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Foreword

Thirty-five years ago, in the conclusions of a meeting on mountain pastures and Mediterranean ran-
gelands held in Clermont-Ferrand, Robert Jarrige pointed out that the utilisation of these forage
resources went beyond agricultural production and addressed biological issues related to conser-
vation of the natural environment and biodiversity as well as socio-economic and cultural issues
related to rural and territorial development. Nowadays, these issues and the questions they pose
to research are even more important in a context of climate change and economic globalisation!

In constrained environments such as mountainous and Mediterranean areas the sustainable use
of forage resources by domestic herbivores has to combine production, conservation of high
environmental value areas and product quality. The sustainability of animal production systems
relies on their ability to reconcile economic performance based on the added value of high qual-
ity animal products and ecological performance based on the implementation of management
practices relying on agro-ecological principles and allowing compensatory payments for the pro-
duction of public goods.

This publication is the outcome of a joint meeting of the “Mountain Pastures, Mediterranean Forage
Resources (FAO/ESCORENA - CIHEAM) and Mountain Cheese” networks entitled “Forage resour-
ces and ecosystem services provided by mountain and Mediterranean grasslands and
rangelands” which was organized in Clermont-Ferrand (France) from 24 to 26 June 2014. This
multidisciplinary meeting aimed at sharing/contrasting viewpoints, methods and results of spe-
cialised scientists working on grassland and rangeland assessment and use. In a context of cli-
mate change and environmental concerns, livestock farming systems in Mediterranean and moun-
tain areas share issues common to harsh environments, which can be dealt with by using simi-
lar theoretical and methodological frameworks. Cultivated or spontaneous vegetation, herba-
ceous or ligneous species, all forage resources should be considered together, as complemen-
tary items contributing to the multiple performances of livestock systems.

The meeting was jointly organized by the INRA Research Units on Herbivores and Grassland
Ecosystems, the Agronomic Engineering Schools of VetAgro Sup Clermont-Ferrand and Montpe-
llier SupAgro, the Mediterranean Agronomic Institute of Zaragoza/International Centre for Medite-
rranean Advanced Agronomic Studies (IAMZ-CIHEAM) and the coordinators of the FAO-CIHEAM
Network and sub-Networks on Pasture and Fodder Crops. The meeting covered a large range of
topics related to forage production, ecosystem services, biodiversity, use of forage resources by
livestock, and quality of milk, cheese and meat. Special attention was paid to agro-ecological
approaches. The spatial scales ranged from plant-animal interactions to paddock, herd, livestock
farming systems and landscape. The contributions to the meeting were allocated to three plena-
ry sessions:

1. “Forage services for animal production and product quality”
A. “Forage production and quality”
B. “Forage utilisation, animal performances and products”
2. “Ecosystem services, prevention of risks”
3. “Combining and reconciling services on farming system and landscape scales”,

complemented by three parallel workshops on future challenges and perspectives for research,
introduced by a contribution on agro-ecology and herbivore farming systems.
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More than 140 scientific contributions were presented and discussed including introductory and
invited papers, short oral communications and posters. The contributions were presented by spe-
cialists from 22 different countries of mountain and Mediterranean areas all over the world (Europe,
Africa, South-America, Oceania and Asia).

We warmly thank all authors for submitting the invited and offered papers, the members of the
International Scientific Committee and the reviewers who carried out the revision of the contri-
butions, the chairpersons of the scientific sessions and all members of the Local Organizing
Committee for preparing this conference. Finally, we express our gratitude to the Mediterranean
Agronomic Institute of Zaragoza (CIHEAM — IAMZ, Spain) for its support in the proceedings pub-
lication and grants, VetAgro Sup, Montpellier SupAgro, the INRA research centre of Clermont-
Ferrand — Theix — Lyon, the INRA experimental units of Monts d’Auvergne and of La Fage, the
INRA Division on Animal Physiology and Livestock Systems, the ‘Conseil Régional d’Auvergne’,
the ‘Conseils Géneraux du Puy-de-Dome et du Cantal’ and the town of Clermont-Ferrand for their
logistic and financial support.

The editors of this publication:

René Baumont Antonio Lépez-Francos
Pascal Carrére Bruno Martin

Magali Jouven Alain Peeters
Giampiero Lombardi Claudio Porqueddu
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Supporting HNV extensive livestock systems in
Mountain and Mediterranean areas — The need
for an adapted European Policy

G. Beaufoy’* and X. Poux'2

"European Forum on Nature Conservation and Pastoralism
2Applications des Sciences de I'Action, Asia, 8 rue Legouvé, 75010 Paris (France)
*e-mail: guy@efncp.org

Abstract. Extensive livestock systems in Mediterranean and mountainous areas of the European Union are fac-
ing many challenges. The majority of these livestock systems are of high nature value and their subsequent
decline has many social, economic and environmental consequences. European policies are contradictory on
this issue: on the one hand, pieces of environmental and rural development policies acknowledge the irre-
placeable role of livestock systems; on the other hand, influential elements of agricultural and hygiene policies
cause further problems for extensive livestock graziers and small-scale processors of livestock products. Policy
responses to the problems faced by extensive livestock systems vary from one member state to another. The
wide range of such answers is explained by different institutional arrangements between farmers, administra-
tions and researchers. The paper argues that the present European policy framework is not satisfactory as long
as it globally creates more problems than solutions, and that the solutions are only mobilized and efficient in the
presence of strong local political commitment. Considering the importance of extensive livestock systems in
Mediterranean and mountainous areas at EU level as a whole, it is crucial to set a cohesive policy framework
favourable to their conservation at this level, going against the present policy trends. In this paper we have not
limited ourselves strictly to Mediterranean regions, but refer broadly to southern member states of the EU,
including Bulgaria and Croatia, and candidate member states such as Macedonia and Montenegro.

Keywords. Extensive livestock — Grazing — Semi-natural pastures — High Nature Value farming — European
policy.

Soutenir les systémes d’élevage extensifs dans les zones montagneuses et méditerranéennes de
I’'Union Européenne : les enjeux d’une politique européenne adaptée

Résumeé. Les systemes d’élevage extensifs des zones montagneuses et méditerranéennes sont confrontés
a de nombreuses difficultés. Le déclin qui en résulte a de nombreux impacts sociaux, économiques et envi-
ronnementaux dans la mesure ou la plupart de ces systémes ont une haute valeur naturelle. Par rapport &
cet enjeu, les politiques européennes sont contradictoires : d’un cété certain aspects des politiques environ-
nementales et de développement rural reconnaissent le réle irremplacable de ces systéemes ; d’'un autre cé6té
de nombreux éléments des politiques agricoles et sanitaires, dont le poids est déterminant, causent de sé-
rieux problemes aux éleveurs extensifs. Au total, la gamme des réponses politiques apportées pour faire face
aux enjeux associés a ces élevages varie fortement d’un Etat membre a l'autre, en fonction des différentes
fagons de construire les relations entre éleveurs, administrations et chercheurs. L’article montre que le cadre
politique européen crée plus de problemes qu’il n’offre de solutions, celles-ci n’étant effectives qu’au prix d’un
fort investissement politique local. Au regard de I'importance des enjeux associés a la conservation des sys-
temes d’élevage extensifs des zones montagneuses et méditerranéennes a I'échelle de I'Europe, il est cru-
cial d’avoir un cadre politique commun ambitieux a cette échelle, qui prenne le contrepied des tendances
politiques actuelles. Les zones couvertes dans cet article dépassent les seules zones méditerranéennes et
incluent I'ensemble des Etats Membres du sud de I'Europe, y compris la Bulgarie, la Croatie ainsi que les
pays candidats comme la Macédoine et le Monténégro.

Mots-clés. Elevage extensif — Paturages semi-naturels — Agriculture & haute valeur naturelle — Politique
européenne.
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| — Introduction: HNV extensive livestock systems in Mountain and
Mediterranean areas and their functions

High nature value farming (HNV) is a concept introduced in the early 1990’s (Baldock et al., 1993;

Beaufoy et al., 1994). It captures two ideas:

(i) conservation of biodiversity-rich farmed landscapes depends on the continuation of the

(ii)

farming systems that manage them for socio-economic reasons (and not primarily nature
conservation reasons — HNV farmers are not “gardeners”); “nature” value goes beyond
biodiversity, the term also captures other environmental goods or ecosystem services;

the economy of HNV farms is, in the modern European context, frequently not sustain-
able without remuneration of environmental services and there is a need for policy sup-
ports to centrally address this issue in order to pursue the objective of ecosystem con-
servation of biodiversity at a large scale, notably in open landscapes.

HNV farming has since then been a core reference for assessing biodiversity conservation in re-
lation to agricultural development (Oppermann et al., 2012). Two fields of work stem from this
concept: a first category tends to describe and understand the complex relationship between
farming systems and biodiversity at a landscape level; a second one focuses on socio-econom-
ic and policy issues. This paper falls in this second category. Perhaps surprisingly the socio-eco-
nomic aspects of HNV farming have received little attention from researchers to-date, especially

in Mediterranean regions.

Further works have shown the importance of Mediterranean areas and mountain areas for the
issue of HNV farmland on which the present paper focuses (Fig. 1; EEA, 2012). At a more spe-
cific level, the bulk of HNV farmland and landscapes in these areas is linked with extensive live-

stock systems.

HNV FARMLAND 2006

Likelohood of HNV 2006 farmland presence
Version 3

HNV 2006 (11 km)
VALUE

[ 0-Very low (0-5%)
1 1-Low(6-25 %)
1 2-Medium (26-50%)
B 3 - High (51-75 %) ™
B 4 - Very high (76-100%)

Fig. 1. Likelihood of HNV 2006 presence in Europe (1 km grid) (EEA, 2012).
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These extensive grazing systems include those based on the use of permanent pastures, espe-
cially in upland and mountain areas; and systems using mixed forage resources, such as arable
stubbles, fallows and permanent pastures, especially in the plains. A smaller area of HNV farm-
ing in Mediterranean regions consists of permanent crops (e.g. olives, almonds) and arable crops
under traditional low-intensity farming systems.

Extensive grazing systems across southern Europe share a number of characteristics, including:

— Use of large-scale permanent pastures, generally of low productivity, often with a mix of
herbaceous and non-herbaceous forage.

— Large areas of pasture are predominantly ligneous.

— High seasonality of pastures, and associated seasonal movements of livestock.

— Highly variable annual yield of pastures.

— Absence of fencing and importance of shepherding (a very significant cost).

— High presence of common land.

— Large variations in holding size — some very large, many very small (part-time employment).
— High presence of sheep and goats relative to bovines, including dairy sheep and goats.

— In dairy systems, importance of on-farm and other small-scale processing and value- added.

This combination of characteristics creates very particular farming and environmental conditions
that generally are not shared by mainstream agriculture in the EU, and that consequently are not
recognised in the design of EU policies. And yet in many regions of southern Europe these exten-
sive grazing systems represent a large proportion and even the majority of all farmland.

From a European perspective, the broad image of these livestock areas is their low productivity
and marginal role in EU agricultural and livestock economy. Their designation as Areas facing
Natural Constraints (previously Less Favoured Areas) puts them at the margin of the core of pro-
ductive farming, this core being located in the “favoured” areas of the European lowlands. We find
it significant that DG agriculture webpage on milk and milk products’ does not mention ewe and
goat milk, which accounts indeed for less than 4% of the overall milk production in Europe when
looking in more detailed publications (Eurostat, 2013). This marginality will also concern the meat
sector, in which sheep meat represents 2% of the overall EU28 production and goat meat 0.1%.
In contrast, sheep and goat are by far the main type of livestock in Mediterranean HNV areas, with
these areas representing more than 50% of this sector at EU level (Pflimlin, 2013).

While being marginal from a sector perspective, HNV farmers in the Mediterranean and mountai-
nous areas are true economic agents, able to produce with a minimum level of inputs and a ma-
ximum use of natural resources, making them agro-ecological farmers (Dumont et al., 2012). In
addition, the quality of the product is frequently valued under quality labels (PDO), notably in EU15
member states (Pflimlin et al., 2005), although it cannot be assumed that PDO products are from
HNYV farming systems.

Beyond their micro-economic and sectorial dimension, such systems render many irreplaceable
environmental services in addition to their interest for biodiversity: fire prevention, landscape
management —with value for tourism for example— cultural life and, more generally, rural vitality
(Pflimlin and Poux, 2005). We find here the multifunctionality of those systems (Andersen et al.,
2004), which can be another way of naming environmental services or the provision of public
goods (Cooper et al., 2009).

1 http://ec.europa.eu/agriculture/milk/index_en.htm
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This tension between the many good reasons to conserve HNV farming systems on the one hand
and their overall economic marginality on the other hand is the problematic addressed in this paper.
While public policy is recognized as the way to cover the “market failure”, this market being unable
to reward the (HNV) farming systems at the level of their public interest, there is a need to better
understand what are the policy needs and to assess the current policy supply in the present
Common Agricultural Policy (CAP) against these needs. Thus, the paper is organised as follows:

— A first section analyses the different contexts associated with HNV livestock systems in
Mediterranean and Mountainous areas; its goal is to identify the different policy needs aris-
ing from those different situations;

— A second section briefly describes the different policy instruments available and analyses
how they generally —but not always— do not meet the needs and might even worsen the sit-
uation in some cases;

— The last and concluding section sets out why the current approach at EU level is not sat-
isfactory and calls for a clear and consistent European policy.

Il - Understanding the different contexts and threats
on HNV systems

Extensive HNV livestock systems have one major asset, which is their low costs, as measured
in terms of bought inputs. Meanwhile, the management of complex and highly variable agro-
ecosystems requires a large amount of work relative to the amount of meat or milk produced,
when compared with lowland systems. On this basis, the economic sustainability of HNV farm-
ing systems stands on two fundamental conditions: access to land and access to markets.

— Access to land is the first condition. This access needs to be at low cost —or even free of
charge— in order to keep a relative advantage. This explains the relatively high share of
common land in those farming systems. But other factors are attached to land access and
management, such as the technical consistency of pastoral units, that need to be large
enough and not scattered and equipped with basic infrastructure (shelter, water points,
fences...). Diversity of land types accessible across the year, with seasonal productivity
also a key factor to consider. These factors explain the great variety of situations across
Europe, from favourable cases where productive and well-structured pastoral units are
accessible to farmers (e.g. in pastoral humid mountains) to “difficult” land, poorly produc-
tive and/or with low security of tenure from the farmer perspective.

— Access to markets also needs a series of conditions of different kinds. Extensive farming
systems have to deal with two major issues: presence of abattoirs, milk collection points,
dairies able to connect with consumption basins on the one hand; or alternatively the option
to undertake on-farm processing and direct marketing, an option fraught with difficulties in
many countries of southern Europe due to inflexible implementation of hygiene regulations
(e.g. in Bulgaria, Spain, Macedonia as presented at a EFNCP seminar in 2013 http://see.
efncp.org/networking/events/2013/20131002/). The two factors are clearly reinforcing one
another in a negative feedback, while the costs of compliance with regulations might lead
to closing abattoirs and dairies. Thus the remoteness and marginality of these areas is
compounded by the failure of policy (in some cases EU policy, in some cases national pol-
icy) to adapt to their needs and values.

HNV farms generally have lower net incomes than non-HNV farms, and often have negative net
incomes, sometimes even with CAP support included in the calculation. In such cases, farms are
sustained by family farm labour that is valued below the minimum wage. As farms try to maintain
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economic viability, certain practices of environmental value tend to be abandoned, especially tho-
se that are labour intensive. Examples include shepherding of livestock to remote pastures, hay
making and the maintenance of dry-stone walls and hedges.

Thus a third condition can be added, being the need for public payments in order to compensate
the low physical productivity of such farming systems2. Assessing the role of these payments is
a complex issue, as it plays in contradictory directions depending on the contexts. Such pay-
ments can sustain the economic viability of farming systems, but on the other hand it has been
acknowledged that the conditions attached to payments can cause problems for extensive HNV
farmers. CAP conditions on land eligibility and cross-compliance are unfitted to the complex land-
scapes managed and cause administrative constraints that farmers tend to escape by abandon-
ing the most difficult land —if not the activity itself— while intensifying on the most favourable, with
negative impacts on biodiversity in both cases. Cross-compliance, including animal identification
requirements conceived for industrial systems, is another difficult issue to deal with for a large
share of traditional livestock farmers.

These local and regional constraints faced by HNV farmers in their different contexts need to be
put in a wider economic picture. Generally speaking HNV farmers compete on a market organ-
ised at a European level, in which they are quantitatively marginal, as evoked above. This com-
petition is uneven in terms of physical productivity, while the organoleptic and nutritional quality
of the products obtained from HNV pastures is not recognised, for example lower needs of treat-
ment due to fodder rich in tannin (Zimmer and Cordesse, 1996). The niche and local markets
cannot be considered as a general option. And assuming that the price for some HNV products
is higher —which is not the case in general- the prices of local products tend to converge with
mass products that are the reference (e.g. Frayssignes, 2007). As a whole, the hygiene rules and
the main research agenda are set in reference to the dominant lowland industrial livestock sys-
tems, but are largely unsuited to HNV systems.

