmenter la séquestration du carbone dans le
sol et d’autres biens et services dans les paturages et contribuer a accroitre la durabilité des paturages. Les
objectifs de I'étude étaient de comparer deux techniques de gestion du péturage, I'une d’elles faisant référence
a la gestion holistique.Neuf parcelles situées dans trois exploitations situées dans le sud-ouest de la pénin-
sule ibérique sous un péturage adaptatif a plusieurs enclos (AMP) ont été comparées a neuf parcelles témoins
de fermes voisines présentant une végétation et un sol similaires et une méthode de stockage en rotation. Les
indicateurs analysés étaient les suivants : indice de santé des parcours (Richland Health Index, RHI), richesse
des plantes et biodiversité, et qualité des sols comme la densité apparente, le carbone total et I'azote, la dis-
ponibilité de phosphore, de calcium et de potassium, la diversité microbienne et I'activité enzymatique. Les ré-
Sultats révelent de meilleures valeurs pour tous les indicateurs analysés dans les parcelles de paturage AMP
par rapport aux témoins. Des différences significatives ont été observées en termes de pourcentage de cou-
verture végétale, de richesse en espéces et de disponibilité de phosphore et de potassium (P <0,05). Bien que
d’autres études soient nécessaires, ces résultats préliminaires montrent une tendance a I'amélioration de la
santé des écosystéemes et de la qualité des sols dans les exploitations soumises au paturage AMP. Ces ré-
sultats soulignent I'importance de la recherche et de la mise en ceuvre de pratiques de gestion durable des
paturages pour conserver et restaurer les prairies grace aux services écosystémiques générés par 'élevage,
notamment la séquestration du carbone et la régulation du climat.

Mots-clés. Gestion holistique — Paturage adaptatif multi-paddock (AMP) — Santé de I'écosystéme — Qualité du sol.
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| — Introduction

Grazing lands represent the largest resource in the world, occupying about a half of the world’s land
area and providing a wide range of important economic, environmental, and social goods and serv-
ices (Ronald et al., 2010). Also they are a large repository of soil C because of their high C den-
sity and the vast land area they occupy (Schuman G et al., 2002).

In a global context of land degradation and climate change, improved grazing management
strategies could greatly increase soil C sequestration, while greatly improving their production po-
tential and other environmental benefits (Schuman G. et al., 2002).

Holistic Management ™ (HM), is a whole-farm management process relying on holistic-goal set-
ting and adaptive decision-making. The grazing management, an Adaptive Multi-Paddock (AMP)
grazing, try to mimic the intense yet brief grazing pressure of large herds, through high intensity
grazing pressure followed by long rest periods (Savory and Butterfield, 1999; Stinner et al., 1997).
In a farm, a grazing planning is implemented, with long recovery times (120-60 days) and short graz-
ing periods (3 days by paddock), and livestock densities are higher than in traditional managemet.

There is controversy on the benefits of Adaptive Multi-Paddock (AMP) grazing and its role in ecosys-
tem sustainability, and, to our knowledge, there is not any research carried out in Mediterranean
context. Some researchers have concluded that even rotational stocking method offers no signif-
icant benefit over continuous stocking (Holechek et al., 2000; Briske et al., 2008). While others show
evidences in productivity and profitability and ecosystem health under Adaptive Multi-Paddock graz-
ing (Teague et al., 2009b; Hillenbranda et al., 2019).

Our objective is to study, in a Mediterranean context, the effects of an Adaptive Multi-Paddock
(AMP) grazing on ecosystem health, plants richness and biodiversity, and soil quality.

Il — Materials and methods

1. Farms and grazing management

This study was developed in three farms located in the Southwest of Iberian Peninsula, in Retamal
de Llerena (Spain, 38°34’ N, 5°49'W; 467 m a.s.l.), Elvas (Portugal, 38° 47’ N, 7° 10° W; 190 m a.s.l.)
and Campo Maior (Portugal, 39° 06’ N, 7° 03’ W; 259 m a.s.l.). The climate is Mediterranean, char-
acterized by dry summers and high variability rainfall with an annual average of 450 mm.

The farms managed under AMP have an average area of 450 ha of agroforestry system (Quer-
cus llex). The herds are composed of 1400 merino sheep’s in one farm, and 100 and 250 angus
cows in the others farms.

Since 2015 a Holistic Management has been implemented, under an Adaptive Multi-Paddock (AMP)
grazing with relative high stocking density, with mean values of 25 Animal Units/hectare (AU/Ha),
where one Animal Unit is equivalent a one mature, non-lactating bovine weighing 500 kg and fed
at a maintenance level for zero gain. AMP is also characterized by using short grazing periods in
each paddock, with mean values of three days and adequate resting periods during the growing
season, with mean values that oscillate between 100 days when the plants growth is slow- autumn
and winter- and 40 days when the plants growth is fast- spring-.