As a whole, HNV systems struggle with a dominant market by addressing the specific constraint
they meet on the two issues of land and market access. The solutions needed to address them
are local and regional and require a strong coordination and political commitment, while the
opportunity and threats at the global and European level are generally headwinds, both from an
economic and policy perspective. But despite the fact that some success stories take place
across Europe and are brought forward, the capacity to address the problem at a local level is
not the general rule and depends on the local context, taking into account the combination of rel-
atively favourable conditions in the biophysical, institutional and socio-economic context. On the
contrary, most of the national and local authorities in member states tend to promote farming sys-
tems based on standard processes rather than on complex management of low-productivity land,
that do not require a lot of administrative input for what is perceived as a low return.

lll - Policy needs and the range of policy supply:
global problems, some local solutions

There is a range of EU policies affecting extensive livestock farming in Mediterranean and moun-
tain areas, including most notably the CAP (Pillars 1 and 2); biodiversity policy; and, less directly,
climate policy. Biodiversity policies set EU objectives whose achievement in some cases depends
directly on the sustainable continuation of these farming systems across large expanses of land.

2 However, one should keep in mind that such public payments are also a condition for intensive farming sys-
tems, in order to cover their high structural costs. Intensive farming systems in Europe indeed receives more
public payments than extensive ones, those payments re-enforcing the structural costs through a rent effect
for suppliers (the higher the payment for a farmer, the higher the land rent and the costs of production factors).
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For example, Targets 1 and 2 of the EU Biodiversity Strategy require the conservation and restora-
tion of semi-natural pastoral habitats and of their ecosystem services. Unfortunately the EU’s envi-
ronmental policy does not offer mechanisms or financial resources for pursuing these objectives
(except on a very limited “pilot” basis through the LIFE funds), and is entirely dependent on the
CAP for this, as reflected in Target 3 of the Biodiversity Strategy that aims to increase the use of
CAP measures for promoting biodiversity.

The CAP is indeed the main policy driver of farming land use in the EU. However, this policy cur-
rently does not take account of most of the local realities faced by HNV farming systems as
described above, and this failure is especially apparent in the case of livestock farming systems
characteristic of the Mediterranean regions. The roles of Pillars 1 and 2 of the CAP are discussed
in more detail below.

Policy design should be based on facts, thus requiring sufficient data and data analysis. In order
for policies to take account of extensive grazing systems there is a need for basic information
about the extent of these systems, with categorisation into different types according to key char-
acteristics, and about the tendencies affecting these systems. There is a chronic lack of such
data at EU level and in many member states. Even basic data on the extent of pastures that are
in grazing use are extremely opaque in many countries, with different sources sometimes show-
ing very different statistics. This situation applies to the more extensive types of pasture and
especially those with a significant ligneous component, and also especially in the case of com-
mon lands. Examples of Mediterranean countries with very unclear data on the extent of pastures
in actual use include Albania, Croatia, Greece and Spain (see country chapters in Oppermann et
al., 2012). In Spain, different statistical sources show a total pasture extent of between 8.5 and
18.5 million hectares. The largest extent is shown by LPIS (Land Parcel Identification System),
with notable declines taking place from 2005 (18.958 million ha) to 2013 (18.623 million ha).

Even where the extent of different pasture types may be recorded with reasonable accuracy,
there remains the problem of knowing whether these pastures are in use or have been aban-
doned, perhaps for several years. Land-cover data sets such as Corine, for example, provide no
indication of whether pasture is in use. The CAP, through its LPIS and IACS (Integrated Adminis-
tration and Control System) data systems, has the potential to resolve this, but the tendency of
policy is in the opposite direction: to stop recording data such as animal numbers on individual
holdings as this is seen as “production linked”. As policy makers shift their thinking away from
production support, they need to build a new data and administrative control system that records
land management actions that are central to ecosystem services, such as grazing and mowing,
and not merely land cover types.

Data on tendencies in the farming systems that use semi-natural grazing lands is also very weak.
Target 2 of the EU Biodiversity Strategy is of little use without adequate data and monitoring of
ecosystems and their services, including such grazing lands, because we will never know if the
target has been achieved without such data. Reporting on the condition of pastoral habitats under
Article 17 of the habitats Directive is especially weak from Mediterranean member states (Olmeda
et al., 2013). Oppermann et al. (2012) draw attention to signs of significant abandonment of semi-
natural pastures in Mediterranean countries such as Albania, Croatia, Macedonia, Montenegro
and Spain. But for efficient policy making more concrete data on such trends is required.

CAP Pillar 1

The main policy driving farming patterns in the EU is Pillar 1 of the CAP. This provides income sup-
port to farmers, according to a range of rules and conditions (eligibility rules, cross-compliance,
new “greening” requirements). Mediterranean extensive grazing systems depend to a large extent
on Pillar 1 payments for their survival, and yet the payment system is in many ways biased against
these systems. Hence under current policy scenarios, these systems are unlikely to survive.
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The main issues are as follows:

— The setting of Pillar 1 income payments bears no relation either to the economic situation
(profitability) of the farming system, nor the public goods generated by the system. Generally
the least profitable systems producing the most public goods receive the lowest payments,
at least in most EU15 member states.

— The “historical” model of Pillar 1 payments is predominant in Mediterranean member states
(all of the Mediterranean EU15). Under this model extensive sheep and goat systems
receive the lowest support of all the main farming types covered by Pillar 1.

— Eligibility rules are biased against pastures with a high presence of ligneous forage and of
landscape features.

— Some member states directly exclude large areas of extensive pastures from eligibility
(Bulgaria from 2007, Spain from 2015).

— Cross-compliance rules place a significant burden on extensive grazing systems (e.g. live-
stock identification requirements, Natura 2000 limitations on grazing).

Although the policy objective of Pilar 1 is to support farm incomes, it takes no account of the very
different economic situations of farms and farming systems. Payment levels vary massively, for
essentially historical and political reasons, but not with any rational relationship to the economic
needs of farmers, nor to the public goods they deliver. Despite the obvious needs, for decades
HNV farms have tended to receive lower levels of support from the CAP than non-HNV farms,
especially from Pillar 1. These facts are shown by EU studies (EEA, 2010).

The broad debates on CAP reform have highlighted the differences between average Pillar 1
support payments in EU12 and EU15. However, this simplistic and largely political debate tends
to conceal the fact that huge differences occur within the EU15, and also within individual EU15
countries and regions.

In the Mediterranean EU15 member states, the current Single Payment System (SPS) is distrib-
uted on the “historical” basis, with extremely high levels of support going to farmers who pro-
duced (in reference years) certain intensively-farmed crops such as tobacco, tomatoes, irrigated
olives, maize and rice. Farmers raising sheep and goats on low-yielding pastures receive a very
small payment per hectare, even compared with farmers raising beef cattle. In fact a Romanian
or Bulgarian sheep farmer using permanent pastures is eligible for a considerably higher pay-
ment per hectare from Pillar 1 (approximately three times higher) than the equivalent sheep
farmer in Spain or Portugal.

The reformed CAP may not look very different from this point of view. In Spain for example politi-
cians and farmers’ organisations are determined to prevent any significant redistribution of Pillar
1 funds. In France there has been a greater recognition of extensive livestock systems for sev-
eral years and what is discussed is the modality of the redistribution of Pillar 1, keeping in mind
the bonus on a holding’s first hectares adopted in France. However, the income needs of exten-
sive livestock farmers still are not fully addressed.

So the bulk of the CAP does not take account of (or reward) environmental services, nor the very
real income and social problems of particular farming types that provide a majority of these serv-
ices. Complementary measures have been available at various times, past and present, such as
payments for “extensive” beef cattle (but not sheep or goats) and more recently the Article 69 and
68 options for redirecting a small percentage of Pillar 1 funds to certain farming systems. The lat-
ter have been used in several countries (France, Portugal, Spain) for supporting sheep and goat
systems.
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In fact many of the decisions that cause problems or that provide potential solutions are left to
the national and regional levels, and the EU framework does little to help, it does not give a
coherent set of priorities or mechanisms for supporting extensive livestock systems.

Pillar 2

The policy rationale of the CAP is that any objectives for agriculture and rural areas other than basic
economic support for agriculture must be pursued through Pillar 2, which has much more limited
financial resources. We discount from the discussion the environmental aspects of Pillar 1 in the
form of cross-compliance and greening, as these are designed to reduce (slightly) the impacts of
intensive farming and are practically irrelevant to the challenge of sustaining Mediterranean HNV
grazing systems.

The main issues:

— Pillar 2 has a broad tool kit, but how to use it and the prioritisation of objectives is left to
member states and regions. There is no EU cohesion on key territorial issues such as ex-
tensive grazing systems.

— No clear guidance at EU level on how to use Pillar 2 for pursuing EU policy objectives in
relation to ecosystem services, biodiversity, permanent grasslands, fire prevention etc.

— Rural Development Programmes (RDPs) often have weak ex-ante analysis of these issues.
Even when key challenges for extensive systems are highlighted in PDR documents, the
measures and resources are not necessarily put in place.

— Pillar 2 subsidies for afforestation are an attractive option for extensive livestock farmers,
especially as the land afforested is automatically eligible for Pillar 1 payments as well. This
is a major disincentive to continuing with farming.

— The co-financing requirement is a disincentive to make use of Pillar 2 for what are seen in
some countries as EU environmental aims, rather than purely economic objectives that are
seen as national priorities.

The EAFRD (European Agricultural Fund for Rural Development) tool-kit is broad, and increas-
ingly flexible under the proposals for post-2014. If national and regional authorities want to take
initiatives to support HNV farming, there are plenty of ways of doing this using EU measures and
funds. Several countries and regions continue to make considerable efforts, and there are many
examples of good schemes funded by Pillar 2, and of outstanding local projects funded from the
CAP and from other sources, such as LIFE and other public and private funds.

However, the main measures available today for supporting HNV farming have existed for many
years — the agri-environment measure (AEM) since the 1980s and the Areas facing Natural
Constraints (LFA) scheme since the 1970s. It is left entirely to Member States to decide whether
to use these measures to support HNV farming, and to what extent. The result is that some coun-
tries do a lot, while some others do very little, especially in southern European countries such as
Greece, Portugal and Spain (Keenleyside et al., forthcoming). This situation does not make for a
consistent or coherent strategy to support HNV farming across EU.

The basic need is for relatively simple measures that incentivise the continuation of HNV farm-
ing systems on a large scale. Both the AEM and LFA schemes have the potential to be imple-
mented in this way. To note some positive examples, Romania has implemented an ambitious
agri-environment programme specifically to support existing HNV livestock systems over large
areas of the country. France has set up a pastoral management plan AEM delivering interesting
outcomes at site level (Conservatoires d’espaces naturels, 2009). However, generally speaking,
implementation of AEM is not adapted to the type and scale of HNV situations in the range of
Mediterranean member states.
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Implementation of the LFA scheme varies greatly across member states. Generally it is not tar-
geted in favour of holdings with HNV farming characteristics, although this could be done within
current EU rules. In France there is some targeting of LFA support towards extensive livestock,
with a significant share of Pillar 2 funds. This scheme includes different stocking rates specified
for extensive sheep and goat pastoral systems and mountain dairy systems, a higher payment
rate for the first 25 ha, and an additional payment for transhumance systems. Such an approach
could be of benefit in other Mediterranean countries. An alternative approach in England and
Wales has been to replace the system of LFA payments with a special AEM that aims to pursue
environmental outcomes on farms within the LFA.

Instead of supporting extensive grazing systems, in some countries large areas of extensive
grazing land have been afforested with public subsidy from Pillar 2 funds, a change of use that
also entails a considerable loss of biodiversity, landscape and socio-cultural values, as well as
leading to severe wild-fire problems in southern Europe.

So far the EU policy framework has not established a clear strategy for HNV farming. The Com-
mission’s 2011 Consultation Document on CAP reform explicitly recognised a number of relevant
issues including, the large extent of HNV farming systems in the EU, the abandonment risk faced
specifically by extensive grasslands, and the fact that extensive pastures and meadows have a
worse conservation status than other habitats of European conservation concern (Olmeda et al.,
2013). In fact the decline of extensive livestock farming is found to be the greatest threat to
Natura 2000 farmland habitats across the EU. But so far this analysis has not been converted
into concrete policy action at the EU level.

This weak EU framework gives no indication to member states, including new southern Europe
member states (Croatia) and potential new member states (Macedonia, Montenegro), of what
they could or should be doing to address the needs of extensive grazing systems. There is no
mention in the CAP texts of how EU objectives for ecosystems, biodiversity or climate change
(e.g. fire prevention) might be addressed in the design of Rural Development Programmes.
Member States are left to work this out for themselves.

A positive aim of the new CAP is to become more outcome-orientated and more strongly linked
to priorities. The new EAFRD regulation will require the next round of RDPs to include a clear
analysis of needs on the ground in relation to EU priorities for rural development, with appropri-
ate measures and resources in response to these identified needs. If robustly applied by Member
States and the Commission, then any programming region with a significant presence of HNV
farming should be required to include a satisfactory analysis of the needs of these farming types
and a suitable response to these needs through the RDP measures.

IV — Conclusion: subsidiarity is not the only answer, the need
for an adapted policy at EU level

Mediterranean extensive livestock systems have distinctive characteristics that differentiate them
from most other farming systems in Europe. Compared with mainstream farming in the lowlands of
central and northern Europe, Mediterranean extensive livestock systems are predominantly of very
high value in terms of biodiversity and a range of ecosystem services, but they face particular socio-
economic and regulatory challenges that threaten the continued delivery of these services.

The relevant EU policy goals are found mainly in environmental policy (maintenance of habitats
and ecosystems), while the measures and financial resources are all in the CAP. Some aspects
of Pillar 1 are biased against the continuation of Mediterranean extensive livestock farming, thus
working against environmental goals; there are also potentially useful measures included within
Pillar 2, but their use for this purpose varies greatly from one country to another and is notably
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weak in most Mediterranean member states. Ultimately the policy package implemented on the
ground depends increasingly on national and regional political processes and decisions, rather
than following EU policy goals.

Mediterranean extensive livestock farming is slipping into decline, not only in the EU15 but also
in candidate countries. There is a need for greater recognition of these trends and their environ-
mental consequences, and for more robust data and monitoring systems as the basis for efficient
policy design. EU policy should be adapted to the realities of Mediterranean extensive livestock
farming, and should ensure that all countries make full use of the available measures for sup-
porting these farming systems.

In principle, the new CAP gives flexibility to each Member State to design and implement a com-
bination of policy schemes susceptible to address this challenge, with the possibility to move
funds from Pillar 1 to Pillar 2 and targeting to HNV systems. But in a context of exacerbated com-
petition between agricultural sectors within the European boundaries and limited budget, the
absence of a EU vision for extensive livestock and dedicated policies is a failure. The fragile lega-
cy from HNV farming systems is of European interest, there is no strong reason to leave it to the
willingness of highly motivated actors at local and regional level only.
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Abstract. The paper highlights particular benefits and challenges coming along with ruminant production on per-
manent grasslands and rangelands. A threefold synergy is (i) the utilisation of a nutrient source which is inde-
pendent of arable land, (ii) the ecological benefits of maintained permanent pastures, and (jii) the production of
food with a high nutritional and sensory quality. However, a sustainable use of these pastures requires appro-
priate management, facing very different challenges depending on the regional conditions. Systemic manage-
ment schemes based on specific characteristics of the pastures are required for their maintenance and/or devel-
opment. A further challenge are pasture-bound gastro-intestinal parasites control, which are, however at least
partly also an issue of grazing management. The particular nutritional properties of grassland-derived products
are scientifically well established, although deeper understanding of specific underlying metabolic mechanisms
is still an objective of ongoing manifold research. Implementation of instruments for evaluation of these nutri-
tional values in the market chain is lacking. Scientifically many options for the authentication of grassland-based
products are under development, and a major task remains their implementation into practice. Decisive for all
successful developments are the economic and political frameworks. A multi-perspective re-consideration of the
concepts of efficiency for animal production seems to be required for a fair assessment of the services that pro-
duction systems based on grasslands and rangelands bring to global food production.

Keywords. Permanent grassland — Forage production — Management — Product quality — Traceability —
Animal health.

Potentialités et défis pour une future utilisation durable des prairies en production animale

Résumeé. Cet article met en avant les bénéfices particuliers et les défis auxquels est confrontée la produc-
tion de ruminants a partir des prairies permanentes et des parcours. Une triple synergie réside dans (i) I'uti-
lisation d’une source de nutriments indépendante des productions des terres arables, (ii) les bénéfices envi-
ronnementaux du maintien des prairies permanentes, et (iij) la fourniture de produits animaux de haute valeur
nutritionnelle et sensorielle. Cependant, une utilisation durable de ces prairies nécessite une conduite appro-
priée, qui doit faire face a différents défis selon les conditions régionales. Des schémas de conduites systé-
matiques basés sur les caractéristiques spécifiques des prairies sont nécessaires a leur entretien. Un autre
défi vient des effets des parasites gastro-intestinaux liés aux prairies, dont la maitrise dépend en partie de la
conduite du paturage. Les propriétés nutritionnelles particuliéres des produits animaux issus des prairies sont
bien établies scientifiquement, bien qu’'une compréhension plus compléete des mécanismes métaboliques
sous-jacents demeure un objectif de nombreux travaux de recherche. Les moyens techniques pour faire
valoir cette valeur nutritionnelle des produits dans les filieres économiques sont encore insuffisants. De nom-
breuses méthodes d’authentification des produits issus des prairies sont en cours de développement, mais
une tache majeure reste de les mettre en ceuvre dans la pratique. Le cadre économique et politique est déci-
sif pour tous les développements réussis. Une reconsidération du concept d’efficience de la production ani-
male dans une perspective multiple semble nécessaire pour une évaluation équitable des services que les
systemes de production basés sur les prairies et les parcours apportent a la production alimentaire globale.

Mots-clés. Prairie permanente — Production de fourrages — Conduite — Qualité des produits — Tragabilité —
Santé animale.
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| — Introduction: European grass- and rangelands and their
potential contribution to livestock production, in economic
and ecological perspectives

About two thirds of the global agricultural land consists of grasslands and rangelands. In Europe,
including the Russian Federation, more than 40% of the total agricultural lands are permanent or
temporary meadows and pastures (FAOSTAT, 2013). These areas are the most significant sour-
ce of feed for domestic herbivores: forages (grazed or conserved) represent approximately 50%
of all livestock feedstuffs, globally (Herrero et al., 2013). The permanent pastures are often locat-
ed in areas, which cannot be used as croplands because of topography, lack of/or oversupply of
water, poor soils, or extreme climatic conditions, what defines them as marginal areas. By con-
trast, temporary meadows are often part of crop rotations and may provide forage with a high
density of well digestible nutrients. From both types, a nutrient resource is provided, which can
be efficiently converted into human food by ruminant livestock. Due to their digestive physiology,
which combines fermentation, chewing and particle sorting in a unique way, ruminants are able
to degrade plant fibres efficiently and upgrade nitrogen into amino-acids (Clauss et al., 2010).

Akey issue of the evaluation of grassland utilization is the controversial ongoing debate about the
contribution of ruminant livestock to counteract or to increase the current environmental problems.
Ruminant production on grassland reduces the production pressure on the globally limited arable
land (O’'Mara, 2012; Taube et al., 2014). However, grassland/rangeland swards largely differ
regarding their nutrient density and digestibility (depending on soil and climate conditions, but to
a large degree also on management — cf. Boval and Dixon, 2012). This determines their feeding
value and the efficiency, including the “eco-efficiency” of ruminant production, if it is calculated as
the ratio of resource inputs (nutrients, surfaces, fossil energy and climate-related values) and food
nutrient outputs (Herrero et al., 2013; Taube et al., 2014). Because nutrients in swards are not as
dense as in grains, this can lead to conclusions, that the intensive grain-based production of pork
and poultry products is more efficient and less impacting the climate than any grassland-based
ruminant production (Pelletier and Tyedmers, 2010; Herrero et al., 2013). This perspective has to
be countered by the fact that a large share of feedstuffs for monogastric animals comprises human
edible cereals and oilseeds, thus permanently increasing the pressure towards larger arable land
areas, which finally requires ongoing deforestation. It can be further considered that large parts of
the global grass- and rangelands can only be maintained with no alternative of utilization other
than with ruminants. On this background it is reasonable to calculate the efficiency of livestock pro-
duction from the inputs of arable land or of human edible protein and calories (Wilkinson, 2011;
O’Mara, 2012.). In this respect, ruminant production is highly competitive with that of monogastric
livestock, because it relies less on inputs from arable land (O’Mara, 2012), and grassland/range-
land utilisation can be regarded as a core contribution of ruminant livestock to sustainable global
resource use. Grassland utilisation with ruminants proved to be the key to reach an efficient con-
version rate of human edible feed into animal products (Wilkinson, 2011).

Further, grasslands/rangelands are highly multifunctional and provide important ecological side-
effects. These effects are in the first line the habitat function for a high diversity of wild flora and
fauna (Mikhailova et al., 2000; Rook and Tallowin, 2003; O’Mara, 2012) and a high potential for car-
bon sequestration in the soils below grasslands (O’Mara, 2012; Taube et al., 2014). A further impor-
tant effect of forage-rich diets for livestock is a clear positive impact on the nutritive quality of the
resulting products, especially regarding antioxidants, lipid quality and fat soluble vitamins. The qual-
ity is clearly related to the botanical biodiversity of the pastures which is associated with a diversi-
ty of plant active compounds influencing the animals’ metabolism. (Jayanegara et al., 2011;
Buccioni et al., 2012; Willems et al., 2014). Summarizing, the use of grasslands for ruminant graz-
ing under proper management affords four main synergistic effects: (i) provision of food which is
based on local resources and not in competition to edible arable products, (ii) high-quality products,
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Fig. 1. Causes of loss of grasslands in Europe. From EEA (2010).

(iii) a reservoir of biodiversity, and (iv) a potential carbon sink. These four elements have to be con-
sidered together in any assessment of the eco-efficiency of grassland-based livestock systems.

Grassland/rangeland areas are worldwide under high pressure, which appears however in very
different forms, depending on the regions. While in many countries overgrazing, i.e. a too high den-
sity of livestock per hectare, causes severe degradation, erosion and loss of the natural grass-
lands (Robinson et al., 2003; Taube et al., 2014), in Europe, particularly in the mountain regions
and in southern and eastern European countries, the problem is more often underutilization and
abandonment of pastures due to societal and economic changes, followed by encroachment and
successive woody vegetations (Hadjigeorgiou et al., 2005; Mikhailova et al., 2000). By contrast,
in northern European regions, wherever the conversion into arable land is possible, ploughing up
is the main pressure on the permanent pastures (Taube et al., 2014). More than 50% of grass-
land losses in Europe are due to the reasons mentioned (Fig. 1), which are all rooted in agricul-
tural management decisions. The challenge these cases have in common, is the efficient and
long-term sustainable use of the grasslands/rangelands. This means for every region that man-
agement options have to be developed, which increase the nutritive value of the grazed forage
(Boval and Dixon, 2012; O’Mara, 2012; Herrero et al., 2013), in order to (depending on the region
and policy): (i) make the animal production more competitive in economic and ecological scales,
(i) increase the achievable income, and thus increase the stakeholders’ motivation to use and
maintain the permanent pastures, (iii) adapt animal numbers per hectare to the carrying capaci-
ty of the grassland/rangeland and thus implementing management options that avoid degradation,
(iv) improve the health of grazing animals, particularly with respect to pasture-born parasites, and
(v) introduce active policies (temporary or permanently) that pay to fill the gap between productive
and ecological functions. Further, there will necessary be trade-offs between nutritive and ecolog-
ical values (Baur et al., 2007) as well as between main nutrients and functional plant metabolites
that enhance product quality (Leiber et al., 2006; Jayanegara et al., 2011). Management options,
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which help to reconcile these different aspects, will be highly required for the future maintenance
and development of grassland/rangeland-based livestock systems. Additionally, market concepts
that provide a higher price for the nutritional quality and ecological function of grassland-derived
products are highly needed. These market developments have to be based on a specific product
authentication, requiring further research and development efforts.

Summing up, the maintenance and efficient utilisation of European grassland resources requires
further efforts on the levels of research, close-to-practice management development and political
measures. Important needs and potential in research and practice developments will be speci-
fied within this paper.

Il — Potential and constraints of permanent pastures
(grass- and rangelands) for provision of forage

Species composition of permanent grasslands and rangelands varies in large proportion accord-
ing to pedo-climatic conditions and management practices. Every sward is a unique mixture of
species differing in their functional traits (Violle et al., 2007), and thus responding differently to
climatic conditions and utilization. Based on functional traits (e.g. specific leaf area and leaf dry-
matter content), plant community ecologists classify species in functional types. These types cor-
respond to plant growth strategies according to fertility level and defoliation rate (Cruz et al.,
2002; Louault et al., 2005). Competitive species adapted to fertile soils and frequent (e.g. Lolium
perenne) or less frequent defoliation (e.g. Dactylis glomerata) are characterized by high specific
leaf areas and low leaf dry-matter content, favouring fast regrowth after defoliation. In contrast,
conservative species adapted to infertile soils (e.g. Festuca rubra) show low specific leaf area
and high leaf dry-matter content. Theoretically, based on such classifications, each plant species
can be associated with a gradient of production and digestibility values (which usually refer to
spring growth). At paddock scale, a sward can also be described by its functional composition,
which can be translated into technical characteristics, such as precocity, suitability for being gra-
zed late in the season, etc. (Duru et al., 2010; Launay et al., 2011).

Arecent study in France (Michaud et al., 2011) characterized a set of 190 permanent pastures rep-
resentative of most pedo-climatic conditions from Atlantic to Alpine areas (excluding Mediterranean
areas). The high variability observed in forage production (between 4.2 and 8.1 t DM/ha obtained
with 4 cuts for most of the paddocks) and digestibility (between 0.70 and 0.83 g/g at the beginning
of spring) was to some extent related to the functional composition of the grasslands, in terms of
botanical families and functional types of grasses (Baumont et al., 2012). The most productive
grasslands in spring and during the whole year (r = 0.81 between both) were those richest in com-
petitive grasses. In contrast, a negative relationship was observed between forage yield and the
proportion of conservative grasses in the grasslands. Forage quality, both at the beginning and the
end of spring, was positively related to the proportion of legumes species in the grasslands, as
legume proportion increased crude protein content, but also digestibility in studies for sown multi-
species swards (Huyghe et al,. 2008). A higher stability of forage quality in spring was related to
high proportions of forbs and conservative grasses. Knowledge of the temporal patterns of forage
availability and quality can help to define appropriate grassland management to cope with the nutri-
tional demand of the animals (Duru et al., 2010). For example, productive grasslands rich in com-
petitive grasses are adapted for harvesting and need early utilisation to maintain forage quality.
Grasslands with high proportion of legumes and thus high protein content will be adapted for graz-
ing by high producing animals. Thus, for each paddock, a range of possible utilizations can be
defined, as a result of its grass functional composition. This is particularly true in mountain condi-
tions, where the altitude gradient increases the diversity. Typical mountain pastures rich in conser-
vative grasses have to be exploited in an extensive manner, and can provide grass later in season
and due to their botanical diversity other forage services linked to product quality and animal health.
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The methods to characterize grasslands cannot, in most cases, be applied to rangelands, for two
reasons: first, rangeland vegetation often includes shrubs and trees, and second, rangelands are
often grazed after grass growth peak, in such management conditions that the animals are able
to select a diet which has little to do with the average composition of the sward. The presence of
shrubs and trees creates patches of shade which modify water and light availability for the under-
lying herbaceous species; thus, the abundance and quality of the underlying grass species are
different (Zarovali et al., 2007). While research has been focussed on characterizing the nutritive
value of green forage, rangelands are often used in summer or winter, when at least part of the
sward is senescent. When animals graze, they compose a diet by selecting plant species and
plant parts as a function of the relative quality and palatability of the items available, but also from
their previous feeding experience and of the grazing conditions determined by management
(Baumont et al., 2000; Provenza et al., 2003). Thus, both the available forage on the pasture and
the ingested diet of the grazing animals, are difficult to predict.

The methods effectively used to characterize forage production on rangelands are based on three
major assumptions: (1) numeric precision would be vain, since it would be impossible to docu-
ment the immense diversity of situations encountered, (2) the most pertinent information is the
amount and quality of intake, and not the amount and quality of the whole sward, (3) the range-
land cannot be characterized independently from the grazing management applied. Based on
such assumptions, a typology was established in the 1990s for French peri-Mediterranean re-
gions (IDELE, 1999). Based on a typology of rangeland vegetation which takes into accounts
both the type and abundance of herbaceous and shrub cover, it proposes a range of possible uti-
lizations. An utilization is characterized by the season, stocking density, total or partial consump-
tion of the herbaceous layer, nutritional requirements of the animals, supplementation-if any- and
number of daily rations grazed, expressed in “days x sheep”. Thus, the latter information includes
an evaluation of the amount and quality (through nutritional requirements of the grazing animals
and supplementation) of the forage ingested on the rangeland. Such information has been suc-
cessfully used for the design of decision support tools (see Martin et al., 2014 ibid). A major chal-
lenge in the future will consist in linking the complementary methods of grassland and rangeland
evaluation, which might prove that rangelands can be considered as a decent forage resource,
even for productive farming systems.

lll - Contribution of grasslands to dairy product quality

The sensory and nutritional characteristics of dairy products are governed first by a number of fac-
tors linked to the processing of milk. The chemical and microbiological characteristics of the raw
milk used also play a major role, in particular in the case of products in which the raw material
modifications during processing are restricted. The characteristics of raw milk used are depend-
ent on factors linked to animal characteristics and management that have increasingly been the
focus of consumers’ concern. Among these factors, animals’ diets are sensitive because some of
them, like pasture, carry a positive image that can be attractive to consumers and most importantly
because they may confer special nutritional and sensory properties to the dairy products.

Itis now clearly established that the fatty acid and antioxidant content and composition of the feed-
stuffs fed to ruminants are the main drivers of the plasticity of milk in these nutritionally relevant
components. In particular, grazed grass has a high content of fat rich in C18:3n-3 and high
amounts of tocopherol and carotene while, on the opposite, maize silage and cereals are rich in
C18:2n-6 and contain only little carotene and tocopherol. As a consequence, in comparison to
milks derived from diets based on maize silage or cereals, pasture derived milks have a lower con-
tent in saturated fatty acids (some having a clear negative impact on human health, i.e. C16:0)
and a higher content in unsaturated fatty acids including the major c9C18:1 monounsaturated fatty
acid and minor trans and polyunsaturated fatty acids like C18:3n-3 and c9t11CLA considered as
positive for human health (Chilliard et al., 2007; Shingfield et al., 2013). Pasture derived milks are
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also richer in antioxidants like carotenes, retinol, tocopherol and some phenolic compounds capa-
ble to protect the unsaturated fat against oxidation (Noziere et al., 2006; Besle et al., 2010). In
mixed diets, the enrichment of unsaturated fatty acids and antioxidants in milk is proportional to
the percentage of pasture in the diet (Coppa et al., 2013). As the grass content in fat and carotenes
decreases while grass matures, the specific positive features of pasture derived milk are higher
when pasture is grazed at a vegetative stage. Milk derived from grass preserved in the form of hay
or silage has an intermediate pattern because most of the nutritionally relevant compounds in
grass are partly lost or oxidized during harvesting: some compounds i.e. C18:3n-3 are close to that
of pasture derived milks and most of the other like the major c9C18:1 and C16:0 fatty acids are
close to that of maize silage or concentrate derived milks (Chilliard et al., 2007).

From the sensory point of view, many experiments (reviewed by Martin et al. 2005) have shown
that feeding dairy cattle with pasture grass in comparison to winter diets, in particular those in-
cluding high amounts of concentrate or maize silage, leads to more yellow butter and cheese be-
cause of their higher content in pigments, i.e. f-carotene. Cheeses have also a softer texture due
of the lower melting point of the fat, richer in long chain unsaturated fatty acids. The raw milk
cheeses issuing from pasture are also generally characterized by their stronger flavor associat-
ed to specific volatile compounds arising from the catabolism during ripening of unsaturated fatty
acids, carbohydrates and proteins. This effect of pasture on cheese flavor is more difficult to inter-
pret. Nevertheless, as it is partly lost when the milk is previously pasteurized, it cannot be ruled
out that the native microbial population of milk and/or the milk components modified by heat treat-
ment like endogenous lipases or proteases may vary according to animals’ diets and finally
explain the influence of pasture on cheese flavour (Martin et al., 2005). The effects of diets on
the sensory properties of cheeses depend also on the cheese type: they seem to be of greater
magnitude in the case of large hard cheeses requiring a long ripening time than in the case of
small soft cheeses ripened quickly. Lastly, the sensory features of pasture derived raw milk is
also stronger maybe due to the production in the rumen of volatile compounds like skatole or
dimethyl-disulfide that are transferred to milk when cows graze a vegetative grass particularly
rich in easily fermentable nitrogen (Coppa et al., 2011).

Within the grass based diets, the influence of the preservation mode concerns mainly the dairy
products’ yellow colour and carotene content, which are higher when grass is preserved as si-
lage, by comparison to hay (Noziére et al., 2006). Significant differences in the sensory and nutri-
tional characteristics of milk and derived products are also observed according to the botanical
composition of the grasslands. In particular, the highly biodiverse Mediterranean or mountain per-
manent grasslands containing a wide variety of plant species rich in secondary metabolites
reduce the biohydrogenation of fatty acids in the rumen and result in milks and cheeses with a
higher content of polyunsaturated fatty acids and plant secondary metabolites like terpenes or
phenolic compounds (Leiber et al., 2005; Besle et al., 2010). In addition, it is clearly established
that the botanical composition of the grass influences cheese texture, flavour and appearance
(Martin et al., 2005). Nevertheless, this influence is particularly difficult to explain as it varies
widely according to the local context and cheese types considered.