Closer farms were chosen as control, having similar soils, vegetation, livestock (cattle/sheep) and
stocking rates. These farms followed a conventional management consisting in a rotational stock-
ing method with lower stocking density, larger grazing periods and shorter rest periods.
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2. Sampling and analysis

The sampling was carried out during the spring of 2018 in three plots per AMP farm and three in
their respectively controls, in total nine plots under AMP grazing and nine control plots under a ro-
tational stocking method.

In each plot the Rangeland Health Index (RHI) was measured according to Borreli et al. (2012).
Also floristic inventories to determinate biodiversity and species richness were made in each plot
identifying all species in 100 m2. Three square of 1m? each were used to determinate the abun-
dance of each taxon considering Braun-Blanquet scale (1979). Shannon-Wiener Index and Simp-
son’s Index were calculate to determinate plant biodiversity.

Furthermore, two total soil samples were taken per plot, one under the canopy of trees and an-
other outside the tree. The sieved soil samples (> 2mm) were divided in 3 aliquots, one was used
to calculate bulk density and total carbon and nitrogen and phosphorus, potassium and calcium
availability. The second was kept refrigerated until enzymatic activity analysis were done using Bi-
olog Plate technique and the third aliquot was stored at -80 °C for analysis of phospholipid fatty
acids analyses (PLFAs) to determinate microbial structural and functional diversity.

For the statistical analyses, the SPSS Statistics v24 program was used. Student’s T test was used
to evaluate if there were significant differences among treatments.

Ill - Results and discussion

The RHI was higher in farms under AMP grazing, but with no significant differences respect to con-
trol farms. However, the biological indicator of percentage of ground cover was statistically higher
in 10 average points (the score according to ground cover ranged from +20 to -20) in AMP farms
in contrast to control farms. These results agree with Teague et al. (2011) that found that the per-
centage of bare ground was statistically significant lower on pastures under holistic grazing. Veg-
etation cover is likewise an important ecological indicator related to pasture sustainability as greater
bare ground results in increased run off and soil loss.

In relation to plant biodiversity, no significant differences were found between treatments. However,
farms under AMP grazing presented higher level of species richness in contrast to control plots,
with mean values of 47,22 and 39,33 species respectively (P < 0.05).

Hillenbranda et al., 2019 also found positive results in a holistic planned grazing (similar to AMP
grazing) with bison compared to continuous grazing with cattle, including increase fine litter cover,
herbaceous biomass, plant composition, plantimportance value, and decrease in bare ground and
improve water infiltration rate.

The nutrients and physical soil indicator measured (Table 1) were better under AMP grazing, but
only the value of phosphorus and calcium presented statistically significant differences. In relation
to enzymatic activity and microbial biodiversity in soil samples outside the tree higher values were
found under AMP grazing, without significant differences (p= 0.875 and p = 0.088 respectively).
Teague et al. (2011) found that land grazed holistically presented better soil quality in higher ratio
of fungi and bacteria and higher contents of calcium, magnesium, and sodium.

On the other hand, Stanley et al. (2018) comparing the life cycle analysis (LCA), including soil car-
bon sequestration, in two different beef systems — AMP grazing and feedlot-finished cattle (FD) —
suggest that AMP grazing has the potential to offset greenhouse gases (GHG) emissions through
soil carbon sequestration, and therefore not only improving grazing management can facilitate car-
bon sequestration, but that the finishing phase could be a net carbon sink.
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Table 1. Soil indicators measured, units and method applied and results

Soil indicators Method/technique AMP Control

Bulk density (g/cm?) Steel cylinders (Coile, 1936) 1.52 £ 0.37 1.60 £ 0.40
Total carbon (%) Dry combustion (Dumas method) 1.78 + 0.66 1.48 +0.44
Total nitrogen (%) Dry combustion (Dumas method) 0.22 +0.07 0.18 £ 0.06
Phosphorus (mg/kg soil)* Colorimetry 89.82 + 81.67 0.18 £ 0.41
Potassium (mg/kg soil)* Flame spectrometry 1593.01 + 877.36 915.60 + 3344.99
Calcium (mg/kg soil) Flame spectrometry 1098.57 + 1203.97 750.04 +704.73

AMP: Adaptive Multi-Paddock grazing; Control (Soil samples taken outside the tree);
* Statistically significant differences P value < 0.05.

IV — Conclusion

Although further studies are going on, which means more farms and long-term trials, these prelimi-
nary results suggest that AMP grazing in a whole-farm Holistic Management can be a tool for improving
environmental pasture sustainability and soil health and contributing to mitigate climate change.
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Evolution and transformation dynamics
of rangeland in Moroccan north Atlasic
plains and plateaux: Rhamna’s case
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Abstract. Rhamna region is an agro-pastoral zone characterized by an arid climate. It is part of pastoral
ecosystems classified as moderately degraded in Morocco. The objective of this research is to determine the
dynamics of this ecosystem over time by integrating the effects of climate change. The dynamics of land-use
change was apprehended by a study of multi-date remote sensing of satellite images (1987 and 2017). The
diachronic study of land use in Rhamna shows a clear regression of pastoral areas in favor of cultivated land
and often gives way to completely bare land. Critical regression of vegetation cover is mainly due to increas-
ing pressure. But climate change has aggravated the situation in recent decades. Long-term analysis of cli-
mate data shows that one year out of two is considered agronomically dry. Other environmental degradation
factors stem from current changes in pastoral society. Indeed, the last sequence of dry years has led to a
massive use of concentrate feeds. Cereal cultivation, although not a new phenomenon in the region, has
reached alarming proportions.

Keywords. Rhamna — Pastoral area — Degradation — Climate change — Vegetation cover.

Dynamique d'évolution et de transformation des parcours dans les plaines et plateaux atlasiques du
Nord marocain : le cas de Rhamna

Résumé. Rhamna est une zone agro-pastorale caractérisée par un climat aride. Elle fait partie des écosys-
temes pastoraux classés comme moyennement dégradés au Maroc. L’objectif de cette recherche est de dé-
terminer la dynamique de cet écosysteme au fil du temps en intégrant les effets du changement climatique.
La dynamique du changement d’occupation du sol a été appréhendée par une étude de télédétection multi-
date d’images satellitaires (1987 et 2017). L’étude diachronique de I'utilisation des terres a Rhamna montre
une nette régression des zones pastorales en faveur des terres cultivées et céde souvent la place a des terres
completement nues. La régression critique du couvert végétal est principalement due a la pression croissante.
L’anthropisation est établie depuis longtemps, mais le changement climatique semble avoir aggravé la situa-
tion au cours des dernieres décennies. L’analyse de long terme des données climatiques montre qu’une an-
née sur deux est considérée comme seche sur le plan agronomique. D’autres facteurs de dégradation de I'en-
vironnement découlent des changements actuels dans la société pastorale. En effet, la derniere séquence
d’années séches a conduit a une utilisation massive d’aliments concentrés. La culture de céréales, bien que
n’étant pas un phénomene nouveau dans la région, a atteint des proportions alarmantes.

Mots-clés. Rhamna — Zone pastorale — Dégradation — Changement climatique — Couvert végétal.

| — Introduction

In Morocco, rangelands are the scene of a negative and continuous ecological imbalance with an
inexorable degradation resulting from overgrazing, clearing and cultivation (Berkat and Hammoudi.
1989, El Koudrim et al., 2003, El Koudrim et al., 2014). This resulted in low production and declining
forage quality.

Rhamna is an agro-pastoral zone characterized by an arid climate. It is part of pastoral ecosystems
classified as moderately degraded to degraded (Berkat et al., 1992). But currently, these range-
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lands are in an increased degradation that places them rather among the most degraded ecosys-
tems. Unfortunately, much information is lacking concerning this degradation and the resilience ca-
pacity of rangelands.

Currently, there is a growing interest in understanding the interaction of climate change and agri-
cultural production and this is driving a significant amount of research (Aydinalp and Cresser, 2008).
Moreover, there is still limited research regarding the impacts of climate change on livestock pro-
duction (IPCC, 2014).

The objective of this research is to determine the dynamics of the Rhamna ecosystem over time
by integrating the effects of climate change on land-use change and grazing evolution.

Il — Materials and methods

Rhamna is part of the greater Marrakech-Safi region. Its area is over 550.000 ha, with a popula-
tion of 350.000 inhabitants, 60% rural. The climate is arid with an average rainfall of 250-300 mm.
Rhamna is classified as an agro-pastoral system.

The study of meteorological drought plays a key role in any program to combat the effects of cli-
mate change on agriculture (Rojas-Downing et al., 2017, Dong et al., 2011). Therefore, in a long-
term strategy program, decisions should be based primarily on the analysis of meteorological vari-
ables and agricultural production. Climatic data used in this study was retrieved from the
meteorological station of Benguerir. The data is verified, sorted and added into database. The analy-
sis of climatic variability is carried out by the study of long climatic series (30 years).

The potential indicators used in the climate study are aimed at establishing a comprehensive sys-
tem of long-term climate change. However, taking into account the specificity of the study area, a
limited number of indicators can be proposed. For this work, we used the Precipitation Standard-
ized Index (Mckee, 1993). In fact, several indices are developed to characterize drought, the most
used are Standardized Precipitation Index (SPI) (Mckee, 1993). Our objective is to characterize
agronomic drought, so we used SPI for 3 months (Barakat and Handoufe, 1998).