IV — Contribution of grasslands to meat quality

It is well known that the quality of meat is strongly affected by the animal feeding. In particular,
many studies have demonstrated that extensive feeding systems based on green pastures in-
crease the intramuscular unsaturated and n-3 fatty acid proportion (for a review see Wood et al.,
2008) and improve the oxidative stability of meat as compared to animals given concentrates in
stalls (for a review see Descalzo et al., 2008). However, more recent studies have aimed at in-
creasing the knowledge of how different pastures and different grazing managements can affect
these aspects of meat quality.

38 Options Méditerranéennes, A, no. 109, 2014



Several pasture plant species, in both alpine and Mediterranean environment, contain phenolic
compounds. These components are able to affect the ruminal ecosystem, thus reducing the biohy-
drogenation of unsaturated fatty acids (Vasta et al., 2010). Willems et al. (2014) have demonstrat-
ed that, in alpine environment, different pasture species can lead to differences in the intramuscu-
lar and adipose tissue fatty acid composition. In particular, phenolic compounds present in some
plants, can prevent ruminal biohydrogenation thus increasing the accumulation of alpha-linolenic
and linoleic acid in the tissues of animals grazing these plants. The occurrence of secondary com-
pounds (in particular tannins and saponins) in grasslands is recently being exploited as a natural
strategy for gastro-intestinal parasite control (see § 6). Therefore recent studies have aimed at eval-
uating the possible impact of such strategies on the quality of meat. For instance Brogna et al.
(2014) found that the inclusion of tannins and saponins —in a concentrate-based diet— as remedy
for parasite control — did not affect the main meat quality parameters of lamb, including fatty acid
composition and oxidative stability. It would be of interest to evaluate the impact of similar remedy
treatments in animals treated with plants secondary compounds naturally contained in grass-
lands/rangelands. Phenolic compounds are natural antioxidants and are commonly believed to con-
tribute towards an improved antioxidant status of the tissues from pasture-fed animals. However,
only few studies have investigated on their bioavailability. Lopez-Andrés et al. (2013) have demon-
strated that in animals grazing a ryegrass pasture, polyphenols are not detectable in tissues and
therefore are not the main contributors to the antioxidant status of pasture-fed animals.

Mediterranean pastures are available during a limited part of the year. Reducing the grazing pres-
sure with a correct grassland management could allow to preserve these pastures. Luciano et al.
(2012) and Vasta et al. (2012) offered to three different groups of growing lambs a sward to graze
for eight hours (from 9 am to 5 pm) or four hours either in the morning (from 9 am to 1 pm) or in
the afternoon (from 1 pm to 5 pm). They have demonstrated that limiting the daily access to pas-
ture from eight to four hours did not affect carcass weight and composition. Intramuscular fatty
acids were affected by the time of grazing with higher levels of polyunsaturated fatty acids and
lower levels of saturated fatty acids in the meat of animals given access to pasture in the after-
noon as compared to those grazing for eight hours or for four hours in the morning. These results
could likely be explained by the diurnal variation of the chemical composition in the plants. It was
also found that the restriction of grazing did not compromise the storage stability of meat. In out-
line, the results of these studies highlighted the need for further research to identify and study the
main factors to consider in implementing restricted grazing management which maximum profit
without compromising animal health and welfare.

For dairy as well as for ruminant meat products further research is required to achieve a syste-
matic knowledge basis about the factors influencing the specific quality of grassland-derived
products. It appears particularly important to study systematically the effects of a wide range of die-
tary polyphenols, especially if present at high concentrations in other commonly used forages.
This would be needed for the targeted production of specific foods, which would safely meet stan-
dards and achieve higher prices. Such standards have, however, still to be defined. The basis for
their definition and control would be authentication systems as outlined below.

V — Authentication of grassland-derived products

The above presented results on dairy and meat products evidence specific features of grassland-
derived dairy products and support the idea that a synergy between sustainable utilisation of the
grassland/rangeland resources and positive side-effects on product quality emerges in such pro-
duction systems. Hence, a clear differentiation adding value to these products appears to be pos-
sible at least during summer, when the grasslands are available.

Several factors have contributed to research interest in the area of products authentication, such
as: the increasing consumer demand for guarantee about mode of production because of sever-
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al food crises; the evidence that pasture-feeding can impart beneficial effects on meat and milk
from a nutritional perspective; the interest in production practices which are more environmental
friendly and more respectful towards animal welfare; the interest for producers to obtain market
recognition and premium prices and to avoid piracy of their brands. To meet these demands, re-
search has been developed to identify reliable authentication methods for meat and dairy prod-
ucts to be used in parallel with documentary traceability. Plant biomarkers, coming directly from
the diet, have been widely proposed as valuable tools (Prache, 2007; Engel et al., 2007). In par-
ticular, terpenes have been used successfully in meat (Priolo et al., 2004) and dairy products
(Tornambé et al., 2006; Revello Chion et al., 2010; Coppa et al., 2011) as markers of animal diet,
and particularly of pasture-feeding. More recently, polyphenols have proven to be quite valuable
to authenticate pasture-derived milk and cheeses, especially if animals graze biodiverse pastures
(Besle et al., 2010). However, concentrations of terpenes and polyphenols differ widely accord-
ing to pasture botanical composition and phenological stage (Cornu et al., 2001; Sangwan et al.,
2001; Reynaud et al., 2007). Moreover, the majority of phenolic compounds found in milk remain
unidentified and identification of terpenes can vary largely according to the analytical method
used (Pillonel et al., 2002). As a result, the analytical methods are limiting at present the routine
use of these compounds for the authentication of meat and dairy products.

Carotenoid pigments have also been used successfully to distinguish pasture-derived from con-
centrate-derived ovine meat (Priolo et al., 2002; Prache ef al., 2003a and b), bovine meat (Se-
rrano et al., 2006; Roehrle et al., 2011), and dairy products (Slots et al., 2009; Stergiadis et al.,
2012). However, also herbage carotenoid content decreases as herbage phenology develops or
when herbage is conserved (Calderon et al., 2006; Noziére et al., 2006). As a consequence, ca-
rotenoids become less reliable to authenticate pasture-derived milk and meat when pastures are
in an advanced stage of maturity, or in case of stall diets which incorporate green herbage or well-
conserved forages (Slots et al., 2009; Prache et al., 2009; Stergiadis et al., 2012). Dose-depend-
ent response studies have shown that lamb fat carotenoid concentration was linearly related to
carotenoid intake level (Dian et al., 2007), while the relationship was rather curvilinear for milk
carotenoid content (Calderon et al., 2006).

The stable isotopes ratios of oxygen, hydrogen, and sulphur are generally used for geographical
origin assessment because they depend on latitude and on proximity of the sea (Manca et al.,
2001; Renou et al., 2004; Ehtesham et al., 2013). The stable isotopes ratios of carbon and nitro-
gen in meat and milk have been especially used to authenticate the diet. Tipically, carbon stable
isotopes allow the control of whether or not maize has been used in the animal diet (De Smet et
al., 2004; Bahar et al., 2009). A recent study demonstrated that nitrogen stable isotopes ratio
allowed to authenticate meat produced from legume-rich diets (Devincenzi et al., 2014), because
legumes use nitrogen from the air as a nitrogen source. Fatty acid specific carbon stable isotopes
offer the potential to link authentication with aspects of the animals’ lipid metabolism leading to
effects on the products fatty acid composition (Richter et al., 2012a and 2012b).

The fatty acid (FA) composition of milk and meat also gives precise information about animal
feeding diet (Aurousseau et al., 2004; Engel et al., 2007; Coppa et al., 2013). Differences in milk
and meat FA profile when using contrasting diets have been observed by several authors both in
controlled conditions (i.e. reviews of Chilliard et al., 2007, and Shingfield et al., 2013; Aurousseau
et al., 2004) and on farm (Ferlay et al., 2008; Stergiadis et al., 2012; Borreani et al., 2013). Howe-
ver, diet authentication based on FA was less accurate when samples derived from mixed diets
were considered (Martin et al., 2014).

Recently, global approaches based on meat, milk and cheese infrared (IR) spectra analysis were
proposed as rapid, cheap and chemical-free methods to authenticate animal feeding diet. Near IR
spectroscopy (NIRS) and medium IR spectroscopy (MIRS) on milk and cheese was found to be
reliable to authenticate the main forage fed to cows (Coppa et al., 2012; Valenti et al., 2013;
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Andueza et al., 2013), at least when the dietary proportion of the forage exceeded 50%. However,
similarly to FA, the IR methods lost reliability with mixed diets (Coppa et al., 2012). In lamb meat,
NIRS of perirenal fat enabled accurate discrimination between pasture-fed lambs and concen-
trate-fed lambs, the wavelengths regions implicated in the discrimination being probably due to dif-
ferences in light absorption by carotenoid, haeminic pigments and fatty acids (Dian et al., 2008).

The IR methods have a huge potential in routine application for meat and dairy products authenti-
cation, because they are reliable, rapid and chemical-free. In case of doubtful results when using IR
data, a more detailed analysis using the specific compounds mentioned above may be performed.
Intermediate feeding situations, for example in case of mixed diets or diet switches, may be less eas-
ily recognized and may require a combination of tracing methods. In particular, the persistence and
the latency of appearance of diet tracers and the corresponding spectral changes in meat and
milk are currently under active investigation (de Oliveira et al., 2012a and b). These limits should
be taken into account in establishing commitments in meat and dairy products specifications.

VI — Animal Health Issues - focus on gastro-intestinal nematodes

Grazing can have several positive effects on ruminants’ health, in general terms (Kiinzi et al., 1988)
or related to udder health (Goldberg et al., 1992). Factors may comprise species-appropriate be-
haviour including feed choice (Provenza et al., 2003; Villalba et al., 2010), but also the high con-
centrations of plant active compounds including phenols, essential oils, vitamins and unsaturat-
ed fatty acids. However, grazing also comprises several challenges towards animal health.

Apart from possible physiological problems (e.g. acidosis, rumen bloat, milk fever, intoxications),
pasture born helminth infections (i.e.. gastro-intestinal nematodes (GIN), liver flukes or lungworms)
probably represent the most important production and health problem of grazing ruminants (Perry
and Randolph, 1999). The need to control pasture born parasites came along together with the
intensification of ruminant production systems with high stocking rates and rotational systems
that substantially increased pasture contamination and as a consequence favoured infection and
reinfection of the hosts. In 1960 the first class of chemical drugs (i.e. benzimidazoles) were devel-
oped and allowed for an effective control of parasites. Although several additional classes of
anthelmintics were introduced into the market in the forthcoming years, the excessive use of these
compounds led to a rapid occurrence of resistant helminth populations. Today anthelmintic resist-
ance is one of the most pressing problems of pasture based ruminant production (Waller, 2006) and
is counteracted by the development of alternative strategies to control the parasites. Amongst those
strategies, a pasture management considering the epidemiology of helminths has proven to be par-
ticularly successful in cattle (Waller, 2006). Compared to sheep and goats, these animals are able
to show a more effective immune response to some helminths, particularly to GIN. Also mixed or
alternate grazing with cattle and sheep/goats has shown to be a promising strategy to limit GIN
infections in both host species by essentially diluting the infection. The background of the latter
strategy is the relative specificity of GIN species to either cattle or sheep/goats.

Another promising strategy to control helminths is the use of plant secondary metabolites (PSM),
particularly tannins (see also § 4). There is a substantial body of evidence for anthelmintic effects
of tannin-containing legume forages such as sainfoin, sericea lespedeza and some lotus species
(Hoste et al., 2012). The observed effects can clearly be attributed to the presence of tannins and
include a reduction of the worm fecundity, a reduced ability of incoming larvae to establish with-
in the host and the reduction of the adult worm burden within the host. The latter effect, howev-
er, is subject to substantial variability including animal response. Other PSMs to control helminths
have rather been used in the form of plant extracts and in some cases have proven being high-
ly effective (Athanasiadou et al., 2007). Generally, however, plant extracts to control helminths
seem to be subject to a substantial degree of variability, which originates from a multitude of
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sources (e.g. site of plant growth, time of harvest, conditions of conservation, a.s.0.). Research
for both PSM containing fodder plants and plant extracts is ongoing and remains to be a field with
a lot of potential for the control of helminths.

Helminth infections of the gastro-intestinal tract induce extra-costs for the host animal. Colditz
(2008) specified these costs amongst others as increased metabolic costs, turnover costs of cells
and proteins of the immune system, damage of host tissues and reduced nutrient intake due to
anorexia. Coop and Kyriazakis (1999) suggested a partitioning framework in the priority of the
allocation of available resources to various body functions. The authors suggest that animals will
give highest priority to its maintenance functions (body protein: repair, replacement and reaction
to infection in affected tissues). If the animals are immunologically matured, the second highest
priority is given to growth and reproductive functions. Therefore Coop and Kyriazakis (1999) con-
clude that improved nutrition will have beneficial effects on the host-parasite interaction espe-
cially in periods of high nutrient demand such as rapid growth. Today it is generally accepted that
host resistance to GIN is sensitive to protein scarcity rather than to energy scarcity (Houdijk,
2012) and that GIN infection and its consequences can be alleviated by an improved protein sup-
ply. It therefore makes sense not only for general nutritional goals, to increase protein supply of
ruminants, but also for parasitological reasons.

Overall, research in the field of alternative control of pasture born helminths needs to be further
intensified, in order to handle the negative consequences of these parasites on ruminants’ health
and productivity. This should be done by using different control strategies in parallel in order to
make use of potential synergic effects which may arise from their combination.

VIl — Conclusion: Future challenges to sustain and develop
the multifunctional role of permanent grasslands
in European agriculture

The different perspectives of this paper show that there is a large potential for synergies being
achieved by the smart utilisation of the European pastures. The targets which are associated,
and can be reached simultaneously, are: (i) producing animal feed source, which is (partly) inde-
pendent from arable land resources and thus not in competition with food crops, (ii) producing
food with a particularly high nutritional value due to increased concentrations of functional fatty
acids, antioxidants and vitamins, and (iii) maintaining ecosystems of a high ecological value in
terms of biodiversity, carbon sequestration and landscape protection.

Challenges are largely connected to ecological and economical sustainability. One important field
of solutions for both is the proper management of pasture aiming at the optimal match of carrying
capacity and stocking management (species, densities and rotations, adapted to regional and sea-
sonal characteristics), as indicated in § 2 of this paper. Good integration of research, development
and extension, acknowledging the high value of farmers’ practical knowledge in this field, could be
a basis for concrete developments in pasture management. A future challenge for research could
be a deeper understanding of the interactions between animal requirements and spatial grazing
and selection behaviour, also with respect to forages rich in plant secondary metabolites. A sec-
ond important aspect for promotion of the sustainable utilisation of pastures is to bring the positive
achievements of pasture-based production efficiently to the market. Particularly the specific nutri-
tional values are —although scientifically proven many times— not considered in the price building,
neither between dairies and farmers, nor when the products are sold to the customers. Part of this
problem lies in legal frameworks about health claims on products. But part is also due to lacking
instruments for authentication of food origin and their properties. This paper showed that the tech-
nology will soon be available — implementation is the necessary next step.
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However, a very basic problem hindering a development towards better utilisation of the pasture
resource is the economic framework in a concrete and in a conceptual sense. Regardless of all
possible and necessary improvements in the nutritional value and conversion efficiency of natu-
ral grasslands/rangelands there will always be large areas which are lower in nutrient density and
feed-to-food conversion efficiency than intensively managed temporary grasslands or even
grains from arable lands. This argument is used in concepts of ecological efficiency to disregard
grassland-based production systems as ecologically inefficient (e.g. Pelletier and Tyedmers, 2010;
Herrero et al., 2013). This will also be an economic reality as long as the feedstuffs derived from
arable land are cheap and competitive. However, it has to be countered by the fact that many
grasslands and rangelands represent a non-arable land contribution to food production. Espe-
cially those areas which carry low quality feed are often without any other alternative for utilisa-
tion. Efficiency thus has to be calculated not only as product units per animal or hectare or kg of
feed, but rather by considering the inputs of arable land (Wilkinson, 2011; O’Mara, 2012) and all
further factors related to intensive arable crop production. Multi-perspective definitions of effi-
ciency appear as one highly necessary precondition for the development of political, legal and eco-
nomic frameworks within which a sustainable grassland and rangeland economy can develop. The
ecological efficiency of these systems is an aspect of societal needs and responsibilities.
Therefore, societal refunding of ecoservices provided by grassland-based agriculture still appears
to be an important issue for local and European policy, which is currently addressed by the
“Greening” policy of the European Commission (EC, 2013). The practicability of this measure has
to be proven in future. Research, development and extension activities as outlined in this paper
may support the implementation of this subsidy instrument on local scales.

References

Andueza D., Agabriel C., Constant I., Lucas A., Martin B., 2013. Using visible or near infrared spectros-
copy (NIRS) on cheese to authenticate cow feeding regimes. Food Chemistry, 141, p. 209-214.

Athanasiadou S., Githiori J.B., Kyriazakis I., 2007. Medicinal plants for helminth parasite control: facts and
fiction. Animal, 1, p. 1392-1400.