Vegetation is a major environmental parameter that, through its physical and floristic structure, can
be used for the environmental identification and characterization of the agro-ecological zones
(Berkat et al., 1992). The study focuses on environmental stratification and vegetation characterization
and land-use comparisons between 1988 and 2017 in the Rhamna region using remote sensing. Two
free Landsat images downloaded from USGS (US Geological Survey, http://glovis.usgs.gov/) were
processed and analyzed using GIS software. Several algorithms have been applied to highlight the
land use and its evolution between the two dates. The identification of land cover layers for 2017
was done by a supervised classification based on field data.

Il — Results and discussion

1. Climatic study

In Rhamna agro-pastoral zone, drought contributes in soil cover reduction and lands deterioration
and consequently in increasing soil vulnerability to erosion.

The results show that the annual precipitation average is about 230 mm/year. The minimum is 99.4
mm recorded during 2000/2001 and the maximum is 396.4 mm during 1996/1997.

We can also note, alike the majority of arid zones (Benzarti et al., 2001), a wide distribution of an-
nual precipitations (Fig. 1) with 34% of coefficient of variation. However, the trend remained stable.
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Fig. 1. Variability of annual rainfall and linear trend. Fig. 2. Seasonal precipitations trend.

For the annual plants, spring is also a very critical period. A water deficit during this period, which
corresponds to the end of a vegetative stage, would have consequently a reduction of the growth
and a decrease in forage biomass. Indeed, a linear relation was established between rainfall, in
particular the effective rain, and herbaceous biomass (Grouzis and Albergel, 1989).

For cereals, spring is the period of grain filling stage, so water deficit in this period would have a
very significant reduction in cereal production. Definitely, cereal cultivation in this region is not jus-
tified on the agronomic and economic perspective.

Regarding the Standarized Precipitation Index (SPI), results show that during the last decades, half
of years were dry (Fig. 3). Furthermore, the value of the drought index proves that 1992/1993 and
2015/2016 are the driest years during this period.

The monthly comparison of rainfall between dry years and the average of the series shows that
the decrease in the rainfall occurs in the middle of the growing season and worsens in January,
February and March. Similarly, there is a very significant reduction in precipitation in September
(Fig. 4). It is therefore clear that the rainfall deficit during the years of drought will have a negative
impact on soil cover.

2,00 40,0
A
150 35,0 /\
i ‘Ean.u e
' [ | | I &0
0,50 = ? & 7“
[ 11 i | i 3o N\
Bk IR Fisss ¥ Y Y v £ 150
R 228 1% £ ]
g iiiib b HEHEEE H BRI 3 00
Y £4 19 P00 ERRREER REPaRi B 0 o I L,
R R R R RRRRRRRRRRRARSR |
i 0,0
po Sep Oct Mov Dec Jan Feb Mar Apr May Jun  Jul  Aug
2,00 Mean of drough years
2,50 ~ e Mtan) of serie

Fig. 3. Variability of SPI index in Benguerir station. Fig. 4. Monthly rainfall in drought years and mean
of the series.

2. Rangeland dynamic changes

For the assessment of change between 1988 and 2017, the study was based on the main land use
strata, namely: forest, shrubs, rangeland, cropland, and bare soil and uncultivated areas.

Results obtained from satellite image processing, ranging from lean data to exogenous data, highlighted
changes in the major classes of land cover. It is noted that the evolution of the environment is gener-
ally regressive. As a result, rangeland was decreased by 26%, shrubs by 17% and forest by 5%. On
the other hand, crop land was increased by 20% and bare soil and uncultivated areas by 30% (Fig. 5).
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Fig. 5. Soil cover changes between 1988 and 2017.

These different changes in land use can be explained by simple shifts from one stratum to another.
Indeed, rangeland, forest and scrub are recovered as cropland and bare soil and uncultivated ar-
eas. Nevertheless, the analysis of the matrix of changes shows that the contribution to change can

occur simultaneously from several strata (Table 1).

Table 1. Matrix of changes in soil cover between 1988 and 2017

Land use class (1988)

Land use class (2017) Crops Rangeland Water Forest Scrub Bare soil Total
and fallow and and
shrubs uncultivated
Crops ha 10,811 90,115 3 13,033 5,882 5,230 125,076
% 39 26 0 38 6 13 23
Rangeland and fallow ha 11,041 139,212 0 2,076 59,030 6,251 217,611
% 40 40 0 6 57 16 39
Water ha 0 3 1,391 19 0 0 1,413
% 0 0 88 0 0 0 0
Forest ha 1,289 5,358 9 2,051 79 833 9,620
% 5 2 1 6 0 2 2
Scrub and shrubs ha 104 8,485 1 4,511 109 1,802 15,012
% 0 3 0 13 0 4 3
Bare soil and uncultivated ha 4,257 101,064 179 12,836 39,014 26,125 183,475
% 15 29 1 37 37 65 33
Total (2008) ha 27,502 344,239 1,582 34,527 104,115 40,242 552,207

Thus, the main changes observed in land cover between 1988 and 2017 are summarized as follows:

— Forest: the spaces assigned to this level are distributed among all the other strata. Thus, only
6% of the area in this class remained stable, while 38% was converted to cropland, 13% to
shrubs, 6% to rangeland and 37% completely disappeared, leaving room for bare soil.