Aurousseau B., Bauchart D., Calichon E., Micol D., Priolo A., 2004. Effect of grass or concentrate feed-
ing systems and rate of growth on triglyceride and phospholipid and their fatty acids in the M. longissimus
thoracis of lambs. Meat Science, 66, p. 531-541.

Bahar B., Moloney AP., Monahan FJ., Harrison SM., Zazzo A., Scrimgeour CM., Begley IS., Schmidt O.,
2009. Turnover of carbon, nitrogen, and sulfur in bovine longissimus dorsi and psoas major muscles:
Implications for isotopic authentication of meat. Journal of Animal Science 87, p. 905-913.

Baumont R., Michaud A. Delaby L., 2012. Services fourragers des prairies permanentes : production d’herbe
et valeur alimentaire pour les ruminants [Forage services provided by permanent grassland : grass pro-
duction and feeding value for ruminants]. Fourrages, 211, p. 219-228.

Baumont R., Prache S., Meuret M., Mohrand-Fehr P., 2000. How forage characteristics influence behav-
iour and intake in small ruminants: a review. Livestock Production Science, 64, p. 15-28.

Baur B., Cremene C., Groza G., Schileyko A.A., Baur A., Erhardt A., 2007. Intensified grazing affects
endemic plant and gastropod diversity in alpine grasslands of the Southern Carpathian mountains (Ro-
mania). Biologia, 62, p. 438-445.

Besle J.M,, Viala D., Martin B., Pradel P., Meunier B., Berdagué J.L., Fraisse D., Lamaison J.L., Coulon
J.B., 2010. Ultraviolet-absorbing compounds in milk are related to forage polyphenols. Journal of Dairy
Science, 93, p. 2846-2856.

Borreani G., Coppa M., Revello-Chion A., Comino L., Giaccone D., Ferlay A., Tabacco E., 2013. Effect
of different feeding strategies in intensive dairy farming systems on milk fatty acid profiles, and implica-
tions on feeding costs in ltaly. Journal of Dairy Science, 96, p. 6840-6855

Boval M., Dixon R.M., 2012. The importance of grasslands for animal production and other functions: a
review on management and methodological progress in the tropics. Animal, 6, p. 748-762.

Brogna D.M.R., Tansawat R., Cornforth D., Ward R., Bella M., Luciano G., Priolo A., Villalba J., 2014.
The quality of meat from sheep treated with tannin- and saponin-based remedies as a natural strategy
for parasite control. Meat Science, 96, p. 744-749.

Forage resources and ecosystem services provided by Mountain 43
and Mediterranean grasslands and rangelands



Buccioni A., Decandia M., Minieri S., Molle M., Cabiddu A., 2012. Lipid metabolism in the rumen: New
insights on lipolysis and biohydrogenation with an emphasis on the role of endogenous plant factors.
Animal Feed Science and Technology, 174, p. 1-25.

Calderon F., Tornambé G., Martin B., Pradel P., Chauveau-Duroit B., Noziére P., 2006. Effects of moun-
tain grassland maturity stage and grazing management on carotenoids in sward and cow’s milk. Animal
Research 55, p. 1-12.

Chilliard Y., Glasser F., Ferlay A., Bernard L., Rouel J., Doreau M., 2007. Diet, rumen biohydrogenation
and nutritional quality of cow and goat milk fat. European Journal of Lipid Science and Technology 109,
p. 828-855.

Clauss M., Hume I.D. and Hummel J., 2010. Evolutionary adaptations of ruminants and their potential rel-
evance for modern production systems. Animal 4, p. 979-992.

Colditz 1.G., 2008. Six costs of immunity to gastrointestinal nematode infections. Parasite Immunology
(Oxford) 30, p. 63-70.

Coop R.L., Kyriazakis l., 1999. Nutrition-parasite interaction. Veterinary Parasirology 84, 187-204.

Coppa M., Ferlay A., Chassaing C., Agabriel C., Glasser F., Chilliard Y., Borreani G., Barcarolo R.,
Baars T., Kusche D., Harstad O.M., Verbic J., Golecky J., Martin B., 2013. Prediction of bulk milk fatty
acid composition based on farming practices collected through on-farm surveys. Journal of Dairy Science
96, p. 4197-4211.

Coppa M., Martin B., Agabriel C., Chassaing C., Sibra C., Constant |., Graulet B., Andueza D., 2012.
Authentication of cow feeding and geographic origin on milk using visible and near-infrared spectroscopy.
Journal of Dairy Science 95, p. 5544-5551.

Coppa M., Martin B., Pradel P., Leotta B., Priolo A., Vasta V., 2011. Effect of a hay-based diet or different
upland grazing systems on milk volatile compounds. Journal of Agricultural and Food Chemistry 59, p.
4947-4954.

Cornu A,, Carnat A.P., Martin B., Coulon J.B., Lamaison J.L., Berdagué J.L., 2001. Solid-phase microex-
traction of volatile components from natural grassland plants. Journal of Agricultural and Food Chemistry
49, p. 203-209.

Cruz P., Duru M., Therond O., Theau J.-P., Ducourtieux C., Jouany C., Al Haj Khaled R., Ansquer P,
2002. Une nouvelle approche pour caractériser les prairies naturelles et leur valeur d’'usage [english
translation]. Fourrages 172, p. 335-354.

De Smet S., Balcaen A, Claeys E., Boeckx P., Van Cleemput O., 2004. Stable carbon isotope analysis of
different tissues of beef animals in relation to their diet. Rapid Communications in Mass Spectrometry 18,
p. 1227-1232.

Descalzo A.M., Sancho A.M., 2008. A review of natural antioxidants and their effects on oxidative status,
odor and quality of fresh beef produced in Argentina. Meat Science 79, p. 423-436.

Devincenzi T., Delfosse O., Andueza D., Nabinger C., Prache S., 2014. Dose-dependent response of nitro-
gen stable isotope ratio to proportion of legumes in diet to authenticate lamb meat produced from
legume-rich pastures. Food Chemistry, 152, p. 456-461.

Dian P.H.M., Andueza D., Jestin M., Prado I.N, Prache S., 2008. Comparison of visible and near infrared
reflectance spectroscopy to discriminate between pasture-fed and concentrate-fed lamb carcasses, Meat
Science 80, p. 1157-1164.

Dian P.H.M., Chauveau-Duriot B., Prado L.N, Prache S., 2007. A dose-response study relating the concen-
tration of carotenoid pigments in blood and fat to carotenoid intake level in sheep. Journal of Animal Science,
85, p. 3054-3061.

Duru M., Cruz P., Theau J-P., 2010. A simplified method for characterising agronomic services provided by
species-rich grasslands. Crop & Pasture Science, 61, p. 420-433.

EC (European Commission), 2013. Regulation (EU) no 1307/2013 of the European Parliament and of the
Council of 17 December 2013 establishing rules for direct payments to farmers under support schemes
within the framework of the common agricultural policy and repealing Council Regulation (EC) No 637/2008
and Council Regulation (EC) No 73/2009.

EEA (European Environment Agency), 2010. Causes of loss of grasslands. http://www.eea.europa.eu/data-
and-maps/figures/cause-of-loss-of-grasslands#tab-european-data. Accessed 14.4.2014.

Ehtesham E., Baisden W.T., Keller E.D., Hayman A.R., Van Hale R., Frew R.D., 2013. Correlation between
precipitation and geographical location of the §2H values of the fatty acids in milk and bulk milk powder.
Geochimica and Cosmochimica Acta 111, p. 105-116.

44 Options Méditerranéennes, A, no. 109, 2014



Engel E., Ferlay A., Cornu A, Chilliard Y., Agabriel C., Bielicki G., Martin B., 2007. Relevance of isotopic
and molecular biomarkers for the authentication of milk according to production zone and type of feed-
ing. J. Agric. Food Chem. 55:9099-9108.

FAOSTAT (Food and Agriculture Organization of the United Nations, Statistics Division), 2013. Re-
sources — Land. http://faostat.fao.org/site/377/default.aspx#ancor.

Ferlay A., Agabriel C., Sibra C., Journal C., Martin B., Chilliard Y., 2008. Tanker milk variability in fatty
acids according to farm feeding and husbandry practices in a French semi-mountain area. Dairy Science
and Technology 88, p. 193-215.

Goldberg J.J., Wildman E.E., Pankey J.W., Kunkel J.R., Howard D.B., Murphy B.M., 1992. The Influence
of Intensively Managed Rotational Grazing, Traditional Continuous Grazing, and Confinement Housing on
Bulk Tank Milk Quality and Udder Health. Journal of Dairy Science 75, p. 96-104.

Hadjigeorgiou ., Osoro K., Fragoso de Almeida J.P., Molle G., 2005. Southern European grazing lands:
Production, environmental and landscape management aspects. Livestock Production Science 96, p. 51-59.

Herrero M., Havlik P., Falin H., Notenbaert A., Rufino M.C., Thornton P.K., Blimmel M., Weiss F., Grace
D., Obersteiner M., 2013. Biomass use, production, feed efficiencies, and greenhouse gas emissions
from global livestock systems. PNAS 110, p. 20888-20893.

Hoste H., Martinez-Ortiz-De-Montellano C., Manolaraki F., Brunet S., Ojeda-Robertos N., Fourquaux I.,
Torres-Acosta J.F.J., Sandoval-Castro C.A., 2012. Direct and indirect effects of bioactive tannin-rich
tropical and temperate legumes against nematode infections. Veterinary Parasitology 186, p. 18-27.

Houdijk J.G.M., 2012. Differential effects of protein and energy scarcity on resistance to nematode parasi-
tes. Small Ruminant Research 103, p. 41-49.

Huyghe C., Baumont R., Isselstein J., 2008. Plant diversity in grasslands and feed quality. Grassland Science
in Europe, 14, p. 375-386.

Institut de I’Elevage (IDELE), 1999. Référentiel Pastoral Parcellaire. Institut de I'Elevage, Paris.

Jayanegara A., Marquardt S., Kreuzer M., Leiber F., 2011. Nutrient and energy content, in vitro ruminal fer-
mentation characteristics and methanogenic potential of alpine forage plant species during early summer.
Journal of the Science of Food and Agriculture 91, p. 1863-1870.

Kiinzi N., Leuenberger H., Michel A., 1988. Die Alpung: Ein wichtiger Teil der Schweizerischen Rindvieh-
produktion [english translation]. Journal of Animal Breeding and Genetics 105, p. 279-293.

Launay F., Baumont R., Plantureux S., Farrie J-P., Michaud A. et Pottier E., 2011. Prairies Permanentes :
des références pour valoriser leur diversité[english translation]. Ed. Institut de 'Elevage. 128 pages.
Leiber F., Kreuzer M., Nigg D., Wettstein H.R. and Scheeder M.R.L., 2005. A study on the causes for the

elevated n-3 fatty acids in cows’ milk of Alpine origin. Lipids 40, p. 191-202.

Leiber F., Kreuzer M., Leuenberger H., Wettstein H.R., 2006. Contribution of diet type and pasture condi-
tions to the influence of high altitude grazing on intake, performance and composition and renneting prop-
erties of the milk of cows. Animal Research 55, p. 37-53.

Loépéz-Andrés P., Luciano G., Vasta V., Gibson T.M., Scerra M., Biondi L., Priolo A., Mueller-Harvey 1.,
2013. Antioxidante effects of ryegrass phenolics in lamb liver and plasma. Animal. doi: 10.1017/S175173
1113001821

Louault F., Pillar V.D., Aufrére J., Garnier E., Soussana J.F., 2005. Plant traits and functional types in response
to reduced disturbance in a semi-natural grassland. Journal of Vegetation Science, 16, p. 151-160.

Luciano G., Biondi L., Pagano R.l., Scerra M., Vasta V., L6péz-Andrés P., Valenti B., Lanza M., Priolo
A., Avondo M., 2012. The restriction of grazing duration does not compromise lamb meat color and oxi-
dative stability. Meat Science 92, p. 30-35.

Manca G., Camin F., Coloru G.C., Del Caro,A., Depentori D., Franco M.A., Versini G., 2001. Characte-
rization of the geographical origin of Pecorino Sardo cheese by casein stable isotope ('3C/'2C and
15N/14N) ratios and free amino acid ratios. Journal of Agricultural and Food Chemistry 49, p. 1404-1409.

Martin B., Verdier-Metz I., Buchin S., Hurtaud C., Coulon J.B., 2005. How do the nature of forages and pas-
ture diversity influence the sensory quality of dairy livestock products? Animal Science, 81, p. 205-212.

Martin G., Farrié B., Jouven M., Launay F., Moreau J-C., Moulin C-H, Piquet M., Taverne M., Tchakérian
E. and Thénard V., 2014. Rangeland Rummy: a game to support adaptive management of rangeland-
based livestock systems, Options Méditerranéennes (this volume).

Martin B., Coppa M., Chassaing C., Agabriel C., Borreani G., Barcarolo R., Baars T., Kusche D., Hars-
tad O.M., Verbic J,. Golecky J. and Ferlay A., 2014. Can we use the fatty acid composition of bulk milk
to authenticate the diet composition? In: Grassland Science in Europe 18: EGF at 50: the future of Eu-
ropean Grasslands, Aberystwyth, Wales, UK (in press).

Forage resources and ecosystem services provided by Mountain 45
and Mediterranean grasslands and rangelands



Michaud A., Plantureux S., Amiaud B., Carrére P., Cruz P., Duru M., Dury B., Farruggia A., Fiorelli J.L.,
Kerneis E., Baumont R., 2011. Identification of the environmental factors which drive the botanical and
functional composition of permanent grasslands. Journal of Agricultural Science, 150, p. 219-236.

Mikhailova E.A., Bryant R.B., Cherney D.J.R., Post C.J., Vassenev L., 2000. Botanical composition, soil
and forage quality under differen management regimes in Russian grasslands. Agriculture, Ecosystems
and Environment, 80, p. 213-226.

Noziére P., Graulet B., Lucas A., Martin B., Grolier P., Doreau M., 2006. Carotenoids for ruminants: from
forages to dairy products. Animal Feed Science and Technology 131, p. 418-450.

O’Mara F.P.O., 2012. The role of grasslands in food security and climate change. Annals of Botany 110, p.
11263-1270.

Oliveira de L., Carvalho P.C.F., Prache S., 2012a. Response of lamb plasma carotenoid concentrations to
a shift from a low to a high dietary carotenoid level. Animal 6, p. 1139-1142.

Oliveira de L., Carvalho P.C.F., Prache S., 2012b. Fat spectro-colorimetric characteristics of lambs switched
from a low to a high dietary carotenoid level. Meat Science 92, p. 644-650.

Pelletier N., Tyedmers P., 2010. Forecasting potential global environmental costs of livestock production
2000-2050. PNAS 107, p. 18371-18374.

Perry B.D., Randolph T.F., 1999. Improving the assessment of the economic impact of parasitic diseases
and of their control in production animals. Veterinary Parasitology 84, p. 145-168.

Pillonel L., Bosset J.O., Tabacchi R., 2002. Rapid preconcentration and enrichment techniques for the
analysis of food volatiles: a review. Food Science and Technology 35, p. 1-14.

Prache S., 2007. Developing a diet authentication system from the composition of milk and meat in sheep:
a review. Journal of Agricultural Science, 145, p. 435-444.

Prache S., Kondjoyan N., Delfosse O., Chauveau-Duriot B., Andueza D., Cornu A., 2009. Discrimination
of pasture-fed from lambs fed dehydrated alfalfa indoors using different compounds measured in the fat,
meat and plasma. Animal 3, p. 598-605.

Prache S., Priolo A., Grolier P., 2003a. Persistence of carotenoid pigments in the blood of concentrate-fin-
ished grazing sheep: its significance for the traceability of grass-feeding. Journal of Animal Science 81,
p. 360-367.

Prache S., Priolo A., Grolier P., 2003b. Effect of concentrate finishing on the carotenoid content of perire-
nal fat in grazing sheep: its significance for discriminating grass-fed, concentrate-fed and concentrate-fin-
ished grazing lambs. Animal Science 7, p. 225-234.

Priolo A., Cornu A., Prache S., Krogman M., Kondjoyan N., Micol D., Berdagué J.L., 2004. Fat volatiles
to trace grass-feeding in sheep. Meat Science 66, p. 475-481.

Priolo A., Prache S., Micol D. and Agabriel J., 2002. Reflectance spectrum of adipose tissue to trace grass-
feeding in sheep : Influence of measurement site and shrinkage time after slaughter. Journal of Animal
Science 80, 886-891.

Provenza F.D., Villalba J.J., Dziba L.E., Atwood S.B., Banner R.E., 2003. Linking herbivore experience,
varied diets and plant biochemical diversity. Small Ruminant Research, 49, p. 257-274.

Renou J.P., Deponge C., Gachon P., Bonnefoy J.C., Coulon J.B., Garel J.P., Vérité R., Ritz P., 2004.
Characterization of animal products according to geographic origin and feeding diet using nuclear mag-
netic resonance and isotope ratio mass spectrometry: cow milk. Food Chemistry 85, p. 63-66.