— Scrubs: Less than 1% of the area of this stratum remained unchanged. The remains were
severely degraded to rangeland (57%) or disappeared completely by clearing (37%) or by

cultivation (6%).

— Rangeland: this class has retained 40% of its area. Most of it disappeared to give bare soil
(29%) and cropland (26%). Only 5% regenerated by reforestation and planting;

— Cropland: In general, this area has increased by 20% and 39%. The increase of these areas
is due to the loss of rangeland (40%) and forest 5%. We also note that 15% was recovered
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from the bare soil.
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— Bare soil and uncultivated: This class represents most of the area of Rhamna. It represents
respectively 7% and 33% of this space in 1987 and 2017. These spaces have increased by
30% between these two dates. Most of it remained unchanged (65%), 16% comes from
rangelands and 13% from cultivated land.

IV — Conclusion

The critical regression of the vegetation cover is due first to the growing pressure over the resources
that has been in place for a long time, but climate change has worsened the situation in recent
decades. The analysis of the current state of vegetation and environment shows a general tendency
towards degradation.

In fact, the long-term analysis of climate data shows that one year out of two is considered agro-
nomically dry. We would therefore find it difficult to support the hypothesis of a cyclical drought to
explain the advanced level of degradation of the pastoral environment and which is rather the fi-
nal stage of a long-standing process in which drought occurs only as a catalyst element.

Other factors of environmental degradation derive from the current changes in pastoral society. In-
deed, the last sequence of dry years has led to massive use of concentrate feeds. Cereal grow-
ing, without being a new phenomenon in the region, has taken alarming proportions.
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Phytomass estimation of Moroccan rangeland
using Sentinel-2 satellite indices and
in situ biomass measurements
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Abstract. The monitoring of fodder production in arid and semi-extensive rangelands of Morocco is an essential
component of livestock management. An accurate estimate of rangeland phytomass information is required for
supplementary feeding leading to sustainable use of rangeland resources. The objective of this study is to test
several vegetation indices resulting from remote sensing to propose the most appropriate vegetation indices for
phytomass estimation of Moroccan rangelands. Field data, collected during spring 2018 in the Eastern region of
Morocco, and eight vegetation indices (ARVI, DVI, IPVI, MSAVI, NDVI, RVI, SAVI and TSAVI) obtained from
three Sentinel-2 satellite images acquired in April 2018 are used. Correlations between measured phytomass
and each of these vegetation indices were performed to identify the best estimator. The results showed that
rangeland phytomass ranged from 0.02 to 4.71 tons with an average of 0.84 tons per hectare in the studied site.
Vegetation indices highly correlated with measured phytomass are ARVI, IPVI, NDVI, RVI and SAVI. Also, the
results showed that polynomial models were better than linear ones. The best model of phytomass estimation
was RVI followed by NDVI with a coefficient of deterimination, RZY of 0.84 and 0.82, respectively.

Keywords. Biomass — Vegetation index — Pasture — Remote sensing — Eastern Morocco.

Estimation de la production fourragére des terres de parcours des Hauts plateaux de I’Oriental a patir
des indices de télédétection

Résumé. Les terres de parcours des Hauts Plateaux de I'Oriental constituent un appoint important a I'ali-
mentation du cheptel ovins et caprins. L’estimation de la production fourragere de ces terres de parcours est
utile pour les gestionnaires des espaces pastoraux. L'objectif de cette étude est de tester plusieurs indices de
végétation issus de la télédétection pour proposer l'indice le plus approprié pour 'estimation de la phytomasse
des terres de parcours. Dans cette étude, nous avons utilisé les données collectées sur le terrain en Avril 2018
dans la région Orientale du Maroc et huit indices de végétation (ARVI, DVI, IPVI, MSAVI, NDVI, RVI, SAVI et
TSAVI) issus de trois images satellites Sentinel-2 prises en Avril 2018. Des corrélations entre la phytomasse
mesurée et chacun de ces indices de végétation ont été analysées pour identifier le meilleur estimateur de la
biomasse a partir des données de télédétection. Les résultats obtenus ont montré que la phytomasse des par-
cours varie entre 0,02 et 4,71 tonnes, avec une moyenne de 0,84 tonne par hectare dans les sites étudiés.
Les indices de végétation fortement corrélés avec la phytomasse sont ARVI, IPVI, NDVI, RVI et SAVI. Les mo-
deles polynomiaux sont mieux que les modéles linéaires. Le meilleur modele d’estimation de la phytomasse
est le RVI suivi du NDVI avec un coefficient de détermination, RZY de 0,84 et 0,82, respectivement.