Revello Chion A., Tabacco E., Giaccone D., Peiretti P.G., Battelli G., Borreani G., 2010. Variation of fatty
acid and terpene profile in mountain milk and “Toma piemontese” cheese as affected by diet composition
in different seasons. Food Chemistry 121, p. 393-399.

Reynaud A, Fraisse D., Cornu A., Farruggia A., Pujos-Guillot E., Besle J.M., Martin B., Lamaison J.L.,
Paquet D., Doreau M., Graulet B., 2010. Variation in content and composition of phenolic compounds in
permanent pastures according to botanical variation. Journal of Agricultural and Food Chemistry 58, p.
5485-5494.

Richter E.K., Spangenberg J.E., Klevenhusen F., Soliva C.R., Kreuzer M., Leiber F., 2012a. Stable car-
bon isotope composition of ¢9,t11-conjugated linoleic acid in cow’s milk as related to dietary fatty acids.
Lipids 47, p. 161-169.

Richter E.K., Spangenberg J.E., Willems H., Kreuzer M., Leiber F., 2012b. Stable carbon isotope compo-
sition of perirenal adipose tissue fatty acids from Engadine sheep grazing either mountain or lowland pas-
ture. Journal of Animal Science 90, p. 905-913.

Robinson S., Milner-Gulland E.J., Alimaev I., 2003. Rangeland degradation in Kazachstan during the
Soviet Era: re-examining the evidence. Journal of Arid Environments 53, p. 419-439.

46 Options Méditerranéennes, A, no. 109, 2014



Rohrle F.T., Moloney A.P.,Osorio M.T., Luciano G., Priolo A., Caplan P., Monahan F.J., 2011. Carotenoid,
colour and reflectance measurements in bovine adipose tissue to discriminate between beef from differ-
ent feeding systems. Meat Science 88, p. 347-353.

Rook A.J., Tallowin J.R.B., 2003. Grazing and pasture management for biodiversity benefit. Animal Re-
search 52, p. 181-189.

Sangwan N.S., Faaroqi A.H.A., Shabih F., Sangwan R.S., 2001. Regulation of essential oil production in
plants. Plant Growth Regulation 2001 34, p. 3-21.

Serrano E., Prache S., Chauveau-Duriot B., Agabriel J., Micol D., 2006. Traceability of grass-feeding in
young beef using carotenoid pigments in plasma and adipose tissue. Animal Science 82, p. 909-918.
Shingfield K.J., Bonnet M., Scollan N.D., 2013. Recent developments in altering the fatty acid composition

of ruminant-derived foods. Animal 7, p. 32-162.

Slots T., Butler G., Leifert C., Kristensen T., Skibsted L.H., Nielsen J.H., 2009. Potentials to differentiate
milk composition by different feeding strategies. Journal of Dairy Science 92, p. 2057-2066.

Stergiadis S., Leifert C., Seal C.J., Eyre M.D., Nielsen J.H, Larsen M.K., Slots T., Steinshamn H., Butler
G., 2012. Effect of feeding intensity and milking system on nutritionally relevant milk components in dairy
farming systems in the north east of England. Journal of Agricultural and Food Chemistry 60, p. 7270-
7281.

Taube F., Gierus M., Hermann A,, Loges R., Schénbach P., 2014. Grassland and globalization — challenges
for north-west European grass and forage research. Grass and Forage Science 69, p. 2-16.

Tornambé G., Cornu A,, Prade I.P., Kondjoyan N., Carnat A.P., Petit M., Martin B., 2006. Changes in ter-
pene content in milk from pasture-fed cows. Journal of Dairy Science 89, p. 2309-2319.

Valenti B., Martin B., Andueza D., Leroux C., Labonne C., Lahalle F., Larroque H., Brunschwig P., Le-
comte C., Brochard M., Ferlay A., 2013. Infrared spectroscopic methods for the discrimination of cows’
milk according to the feeding system, cow breed and altitude of the dairy farm. International Dairy Journal
32, p. 26-32.

Vasta V., Pagano R.l, Luciano G., Scerra M., Caparra P., Foti F., Cilione C., Biondi L., Priolo A., Avondo
M., 2012. Effect of morning vs. afternoon grazing on intramuscular fatty acid composition in lamb. Meat
Science 90, p. 93-98.

Vasta V., Yainez-Ruiz D.R., Mele M., Serra A., Luciano G., Lanza M., Biondi L., Priolo A., 2010. Bacterial
and protozoal communities and fatty acid profile in the rumen of sheep fed a diet containing added tan-
nins. Applied and Environmental Microbiology, 76, p. 2549-2555.

Villalba J.J., Provenza F.D., Manteca X., 2010. Links between ruminants’ food preference and their welfare.
Animal 4, p. 1240-1247.

Violle C., Navas M-L., et al., 2007. Let the concept of trait be functional! Oikos, 116, p. 882-892.

Waller P.J., 2006a. From discovery to development: Current industry perspectives for the development of
novel methods of helminth control in livestock. Veterinary Parasitology 139, p. 1-14.

Waller P.J., 2006b. Sustainable nematode parasite control strategies for ruminant livestock by grazing man-
agement and biological control. Animal Feed Science and Technology 126, p. 277-289.

Wilkinson J.M., 2011. Re-defining efficiency of feed use by livestock. Animal 5, p. 1014-1022.

Willems H., Kreuzer M., Leiber F., 2014. Alpha-linolenic and linoleic acid in meat and adipose tissue of graz-
ing lambs differ among alpine pasture types with contrasting plant species and phenolic compound com-
position. Small Ruminant Research 116, p. 153-164.

Wood J.D., Enser M., Fisher A.V,, Nute G.R., Sheard P.R., Richardson R.l., Hughes S.I., Whittington F.M.,
2008. Fat deposition, fatty acid composition and meat quality. Meat Science 78, p. 343-358.

Zarovali M.P., Yiakoulaki M., Papanastasis V.P., 2007. Effects of shrub encroachment on herbage produc-
tion and nutritive value in semi-arid Mediterranean grasslands. Grass and Forage Science 62, p. 355-363.

Forage resources and ecosystem services provided by Mountain 47
and Mediterranean grasslands and rangelands






A meta-analysis of climate change effects
on forage quality in grasslands: perspectives
for mountain and Mediterranean areas

B. Dumont’*, D. Andueza’, V. Niderkorn?, A. Liischer?,
C. Porqueddu?® and C. Picon-Cochard?

1INRA, UMR1213 Herbivores, F-63122 Saint-Genés Champanelle, France
2Agroscope, Reckenholz Tanikon Research Station ART, CH-8046 Zurich, Switzerland
3CNR-ISPAAM, Via Traversa La Crucca 3, 1-07100 Sassari, ltaly

4INRA, UR874 Grassland Ecosystem Research, 5 chemin de Beaulieu,
F-63100 Clermont-Ferrand, France

*e-mail: bertrand.dumont@clermont.inra.fr

Abstract. Atmospheric carbon dioxide (CO,), global mean temperature and inter-annual variability in tem-
perature and rainfall are expected to be significantly higher by the end of the 215t century. In order to review
the effects of these factors on forage quality, we carried out a meta-analysis based on climate manipulation
experiments. Afirst original output is the absence of effect of elevated CO, on structural carbohydrates (NDF,
ADF, lignin), and digestibility. Elevated CO, decreased by an average of 9% forage nitrogen (N) content, but
the concentration of N in the harvested biomass could be maintained as the result of increased legume abun-
dance. There were no consistent effects of warming on N, water-soluble carbohydrates, NDF, ADF and di-
gestibility. We highlighted the continuum in the effect of water availability from drought to irrigation, with a
curvilinear increase of forage N response as water availability decreased. Digestibility increased on average
by 10% with drought, but with strong experimental variations. Special emphasis is placed on the discussion
of the specificities of mountain and Mediterranean grasslands. Forage N content increased by an average of
9% as a response to warming in mountain areas compared with a 2% decrease in temperate plains. In
Mediterranean areas, forage N content was only reduced by 1% as the result of elevated CO,,. In conclusion,
we did not observe any dramatic change in forage quality induced by each climate change factor, but further
experiments should test for the effects of combined factors including extreme climatic events.

Keywords. Elevated CO, — Warming — Precipitation change — Nitrogen — Non-structural carbohydrates —
Fibres — Digestibility.

Une méta-analyse des effets du changement climatique sur la valeur des fourrages : perspectives pour
les zones de montagne et Méditerranéennes

Résumé. Tous les modéles climatiques prédisent une augmentation de la teneur en CO, atmosphérique, des
températures moyennes et une plus forte variabilité des températures et des précipitations d’ici la fin du
21éme sjgcle. Nous avons réalisé une méta-analyse & partir des expérimentations de manipulation climatique
en champ pour comprendre les effets de ces changements sur la valeur des fourrages. Un premier résultat
original est I'absence d’effet de 'augmentation de la teneur en CO, atmosphérique sur la teneur en fibres et
la digestibilité des fourrages. L’augmentation du CO, a réduit en moyenne de 9% la teneur en azote (N) des
fourrages, mais celle-ci peut cependant étre maintenue par I'augmentation de la part des légumineuses dans
les couverts. Nous n'observons pas d’effet de I'augmentation des températures sur I'N, les sucres solubles,
les fibres et la digestibilité des fourrages. Nous mettons en évidence le continuum de I'effet d’une sécheres-
se ou de lirrigation sur la réponse de I'N des fourrages qui augmente de maniere curvilinéaire avec la dimi-
nution de la disponibilité en eau. La digestibilité des fourrages a augmenté de 10% en réponse a la séche-
resse, mais cette valeur moyenne masque des disparités importantes entre essais. Nous discutons ensuite
les spécificités des zones de montagne et Méditerranéennes. L’augmentation des températures s’est tradui-
te par une augmentation de 9% de la teneur en N des fourrages en zone de montagne, alors que celle-ci
baisse de 2% en plaine tempérée. En zone Méditerranéenne, la teneur en N des fourrages ne baisse que de
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1% en réponse a I'augmentation de la teneur en CO,. Prises séparément, les variables du changement cli-
matique n’entrainent donc pas de baisse notoire de la qualité des fourrages, mais leurs effets combinés doi-
vent maintenant étre analysés, ainsi que ceux d’événements extrémes.

Mots-clés. CO, atmosphérique — Température — Précipitations — Azote — Sucres — Fibres — Digestibilité.

| — Introduction

Global atmospheric change consists of (i) an increase of the main greenhouse gases: CO,, metha-
ne and nitrous oxide and (ii) transient changes in temperature, precipitation and other climatic ele-
ments over the next decades to centuries. For the preparation of the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change (IPCC, 2013a) global projections of the earth’s cli-
mate have been developed using general circulation models for a set of new emission scenarios,
the so called Representative Concentration Pathways (RCPs). The latter are referred to as con-
centration pathways in order to emphasize that they are not definitive socioeconomic scenarios, but
rather internally consistent sets of time-dependent projections of climate forcing that could poten-
tially be realized with more than one underlying socioeconomic scenario (Collins et al., 2013).

The increase in atmospheric CO, concentration is the most reliable aspect of global atmospher-
ic change. The increase of atmospheric CO, concentration has been from 338 ppm to 398 ppm
between 1980 and 2014. According to the four widely varying RCPs, atmospheric CO, concen-
tration by 2100 could reach 421 ppm (RCP2.6, low), 538 (RCP4.5, medium-low), 670 ppm
(RCP6.0, medium-high) or 936 (RCP8.5, high) (IPCC, 2013b). With respect to RCP4.5 and tak-
ing the scenario uncertainty into account, the earth’s annual mean surface air temperature is
expected to increase relative to 1986-2005 by +1.1 to +2.6°C (Collins et al., 2013). Maximum
warming is expected to occur in the high latitudes of the northern hemisphere. In Europe, warm-
ing is projected to be strongest in the Northwest (NW), where it may reach +3 to +7°C in winter,
while the hotspot for warming in summer is projected in the Iberian Peninsula with +3 to +4°C
(IPCC, 2013c). Leliévre et al. (2010) reported that in southern France the boundaries of Medi-
terranean climate moved to the North and NW at the rate of 30-40 km per decade since 1980. In
winter, however, temperature increase in the Mediterranean region is projected to be relatively
mild (+1 to +2°C) by the majority of models. Increased inter-annual variability may be another sig-
nificant aspect of climate change, and this is of high ecological relevance. Using a regional cli-
mate model, Schar et al. (2004) predict for central Europe that year-to-year temperature vari-
ability will increase by up to 100% by 2071-2100. This would lead to more frequent heat waves
and droughts during the growing season. All climate models suggest that average precipitation
will increase although reductions are likely in some regions. For 2100 and the RCP4.5 an
increase in precipitation by +10 to +20% both in winter and summer is projected for Northern
Europe (IPCC, 2013c). For the Mediterranean region a slight reduction of precipitation of 0 to -
10% in winter and -10 to -20% in summer is projected. The magnitude of regional precipitation
change varies considerably amongst models, and in many areas is less than the standard devi-
ation of model-estimated natural variability.

The objective of this paper is to review the current knowledge on the effects of the impact of at-
mospheric change —elevated CO,, increased temperature, and drought— on a wide range of for-
age quality parameters. The basis of this review is a meta-analysis based on climate manipula-
tion experiments covering a wide range of climatic conditions and all types of grasslands (per-
manent grasslands, temporary grasslands, mixtures). Special emphasis is placed on the discus-
sion of the specificities of mountain and Mediterranean grasslands.
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Il - Impact of climate change on plant ecophysiology and
livestock digestion

Forage quality depends on nutrient concentration, which determines digestibility, partitioning of
metabolized products in the digestive tract and forage intake; it thus strongly affects animal per-
formance. Forage quality is estimated by chemical or biological analyses. Chemical analyses
include ash and nitrogen (N) content, total non-structural carbohydrate content (water soluble
carbohydrates: WSC and starch), and structural fibres (neutral detergent fibre: NDF, acid deter-
gent fibre: ADF, lignin: ADL). Biological analyses are mainly based on the estimation of the dry
matter digestibility either using ruminal fluid in vitro (Telly and Terry, 1963) or enzymes (Aufrére
and Demarquilly, 1989).

Climate change impacts livestock digestion in two ways, i) its effects on the physical and chem-
ical characteristics of forages, and ii) its direct effects on digestive processes. Ecophysiological
changes in plants in response to a heat stress depend on warming level and drought intensity.
Extreme climatic events lead to tissue senescence that strongly decrease forage quality. Under
moderate heat stress, plant maturation is faster, water content of plant tissues decreases while
WSC increase. Maturation of plants increases stem-to-leaf ratio and cell wall content, including
lignin which interferes with the digestion of cell wall polysaccharides by acting as a physical bar-
rier to microbial enzymes (Moore and Jung, 2001). High temperatures amplify the lignification
process by increasing cell lignification rather than the proportion of cells becoming lignified
(Wilson et al., 1991). Consequently, heat stress usually decreases DM digestibility (Lu, 1989).
However, under elevated CO,, an increase of WSC content and a corresponding decline in cell
wall content can increase DM digestibility (Picon-Cochard et al., 2004), which reveals complex
interactions between climatic factors.

It has been well documented that high temperatures decrease voluntary intake by ruminants due
to thermoregulation since most of heat production is due to rumen fermentations (Beatty et al.,
2008). O’Brien et al. (2010) showed that heat stress consequently reduced the performance of
growing cattle. Animals can adapt their foraging behaviour, e.g. reduce feeding bout duration,
and increase night feeding. In addition, increasing nutrient density (because dietary protein
degradability may become critical), and limiting high-fibre diets (to decrease heat production) can
help maintaining normal rumen function (West, 2003). Some direct impacts of heat stress on
digestion have also been reported such as a slower passage rate and a longer retention time of
digesta in the gastrointestinal tract (Silanikove, 1992). Slower passage rates may partly result
from changes in reticular motility (Miaron and Christopherson, 1992). Reduced daily intake, asso-
ciated with a decrease in volatile fatty acid concentration in the rumen and prolonged retention
of feed in the gastrointestinal tract, could increase forage digestibility (Schneider et al., 1988;
Miaron and Christopherson, 1992). Bernabucci et al. (2009) recently revealed that variations of
diet digestibility in ewes chronically exposed to heat stress could also result from adaptation of
rumen function to hot environments with less cellulolytic and amylolytic bacteria.

lll - A meta-analysis based on climate manipulation experiments

For conducting the meta-analysis, we created a database (references in Table 1) of climate chan-
ge effect (elevated atmospheric CO, concentration, warming, drought or irrigation, and their inter-
actions) on forage quality variables using the Web of Science in November 2013. Search terms
were ‘climate change’ and ‘forage quality’ or ‘nitrogen’ or ‘carbohydrate’ or ‘fibre’ or ‘phosphorus’
or ‘nutrients’ or ‘lignin’ or ‘digestibility’ or ‘NDF’ or ‘ADF’ or ‘ADL’. A total of 81 papers were select-
ed, but only 50 were used after excluding reviews and original papers with unavailable data (e.g.
ANOVA results were given rather than mean values) or infrequent quality variable (e.g. tannins,
macro-nutrients that were analyzed in less than six papers). Additional 21 papers were used to
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Table 1. Main characteristics of climate manipulation experiments used in the meta-analysis

Ecosystem? Vegetation type Quality variables Treatments Ref.
Semi-arid plains
Native rangeland GGCs, GCs, F N CO. [1]
Mixed-grass prairie GC;, GC, N CO,, T [2]
Mixed-grass prairie GC;, GC4 N/P CO, T [3]
Shortgrass steppe G, F, Sedges N D [4]
Subtropical plains
Tallgrass prairie GCs, GCy, F N, C/N T [5]
Phalaris aquatic, Trifolium GCs, L N, Dig, TNC CO,, T [6]
subterraneum 1
Arachis glabrata t L NDF, ADF, ADL, Dig CO,, T [7]
Holcus lanatus, Pennisetum GGCs;, GC4 N, C/N, ADL CO. [8]
clandestinum
Tallgrass prairie GGCs, F N T [9]
Temperate plains
Deschampsia flexuosa GCs C/N CO,, T,D [10]
Temperate grassland GCs, GCy, F, L N, NDF, ADF, WSC, Dig CO, [11]
Phleum pratense | GGC; N, P, WSC, starch, TNC, T [12]
NDF, ADF, ADL, Dig
Lolium arundinaceum GCs; N, C/N, NDF, ADL CO,, D, T [13]
Cichorium intybus, F, L N D [14]
M. sativa, T. pratense
Grassland species GGCs, F N CO, [15]
Lolium perenne GCs; N CO. [16]
Lolium perenne GG, N CO, [17]
Medicago sativa L TNC, NDF, ADF, ADL, D [18]
Dig
Lolium perenne GCs; WSC CO, [19]
Trifolium repens L N, Dig CO. [20]
Medicago sativa L N, NDF, ADL, Dig D,W [21]
Lolium perenne GGC; Starch, TNC CO, [22]
Grassland species GCs, GCy, F, L N, ADL CO, [23]
Semi-natural heathland GGCs, F C/N CO,, T,D,and all [24]
interactions
Festuca arundinacea GCs N, ADL CO, [25]
Temperate grassland GCs, GCy, F, L N CO, [26]
Phleum pratense 3 WSC, starch CO, T [27]
Pascopyrum smithii, GC,;, GC, N, TNC CO,, T, COXT [28]
Bouteloua gracilis
Plantago lanceolata, GGCs, F N, C/N T [29]
T. officinale, E. repens t
Trifolium ambiguum, L N, NDF, ADL, Dig w [30]
M. sativa, T. pretense
Perennial grass species GC; N, NDF, ADL W [31]
Legume species L N, NDF, ADF w [32]
Grass and legume species GCs, L, F N, NDF, Dig D [33]
Grass species 1 GC; N CO, [34]
Alopecurus pratensis GCs N, C/N D [35]
Holcus lanatus GCs N, C/N, WSC D [36]
Lolium perenne GCs N CO. [37]
Sub-arctic/arctic climate
Bog species GCs, F N, P T [38]
Semiarid steppe GGCs N w [39]
Deciduous dwarf shrubs Woody N T [40]
T. pratense, T. repens L N, NDF, ADL, Dig CO, [41]
Tundra Cyp N T, W [42]
Tundra Cyp N, C/N T [43]
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Mountain climate

Agrostis capillaris, Festuca GG, N, P CO, [44]
viviparia, Poa alpine

A.capillaris, F.vivi., P.alpina GC; WSC, starch, TNC CO, [45]
Festuca paniculata GGCs N, WSC TxD [46]
Perennial grassland GCs, F, L N T, TxD, TxDxCO, [47]
Mixed grass prairie GCs;, GC4 N CO, T [48]
Glacier forefield species GGCs, F N, C/N, WSC CO, [49]
D. glomerata, L. perenne GC; N, NDF, Dig W [50]
Perennial grassland species GCs; N, NDF, Dig W [51]
Shortgrass steppe GCs;, GC4 N CO, [52]
Meadow and shrubland F, Sedges N T [53]
Perennial grassland species F, L, Cyp N, WSC CO, [54]
Mixed-grass prairie | GCs, GCy, F N CO, [55]
Shortgrass steppe GC, N, Dig D [56]
Shortgrass steppe GCs, GC4 N, WSC, NDF, ADL, Dig CO, [57]
Shortgrass steppe GCs;, GC4 N CO; [58]
Perennial grasses GC, N, C/N CO, [59]
Perennial grassland GCs, F, L N, NDF, TNC, Dig CO, [60]
Gentiana straminea, F P T [61]
Potentilla anserine

Meadow GGC;, Cyp ADF, ADL, Dig T [62]
Mediterranean climate

Dactylis glomerata, Bromus GCs N, TNC CO, [63]
erectus t

Semiarid grassland species | GCs, F, L N, C/N, WSC CO, [64]
Annual grassland GGCs, F N, ADL CO,, T,W [65]
Annual grassland species GCs, F N CO, [66]
Annual grassland GGCs, F N CO, [67]
Grassland and forest trees F, L, Woody N, TNC CO, [68]
Forest and shrubland Woody N, C/N D [69]
Cynodon dactylon GC, N, P w [70]

Various climates
US grasslands GCs;, GC4 N, Dig T,D [71]

 Based on information provided by the authors and on Holdridge classification of biomes; T experiment in tun-
nels; L greenhouse; f growth chambers; G: grasses (C5 or C, photosynthetic types); F: non-N fixing dicots;
L: N-fixing dicots; Cyp: Cyperaceae; ADF: acid detergent fibre; ADL: acid detergent lignin; NDF: neutral deter-
gent fibre; Dig: digestibility; WSC: water soluble carbohydrates; TNC: total non-structural carbohydrates;
CO,: atmospheric CO, enrichment; T: warming; D: rainfall/irrigation reduction; W: irrigation

[1] Dijkstra et al. (2008), [2] Dijkstra et al. (2010), [3] Dijkstra et al. (2012), [4] Evans and Burke (2013), [5] An
et al. (2005), [6] Lilley et al. (2001), [7] Newman et al. (2005), [8] Ross et al. (2002), [9] Verburg et al. (2009),
[10] Albert et al. (2011), [11] Allard et al. (2003), [12] Bertrand et al. (2008), [13] Brosi et al. (2011), [14] Brown
et al. (2005), [15] Crous et al. (2010), [16] Daepp et al. (2000), [17] Daepp et al. (2001), [18] Deetz et al.
(1996), [19] Fischer et al. (1997), [20] Frehner et al. (1997), [21] Halim et al. (1989), [22] Hunt et al. (2005),
[23] Knops et al. (2007), [24] Larsen et al. (2011), [25] Newman et al. (2003), [26] Newton et al. (2010), [27]
Piva et al. (2013), [28] Read and Morgan (1996), [29] Rodgers et al. (2012), [30] Seguin et al. (2002), [31]
Sheaffer et al. (1992), [32] Sheaffer and Seguin (2009), [33] Skinner et al. (2004), [34] Soussana et al. (2005),
[35] Walter et al. (2012a), [36] Walter et al. (2012b), [37] Zanetti et al. (1997), [38] Aerts et al. (2009), [39]
Gong et al. (2011), [40] Hansen et al. (2006), [41] Muntifering et al. (2006), [42] Sharp et al. (2013), [43]
Welker et al. (2005), [44] Baxter et al. (1994), [45] Baxter et al. (1995), [46] Benot et al. (2013), [47] Cantarel
et al. (2013), [48] Carrillo et al. (2012), [49] Inauen et al. (2012), [50] Jensen et al. (2003), [51] Jensen et al.
(2010), [52] King et al. (2004), [53] Klein et al. 2007, [54] Korner et al. (1997), [55] LeCain et al. (2012), [56]
Milchunas et al. (2004), [57] Milchunas et al. (2005), [58] Morgan et al. (2001), [59] Newingham et al. (2013),
[60] Picon-Cochard et al. (2004), [61] Rui et al. (2012), [62] Xu et al. (2002), [63] Castells et al. (2002), [64]
Grunzweig and Kérner (2001), [65] Henry et al. (2005), [66] Hungate et al. (1996), [67] Hungate et al. (1997),
[68] Kbérner and Miglietta (1994), [69] Sardans et al. (2013), [70] Utrillas et al. (1995), [71] Craine et al. (2010).
The full list of references is available from the authors.
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complete the database, based on a second round of search with terms ‘warming’ or ‘drought’ or
‘water deficit’ or ‘water stress’ and ‘forage’ or ‘grassland’ and ‘nutritive value’ or ‘chemical com-
position’ or ‘digestibility’. A total of 71 papers were thus finally analyzed. Short-term climate ma-
nipulation experiments apply single or combined climate change factors in a controlled way and
thus allow testing scenarios. Outdoor experiments with natural ecosystem were preferred, but
some experiments performed in semi-controlled conditions were also selected. We included some
data on shrubs and tree foliage since they are occasionally browsed especially in Mediterranean
areas, and an altitudinal gradient experiment (Xu et al., 2002). Atmospheric CO,, concentration
was increased on average by 283 + 102 ppm (mean = SD, n = 340 observations from 41 experi-
ments in the database) compared with ambient CO,, 366 + 20 ppm,; air or canopy temperature was
increased by an average of 3.7 + 4.6 °C (n = 205 observations, 25 experiments) during the grow-
ing season compared with ambient temperature 12.3 + 5.4 °C, which broadly corresponds to the
medium-high RCP scenario (IPCC, 2013b). Precipitation were reduced by 49 + 34 % in drought
experiments (n = 83 observations, 14 experiments) and water supply was increased by 78 + 68 %
in irrigation trials (n = 111 observations, 9 experiments). Few experiments combined several fac-
tors (n = 113 observations, 12 experiments). The effect of climate change was sometimes ana-
lyzed according to season, N fertilization, and grazing or defoliation regimes. Forage quality was
measured on organs (leaf lamina, sheaths and stems), plant species, mixtures or plant communi-
ties. Species were therefore grouped according to functional group: C, grasses (GC;), C, grass-
es (GC,), Legumes (L), Forbs: non N-fixing dicots (F), Cyperaceae (C), or woody (shrubs).

IV — General trends

1. Elevated CO, effect

Elevated CO, decreased by an average of 9% forage nitrogen content and increased by about
30% the non-structural carbohydrates (total, soluble, starch) of forage tissues (Fig. 1a). Also
water soluble carbohydrates (WSC) increased, but with very high variability that could result from
the instability of soluble carbohydrates within plant tissues (source/sink relationships are affect-
ed by elevated CO,), but also from time of harvest, organs or analytical method. These respons-
es confirm the conclusions of several meta-analyses or reviews (Soussana et al., 2002; Lischer
et al., 2004; Hopkins and Del Prado, 2007; Soussana and Luscher, 2007; Wang et al., 2012; Xu
et al., 2013), but an original output from our meta-analysis is the absence of effect of elevated
CO, on structural carbohydrates (NDF, ADF, lignin), and digestibility.

Effects of elevated CO, on digestibility were measured in seven experiments (Table 1; Fig. 1a)
but only three (Allard et al., 2003; Picon-Cochard et al., 2004; Milchunas et al., 2005) simultane-
ously measured nitrogen, and structural and non-structural carbohydrates (average ratios of ele-
vated CO, / ambient CO, were: non-structural carbohydrates = 1.271; N = 0.929; NDF = 0.985;
ADF = 0.984; digestibility = 0.999). The results are thus close to the general trend (Fig.1a). In a
shortgrass steppe, Milchunas et al. (2005) however reported a decline of digestibility, which is
consistent with the slight decrease of non-structural carbohydrate and nitrogen contents while
fibre content increased. Differences between experiments could result from variations in species
composition (Allard et al., 2003), proportion of tissues with contrasting digestibility, and environ-
mental factors (e.g. soil nutrients). As a consequence of the increase in atmospheric CO, con-
centration, we can hypothesize changes in forage protein-energy balance that are likely to mod-
ify microbial synthesis in the rumen and affect digestibility (Soussana et al., 2002). Increase in
the non-structural carbohydrate content of forages could be an advantage for fast acidification of
forages while making silage, so that no or less additive would be necessary.

For all quality variables, we observed the same response between functional groups (Fig. 2). Within
grasses, only N and C/N ratio responded slightly differently between C; and C, grasses, with a
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Fig. 1. The mean effect size of a) elevated CO,, b) warming and c) drought on the main forage quality
variables.

lower N ratio for C (-13%) than for C, (-5%), and thus a higher C/N ratio for C; grasses. This is
consistent with the conclusions of Wang et al. (2012) who compared C, and C, species respon-
se, including woody species and crops, to elevated CO,,. This more neutral effect of elevated CO,,
on the N content of C, grasses, results from the photosynthesis and biomass accumulation of C,
species being less affected by elevated CO, than those of C, species.

Shifts in species composition in response to elevated CO, could however strongly impact overall
forage digestibility in grazed pastures (Morgan et al., 2004; Milchunas et al., 2005). The consider-
ably lower concentration of N under elevated CO,, observed for Lolium perenne leaves in pure
stands of the Swiss FACE experiment, was found to a much lesser extent for L. perenne grown in
mixture with Trifolium repens (Zanetti et al., 1997; Hartwig et al., 2000). Highly important, in the mix-
ture the proportion of N-rich T. repens increased at the expense of the N-poorer L. perenne from
21% at ambient CO,, to 33% at elevated CO,, (Hebeisen et al., 1997; Daepp, 2000). In more com-
plex mixtures containing other grasses, legumes and non-leguminous dicot species, the proportion
of legumes in the community also increased significantly under elevated CO, (Lischer et al., 1996;
Campbell et al., 2000), especially when the community was frequently cut (Teyssonneyre et al.,
2002). As a result, the concentration of N in the harvested biomass of the mixture showed no sig-
nificant reduction under elevated CO, (Llscher et al., 2004). These results demonstrate that the
response of plant communities cannot be predicted from the response of individual species grown
in pure swards, and that CO, induced changes in the proportion of species with differing forage
quality may be more important than CO, induced changes in the quality of individual species.
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Fig. 2. The mean effect sizes of elevated CO, on the main forage quality variables in grasses, forbs
and legumes.

2. Warming effect

The meta-analysis did not reveal any significant effects of warming on N, NDF, ADF, WSC and
digestibility (Fig.1b). Similar patterns were found for grasses, forbs and legumes although few da-
ta were available for forbs, legumes (Fig.3) and C, grasses. This contrasts with results from two
meta-analyses (Dieleman et al., 2012; Bai et al., 2013) and a survey on Medicago sativa (Walgen-
bach et al., 1981) concluding that warming slightly increased plant N content. Higher mineraliza-
tion in warmer soils can indeed increase soil N availability and consequently plant N uptake.
However, reduced soil moisture can also cause highly stressful conditions that are likely to miti-
gate the effects of an increase in soil N availability on plant uptake; this could explain contrast-
ing trends in the effect of warming on forage N content.

According to Buxton and Fales (1994) temperature is the main factor that influences the nutritive
value of forages. In general, a rise in temperature increases plant growth, reduces leaf: stem
ratios and increases NDF, ADF and lignin contents. Consequently, digestibility is usually reduced.
When changes in temperature occurred over the growing season, the effects of temperature,
ontogeny and maturity are confounded. In our meta-analysis, we compared the chemical com-
position of the same organs or plants under ambient or elevated temperature. The effect of warm-
ing has been shown to modify fibres and digestibility differently in leaves and stems (Wilson et
al., 1991). Here, the absence of clear effects of warming on plant chemical composition and di-
gestibility could result from the fact that measurements carried out on different organs were
mixed in the meta-analysis. It also suggests that the effects of warming on forage quality could
mostly be driven by the evolution of plant phenology.
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Fig. 3. The mean effect sizes of warming on the main forage quality variables in grasses, forbs and
legumes. Error bars represent 95% of confidence interval. Sample size for each variable is shown
next to the Y-axis.

Indirect effects of warming could also arise from shifts in sward botanical composition. The ampli-
tude of these indirect effects is assumed to vary according to climatic conditions and plant com-
munities (Izaurralde et al., 2011; Rodgers et al., 2012). Simulations in the Aubrac area of Central
France predicted a shift towards exploitative grasses of higher digestibility as the result of a 1.2°C
warming (Picon-Cochard et al., 2013). Cantarel et al. (2013) observed that an average 3.5°C
warming during 4 years decreased grass proportion by 10% at the expense of legumes (mainly
Vicia sp.), increasing forage N content in this upland permanent grassland.