Mots-clés. Biomasse — Indice de végétation — Paturage — Télédétection — Maroc Oriental.

| — Introduction

In Morocco, rangelands occupy 75% of the country’s territory (Mahyou et al., 2018). The accurate
estimation of forage production of Moroccan rangelands and the monitoring of its spatio-temporal
variation are important for the management of pastoral resources. However, the phytomass esti-
mation using field measurements is costly and time-consuming, especially in these large regions
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where productivity per unit area is generally low and highly variable. The use of remote sensing
has become the most effective approach for phytomass estimation (Barrachina et al., 2015, Diouf
et al., 2015). Vegetation indices, calculated from remotely sensed reflectance, reflect the photo-
synthetic activity of the vegetation and are increasingly used to monitor rangeland productivity (Gao
et al., 2013). Indeed, the combination of remote sensing and field measurements makes it possi-
ble to estimate the phytomass and to provide decision-makers with information that can guide them
in the management of natural resources. In this work, we aim to estimate the phytomass of range-
lands in the highlands of eastern Morocco, by combining satellite data and field measurements.
We will analyze the possibility of statistically linking the vegetation indices to phytomass measured
during the growing season.

Il — Materials and methods

The study area is located in the highlands of Eastern Morocco (34 ° 22 ‘12/33° 524 Nand 1 ° 42
‘36° /02 ° 31’ 12 “ W), and covers the total area of about 1 000 km?. The annual average rainfall
is low and irregular, about 180 mm. The average maximum air temperature is high and varies
around 42.5 °C in summer, and the minimum can reach -4 °C in winter. In summer, hot and dry
winds from the east and south are frequent and lead to strong sandstorms. The vegetation is com-
posed of Stipa tenacissima, Thymus sp, Noaea mucronata, Stipa parviflora and Lygeum spartum;
degraded steppes based on Peganum harmala or / and Anabasis aphylla, and steppes based on
Stipa tenacissima, Artemisia herba-alba and / or annuals (Schismus barbatus) in mosaic with Stipa
parviflora, Atractilis serratuloides and Helianthemum spp (Mahyou et al., 2016).

Grazing intensity (ratio between actual animal charge and carrying capacity of rangeland) is su-
perior to 4, indicating an overexploitation of this pasture areas.

Table 1. Description of studied vegetation indices

Index Formula Name Reference
NDVI p— (PIR — R) Normalized Difference (Rouse and Haas (1973);
" (PIR + R) Vegetation Index Tucker (1979)
RVI R = R Ratio Vegetation Index Krieger et al. (1969);
~ PIR Jordan (1969)
DVI DVI=PIR- R Difference Vegetation Tucker (1979)
Index
_ (PIR—R) Soil Adjusted Vegetation Huete (1985)
SAVI SAVI = PR+ R+ D) Index
- (PIR — R) Modified Soil Adjusted Qi et al. (1994)
MSAVI MSAVI = (1 + L)+ (PIR + R + L) Vegetation Index
ax(PIR-a*R-b) Transformed Soil Adjusted Baret et al. (1989)
TSAVI TSAVI = (R + a+=PIR- axb) Vegetation Index
ARVI ARVI = (PIR — RB) Atmospherically Resistant Kaufman and Tanre
~ (PIR + RB) Vegetation index (1992)
VI = NIR Infrared Percentage Crippen (1990)
" (PIR +R) Vegetation Index
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Field data collection was carried out during April 2018. A total of 37 sampling sites were selected
to measure phytomass of perennial and annual vegetation. Data were collected from three 25 m2
quadrats within each sampling site and averaged over the quadrats to estimate the site’s phytomass.
The method used to measure vegetation phytomass depends on the type of plant formation: for
perennial vegetation, the measurements were based on the method of the reference unit (UR)
(Kirmse & Norton 1985). For herbaceous plants, the plants within a 1 m2 quadrat was clipped at
ground level and weighed. In the laboratory, all clipped phytomass were dried at 75 °C for 48 h be-
fore being weighed. Three Sentinel-2A images, with a spatial resolution of 10 m were used. These
images were acquired in April. Blue, red and near-infrared spectral reflectance values were selected
to calculate vegetation indices (Table 1). The vegetation indices values of the pixels of each of the
37 study sites were calculated and integrated in the statistical model described hereafter.

Linear and polynomial regressions were applied to examine the relationship between vegetation
indices and the phytomass. The accuracy of the phytomass estimation models was evaluated
based on two statistical indices: the coefficient of determination (R2) and the root mean squared
error (RMSE).

Table 2. Statistical models of phytomass estimation

Indices Model R2 RMSE
ARVI Linear 0.79 0.53
Polynomial 0.81 0.50
DVI Linear 0.31 0.94
Polynomial 0.37 0.91
IPVI Linear 0.79 0.52
Polynomial 0.82 0.48
MSAVI Linear 0.05 1.1
Polynomial 0.53 0.79
NDVI Linear 0.80 0.50
Polynomial 0.82 0.49
RVI linear 0.81 0.49
Polynomial 0.84 0.47
SAVI Linear 0.70 0.63
Polynomial 0.80 0.51
TSAVI Linear 0.69 0.63
Polynomial 0.73 0.60

Ill — Results and discussion

The average phytomass of the studied sites was 0.84 T / ha, with a minimum of 0.02 T/ ha and a
maximum of 4.71 T / ha with a very significant variation. In fact, Among the 37 sampled sites, 22
were dominated by species indicator of degradation. The other sites are sites with weak degrada-
tion or in good condition represented by Artemisia herba alba, Stipa parviflora or Stipa tenacissima.
The linear and polynomial regression models of phytomass as a function of vegetation indices were
compared. The coefficient of determination (R2) and the root mean squared error (RMSE) are pre-
sented for each model in Table 2. The result presented in this table showed that the polynomial model
is globally more accurate than the simple linear regression, for all vegetation indices due to the sat-
uration of most of the vegetation index with high phytomass production. For all studied sites, the RVI
is the best polynomial model for estimating rangeland phytomass compared to other indices (R? =
0.84). However, it did not differ significantly from the NDVI, IPVI, ARVI or SAVI models. Indeed, the
four indices were significantly correlated with phytomass in the case of the polynomial model with
R2 equal to 0.82; 0.82; 0.81 and 0.80 respectively for NDVI, IPVI, ARVI and SAVI. It should be noted
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that the SAVI index did not bring any improvement over the NDVI for linear and polynomial mod-
els. The RMSE results for the different vegetation indices and the two regression models for phy-
tomass differ from one index to another. However, the different regression models remain globally
inaccurate with RMSE that vary between 0.48 and 1.1. This confirms the inaccuracy noted by
Mahyou et al. (2018) on these empirical relationships. This is due to the fact that the state of range-
land degradation affects the relationships between these remotely sensed indices and rangeland
phytomasse. RVI, in particular, showed a much better performance with RMSE value of 0.47. NDVI
and ARVI indices appeared also as the best predictors of phytomass in our study area, compared
to the other studied vegetation indices. They actually improved the accuracy of the phytomass es-
timate. However, and as shown in many studies, accurate estimation of phytomass using remote
sensing data remains problematic in arid and semi-arid rangelands due to low vegetation cover and
mixing of green and dead leaves of Stipa tenacissima (Mahyou et al., 2018).

IV — Conclusions

In this study, RVI, IPVI, NDVI and ARVI indices appeared to be the best predictors of phytomass
in our study area. The polynomial model of the RVI index could explain 84% of the variation of the
phytomass. However, accurate estimation of phytomass using remote sensing data remains prob-
lematic in arid and semi-arid rangelands due to low vegetation cover and mixing of green and dead
leaves. The indices used for the estimation of phytomass in arid and semi-arid rangelands are
strongly influenced by the state of degradation of rangelands and dry and / or senescent leaves,
especially in case of the alfa steppes. Therefore, the spectral signals of soil and alfa steppes and
their variations must be taken into account when estimating phytomass using remote sensing data
in arid and semi-arid rangelands.

References

Mahyou H, Tychon B, Lang M, Balaghi, R, 2018. Phytomass estimation using eMODIS NDVI and ground
data in arid rangelands of Morocco. African Journal of Range & Forage Science 35, 1-12.

Barrachina M, Cristébal J, Tulla AF, 2015. Estimating above-ground biomass on mountain meadows and pas-
tures through remote sensing. International Journal of Applied Earth Observation and Geoinformation 38,
184-192.

Bechchari A, El Aich A, Mahyou H, Baghdad M, Bendaou M, 2014. Analyse de I'évolution du systéme pas-
toral du Maroc oriental Revue d’élevage et de médecine vétérinaire des pays tropicaux, 67 (4): 151-162.

Diouf AA, Brandt M, Verger A, El Jarroudi M, Djaby B, Fensholt R, Ndione JA, Tychon B, 2015. Fodder
biomass monitoring in Sahelian rangelands using phenological metrics from FAPAR time series. Remote
Sensing 7, 9122-9148.

Rouse JW, Haas RH, Schell JA, Deering DW, 1973. Monitoring Vegetation Systems in the Great Plains with
ERTS. In Proceedings of the Third Earth Resources Technology Satellite-1 Symposium, Washington, DC,
USA, 10-14 December; 309-317.

Huete AR, 1988. A soil adjusted vegetation index (SAVI). Remote Sensing of Environment 25, 295-309.

Baret F, Guyot G, Major D, 1989. TSAVI: A vegetation index which minimizes soil brightness effects on LAI
and APAR estimation 3. 1355-1358. 10.1109/IGARSS.1989.576128.

Kaufman JY, Tanre D, 1992. Atmospherically resistant vegetation index (ARVI) for EOS-MODIS. Geoscience
and Remote Sensing, IEEE Transactions 30, 261-270.

Jordan CF, 1969. Derivation of leaf area index from quality measurements of light on the forest floor. In Ecol-
ogy 50, 663-666.

Mahyou H, Tychon B, Balaghi R, Louhaichi M, Mimouni J, 2016. A knowledge-based approach for mapping
land degradation in the arid rangelands of North Africa. Land Degradation and Development 27, 1574-1585.

Kirmse RD, Norton BE, 1985. Comparison of the reference unit method and dimension analysis methods for
two large shrubby species in the caatinga woodlands. Journal of Range Management 38 (5): 425-428.

Tucker CJ, 1979. Red and photographic infrared linear combinations for monitoring vegetation. Remote Sens-
ing of the Environment 8, 127-150.

192 Options Méditerranéennes, A, no. 125, 2021



Ameliorating soil acidity improves the resilience
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Abstract. In an experiment beginning in 1999 and ending in 2008 conducted on soil with low pH and high lev-
els of AIP*, high levels of applied phosphorus (P, 250 kg superphosphate ha™! yr'') in a treatment with no lime
and a low sheep stocking rate led to high subterranean clover production for the first four years (1999 to 2002).
However, clover productivity in this treatment subsequently declined to low levels and did not recover, during
increasingly dry seasons of the drought that afflicted south-eastern Australia in the first decade of this Century.
Conversely where high P levels were combined with lime, clover content and sward total productivity was high-
er and remained more stable over the longer term (up to experiment termination in 2008) under the same sea-
sonal conditions. This was associated with lower soil A** levels and higher pH¢, after liming. At the low P
application rates (125 kg superphosphate ha™! every 2-3 years) subterranean clover productivity was con-
strained although the addition of lime had helped to improve total sward production by the end of the trial.

Keywords. Subterranean clover — Grazing pressure — Legume nutrition — Soil amelioration — Acid soils.

Une meilleure acidité du sol augmente la résilience de production des paturages soumis a une séche-
resse prolongée

Résumé. Une expérimentation débutée en 1999 et terminée en 2008 a été conduite sur des sols a pH bas
avec des teneurs élevées en APP*. De fortes concentrations en phosphore ont été appliquées (P, 250 kg de su-
perphosphate ha'.an"") dans un traitement sans chaux et avec un faible taux de chargement en moutons. Ainsi
une forte production de trefle souterrain a été constatée pendant les quatre premieres années (1999 a 2002).
Cependant, la productivité du trefle dans ce traitement a par la suite diminué a de faibles niveaux et ne s’est
pas rétablie au cours des saisons qui étaient de plus en plus séches, notamment avec la sécheresse qui a
frappé le sud-est de I'’Australie durant la premiere décennie de ce siecle. A l'inverse, lorsque des teneurs éle-
vées en P étaient combinées a de la chaux, la quantité de trefle et la productivité totale des péaturages étaient
plus élevées et restaient plus stables a long terme (jusqu’a la fin des expériences en 2008) dans ces mémes
conditions saisonniéres. Ceci a été associé a des niveaux plus faibles en Al** dans le sol et a un PH, plus
élevé aprés le chaulage. A de faibles doses d’application de P (125 kg de superphosphate ha' tous les 2-3
ans), la productivité du trefle souterrain a été limitée, bien que I'ajout de chaux ait contribué a améliorer la pro-
duction totale des péturages a la fin de I'essai.

Mots-clés. Trefle souterrain — Pression pastorale — Nutrition des légumineuses — Amélioration des sols —
Sols acides.

| — Introduction

Animal production from grazed permanent pastures is a reasonably sustainable form of agriculture
on many fragile, non-arable soils. Legume productivity is crucial to most of these pastures as nitrogen
(N) fixation is their primary source of N as well as providing high quality forage. Sufficient phosphorus
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(P) is pivotal to maintaining legume productivity although issues of P use efficiency and methods
of determining appropriate P levels remain. Moreover, the build-up of organic matter in these pas-
tures can acidify soils, as can the removal of alkalinity with agricultural production. Soil acidity con-
strains pasture productivity limiting production from grazing animals. Throughout Australia it is es-
timated that there are 50 M ha with a soil pH, <5.5 and associated increase in soil aluminium (AR,
Many of t