3. Drought effect

Overall, experiments investigating the effect of drought on forage quality are rarer than those ma-
nipulating atmospheric CO, or temperature. In the meta-analysis, ten studies analyzed the effects
of drought on forage nitrogen concentration (six for C/N) with never more than five experiments for
other parameters (Fig. 1c). Drought led to an average 5% decrease in plant cell-wall (NDF) content.
Digestibility increased on average by 10%, with strong variations between experiments (Halim et
al., 1989; Deetz et al., 1996; Skinner et al., 2004; Milchunas et al., 2004; Craine et al., 2010). The
lack of clear drought effect could be the consequence of the small amplitude of NDF variations, a
small increase in lignin content sometimes counteracting the decrease of NDF. We highlighted a
continuum in the effect of variations in precipitation from reduction (drought) to irrigation on plant N
response, i.e. the ratio of N content between drought (or irrigation) and control values, with a curvi-
linear increase of forage N response as water availability decreased (Fig. 4). Variability of N and
C/N forage contents was greater compared with experiments in which atmospheric CO, or tem-
perature were manipulated (Fig. 1). Yet data from the literature on the effect of periods of low pre-
cipitation on plant N concentration are conflicting, with some authors reporting a reduction (Hayes,
1985; Craine et al., 2010) and others an increase (Murphy et al., 2002). A reason for this could be
the shifts in community structure that were observed as a response of grassland ecosystems to
drought. Increases in dominant perennial forbs and decreases in dominant grasses have for
instance been reported with warming and summer drought in the UK (Sternberg et al., 1999).
Legumes, such as white clover, decreased under drought conditions while other species such as
the deep-rooted chicory tended to yield well (Skinner et al., 2004). Variations in forage N content
can thus be expected since legumes are richer in N than other functional groups. Some legumes
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such as sainfoin or alfalfa are known to be drought tolerant and their persistence could maintain or
even increase forage N content. Finally, it is noteworthy that legume quality can increase under
drought conditions due to a higher leaf-to-stem ratio, delayed maturity, and higher quality of both
the leaf and stem fractions (Peterson et al., 1992).

100

80

60 [ .

-150 -100 -50 0 50 100 150
Variation in precipitation or irrigation (%)

N ratio between drought (or irrigation) and control (%)

Fig. 4. Effect of variations in precipitation from reduction (drought, i.e. negative values on the X-axis)
to irrigation (positive values) on plant N response, i.e. the ratio of N forage content between
drought (or irrigation) and control. Values at 0 on the X-axis are drought experiments in which
average precipitation was kept constant but increased in variability (Walter et al., 2012a,b).

V — Specificities of mountain and Mediterranean areas — further
research needs

1. Mountain areas

The meta-analysis allowed us comparing the outputs from 19 climate manipulation experiments
under mountain climate conditions, with those from 28 papers from temperate plains (Table 1).
Mountain was defined based on the altitude that was above 800 meters. Within temperate plains,
we considered lowland sites under either oceanic or continental influence, with mean annual tem-
perature above 6°C separating the latter from sub-arctic climate in Holdridge classification.
Applying some particular climate change factors in a controlled way and analyzing their direct
effects on forage quality did not allow identifying specific trends for the effects of elevated atmos-
pheric CO, in mountain areas (Fig. 5). Overall, N concentration was reduced by 10% (+ 5%) vs
11% (x 4%) in temperate plains. Water soluble carbohydrates were increased by 54% in mountain
areas (vs 27% for temperate plain) but with huge experimental variations that prevent concluding
on any significant difference. Only Picon-Cochard et al. (2004) and Milchunas et al. (2005) ana-
lyzed the effect of elevated CO, on the NDF content of upland swards; it was on average similar
to that in current CO,, conditions (Fig. 5b). A recent experiment revealed a slight but significant 3%
decrease in NDF herbage content as the result of elevated CO,, (+ 140 ppm), while N forage con-
tent decreased by 13%; consistently digestibility remained unchanged (Niderkorn et al., 2014).
Perhaps more significant are the theorized shifts in vegetation composition predicted in future
CO,-enriched environments, with some evidence in mountain areas (Teyssonneyre et al., 2002;
Stampfli and Zeiter, 2004). Rising atmospheric CO, concentration has the potential to cause sig-
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nificant alterations in grassland structure and function, with some outcomes leading to grasslands
that are more productive but of lower forage quality for domestic livestock (Campbell ef al., 2000).

The effects of increasing average air temperature (six experiments) or reducing precipitations
(three experiments) were even less analyzed in mountain areas. We identified some contrasting
trends on the direct effects of increasing air temperature since forage N content increased by an
average of 9% (+ 7%) under mountain climate conditions compared with a 2% decrease (+ 9%)
in temperate plains. This increase in forage N concentration in mountain areas is consistent with
the results from two meta-analyses (Dieleman et al., 2012; Bai et al., 2013). According to what
we discussed in section 3, it suggests non-limiting soil water conditions in most mountains areas
(at least in those where climate manipulation experiments have been conducted so far).
Consistently, productivity in subalpine grasslands in the Pyrenees was reported to be more tem-
perature-limited than water-limited (Sebastia, 2007). Shifts in plant community structure as the
result of warming could have further positive effects on forage quality, e.g. the increase of legume
abundance in perennial grasslands in the French Massif-Central (Cantarel et al., 2013), or of
exploitative grasses in the Aubrac region (Picon-Cochard et al., 2013). Effects of an extreme
summer event (i.e. a 2-week heat wave at +6°C combined with a 3-month summer drought) dif-
fered from those of moderate warming (+2°C). Niderkorn et al. (2014) found that both sward bio-
mass and quality dropped during the extreme event, but in the autumn the N content of re-grow-
ing tissues increased by 35% while NDF decreased by 7%; this led to a significant 8% increase
of forage in vitro digestibility, which contrasts with what is reported in Figure 5b.

NI 2 - Temperate plain = { | o —— Mountain
CIN L 3 —e— 1 2 —— 1
Pr Fo1 °
TNC | 3 —_——-— 1 °
WSC | 3 — 4 .
starch 2 —— o °
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Fig. 5. The mean effect sizes of elevated CO, on the main forage quality variables in mountains (> 800 m
a.s.l.) and temperate plains (oceanic or continental with annual temperature > 6°C). Error bars re-
present 95% of confidence intervals. The sample size for each variable is shown next to the Y-axis.

Only three experiments investigated the effect of reducing water availability on forage quality in
mountain grasslands. Consistent with the general trend reported in Figure 4, the N content of for-
ages increased with water shortage whether it was applied alone or in combination with other fac-
tors (Milchunas et al., 2004; Benot et al., 2013; Cantarel ef al., 2013). Water soluble carbohydra-
tes increased in subalpine grasslands as the consequence of an increase in air temperature and
of summer drought (Benot et al., 2013). In vitro digestibility of forages also increased in a short-
grass steppe as the result of water shortage (Milchunas et al., 2004).

More generally, warming and changes in water availability can modify the boundaries of produc-
tivity defined seasons and seasonal herbage surplus or shortage. A positive effect of warming in
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mountain areas would be the decrease in the length of the winter period. Shorter winters reduce
animal feed stock needs and allow an earlier start of sward growth which may allow a more inten-
sive exploitation (additional cuts or mowing at higher altitude) of resources when spring and sum-
mer droughts are not too severe (Nettier et al., 2010). A high year-to-year variability in temperature
and rainfall could however threaten the capability of high-altitude grasslands to provide high quali-
ty forages during summer. In the Pyrenees, shifts in botanical composition could have negative
effects on forage quality since some highly palatable grasses, such as Festuca nigrescens, were
negatively affected by climate change, while less palatable forbs (e.g. Potentilla neumanniana,
Euphorbia cyparissias) became abundant (Sebastia, 2007). Interactions between climate and man-
agement could be relevant in this context. Both grazing and changes in cutting regimes (e.g. early
cuts) could buffer the negative effects of climate change on forage quality, so that it is likely that pas-
ture management offers promising options for adapting livestock systems to climate change.

2. Mediterranean areas

The meta-analysis led us to analyze the data from only eight experiments, the effect of elevated
CO, being the most frequently tested (Table 1). Nitrogen concentration was recorded in all the
experiments. On average, forage N content was only reduced by 1% (x 9%) vs -11% (+ 4%) for
temperate plains. This could either result from shifts in vegetation communities or from a con-
centration of N in plant tissues under drought conditions (Fig. 4). Both WSC and TNC increased
as the result of elevated CO,, which is consistent with overall trends reported in Figure 1a. No
measurement of digestibility was made in any of these climate manipulation experiments. In
Mediterranean areas, the increment of plant biological activity can be slowed down by soil water
scarcity, but due to the lack of data we mainly base our discussion on measurements of the qual-
ity of forages adapted to Mediterranean areas.

Mediterranean grasslands quality is often limited by the lack of legumes. P-fertilization and lim-
ing on native pastures are effective methods to increase legumes in grasslands thus promoting
N fixation (Cocks and Gintzburger, 1993). Annual self-reseeding legumes (e.g., subclover and
medics) have been extensively used for pasture improvement in the Mediterranean basin for over
forty years; in resources-poor drylands, they represent a valuable source of protein that mitigates
the negative effects of drought and warming of forage production (Porqueddu, 2001). Possibilities
to exploit the genetic resources of perennial legumes that are able to escape summer drought
and regrow at the season break e.g. Sulla coronaria, Onobrychis viciifolia (Sulas, 2005; Re et al.,
2014) offer opportunities to stabilize both production and forage quality. Several breeding pro-
gram, especially in Australia and New-Zealand, focused on the production of deep-rooted and
drought tolerant perennial legumes (e.g., Caucasian clover, stoloniferous red clover, tallish clo-
ver, etc.), which have a high feeding value that declines slowly with maturity. Recent research
indicates that Psoralea bituminosa L. Stirton also has potential as a highly-nutritive forage legu-
me for Mediterranean disadvantaged areas (Reaside et al., 2013).

In perennial grasses, some Mediterranean varieties of tall fescue, cocksfoot and phalaris are
adapted for climate with annual rainfall >500 mm and accumulated summer water deficit <700
mm (Leliévre et al., 2008). Summer dormancy and dehydration tolerance are considered as the
main drought tolerance traits (Norton and Volaire, 2012). Porqueddu and Carneiro (unpubl. data)
conducted a multi-site comparison that revealed the higher digestibility of seven cocksfoot culti-
vars (except for subsp. hispanica Kasbah) compared with six tall fescue cultivars. Wide intra-spe-
cific variability was observed for N, NDF, ADF and ADL content, and digestibility. This experiment
showed that most perennial grass varieties that are able to persist over long summer drought
combine early autumn regrowth with high crude protein content (e.g., 23.5% for the Sardinian
ecotype Ottava). In winter and spring, crude protein content is halved and fibre content general-
ly decreases, which tends to buffer digestibility. Little work has been done on the selection of reed
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canarygrass and perennial ryegrass. According to Gutman et al. (2001), more information on the
effects of defoliation and grazing on biomass partitioning in perennial grasses is needed to im-
prove the forage quality and production efficiency in Mediterranean grasslands.

Pasture mixtures available in southern Europe consist in a small number of annual legumes (sub-
clover, medics, etc.) sometimes including low proportions of annual grasses (e.g. annual rye-
grass, ltalian ryegrass). In areas with higher rainfall, perennial grasses, such as cocksfoot and
reed canarygrass, are used in mixtures. It is also frequent to find complex mixtures including up
to 15-20 species (Porqueddu and Gonzales, 2006). Compared with pure stands, grass-legume
mixtures provide higher yields with better seasonal distribution and limit the spreading of unsown
species. The feeding value of the different grass-legume mixtures has been discussed by Maltoni
et al. (2007). Mixtures have less seasonal variations in quality compared with pure stands.
According to Norton and Volaire (2012), it may thus be possible to develop a stable pasture mix-
ture comprising summer dormant and summer active species/varieties so that any moisture avail-
able throughout the year can be utilized by one of the mixture component. Our meta-analysis did
not reveal any variations in the response of grasses, forbs and legumes to elevated CO,, warm-
ing and drought. Climate change is thus not expected to directly affect the chemical composition
of grasses and legumes, but could shift their relative abundance in mixtures according to the pre-
viously discussed adaptations of functional types.

VI - Conclusion

In this review, we analyzed the single effects of elevated CO,, warming or precipitation change on
the main forage characteristics. While many studies have investigated changes in nitrogen con-
tent, less information is available for non-structural carbohydrates. Fibres and in vitro digestibility
were recorded in a very limited number of studies, and were on average similar to those in current
climatic conditions. Overall, we thus did not observe any dramatic change in forage quality induced
by climate change factors, apart from those that may result from shifts in grassland botanical com-
position. The combined effects of climate change factors and the effect of extreme events were
seldom investigated. Our meta-analysis outputs (e.g. contrasting response of N to each factor in
Fig. 1), literature reviews (Dieleman et al., 2012) and some pioneer experiments testing combi-
nations of climatic factors (Read and Morgan, 1996; Larsen et al., 2011; Cantarel et al., 2013)
suggest that their combined effects on forage quality cannot be easily predicted from single fac-
tor responses. Further experiments should thus be carried out focusing on these combined
effects. In addition, response to extreme events can differ from those obtained under moderate
warming and drought (Benot et al., 2013; Niderkorn et al., 2014), and should thus be further test-
ed. Very few data are also available for Mediterranean areas, which prevented any comparison
apart from the response of N forage content to elevated CO,. The field manipulation experiments
we used in the meta-analysis have a strong predictive power, and allow a precise monitoring of
all system variables. However, they may exacerbate the effects of natural climatic changes on
plant ecosystem processes (Leuzinger et al., 2011), which might in turn affect forage quality.
Management options could buffer the effects of climate change on forage quality. However, they
were only investigated in a limited number of studies with mown grasslands (e.g. Zanetti et al.,
1997; Daepp et al. 2000; Picon-Cochard et al., 2004). Long-term experiments that follow vege-
tation dynamics as a response to climate variability (LTER in the US, SOERE in France, etc.) are
closer to natural pedoclimatic conditions, take account of climate variability (gradual natural
trends, extreme events), and allow testing for the effects of grazing management. It is thus like-
ly that predicting forage quality from grasslands in a changing climate will require both approach-
es to be pursued in a coordinated way.
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Abstract. Understanding the feeding choices of ruminants grazing pastures containing plant secondary com-
pounds (PSC) can help designing pastoral management strategies which stimulate the consumption of
rangeland vegetation, while preserving its biodiversity and regeneration potential. In this objective, a survey
was carried out with 35 breeders then 11 shepherds in the province of Boulemane in eastern Morocco. The
sheep farming systems investigated were based on the exploitation of natural vegetation of the steppes and
hills whereby alfa and sagebrush are predominant. The aims of the study were: (1) to determine the prefer-
ences of sheep in terms of plant species ingested, (2) to identify the main factors influencing these behav-
iours and (3) to relate these observations to the chemical composition of the parts ingested in particular the
plant secondary compounds (phenols and tannins). Despite the relatively varied species present on the
rangelands, only around 8-10 species were considered by shepherds as being relevant as forage resources.
The relative preferences of sheep between these species varied according to shepherds and sites. Farmers
implemented seasonal management strategies, based on the relative palatability and availability of the plant
species on the rangeland. Further analyses will determine the possible relation between plant composition,
grazing and supplementation management, and sheep preferences.

Keywords. Rangelands — Feeding behaviour — Secondary compounds — Grazing management — Local eco-
logical knowledge.

Ingestion de plantes contenant des composés secondaires par des brebis paturant sur parcours
dans la province de Boulemane (Maroc)

Résumé. Comprendre les déterminants des choix alimentaires dans des patures riches en composés secon-
daires peut aider a mettre en place des modes de conduite qui stimulent I'ingestion tout en maintenant la bio-
diversité et la capacité de régénération des végétations. Dans cette optique, une enquéte fut conduite aupres
de 35 éleveurs puis de 11 bergers dans la province de Boulemane dans I'est du Maroc. Les systemes d’éle-
vage ovins ciblés étaient basés sur I'utilisation des parcours de steppe et de colline, a facies d’alfa et d’ar-
moise principalement. Les objectifs de I'étude étaient les suivants: (1) déterminer les préférences des ovins
en termes d’especes végétales ingérées, (2) identifier les principaux facteurs qui influencent ces comporte-
ments et (3) corréler ces observations a la composition chimique des parties ingérées et en particulier a la
teneur en composés secondaires (polyphénols et tannins). Malgré la diversité d’especes présentes sur les
parcours, seulement 8-10 especes étaient pergues comme ressources fourrageres par les bergers. Les pré-
férences pergues variaient selon les bergers et les parcours. Les éleveurs adaptaient leur stratégie de
conduite selon la saison, en fonction de I'appétence relative et de la disponibilité des plantes sur les parcours.
Des analyses complémentaires devraient permettre de comprendre les liens entre composition chimique des
plantes, ingestion, complémentation et préférences des ovins.

Mots-clés. Parcours — Comportement alimentaire — Composes secondaires — Conduite du péturage —
Savoirs de bergers.
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| — Introduction

Rangelands are important sources of forages for the rearing of small ruminants particularly in the
arid regions (Allen-Diaz et al., 1996). They provide cheap forage but also support ecological serv-
ices (carbon sequestration, biodiversity preservation, water quality (Havstad et al., 2007). In the
Mediterranean region, rangelands are often degraded, either by under-utilization causing shrub
encroachment and increased fire risk (southern Europe) or by over-utilization resulting in the dis-
appearance of perennial species and the development of low-palatable, invasive species and
bare ground, with consequent erosion, soil end fertility losses (Northern Africa). In Mediterranean
rangelands, many typical browse species and a number of forb species contain considerable
amounts of condensed tannins or other PSCs (Jouven et al., 2010).

Plant secondary compounds (PSCs) are substances produced by the plants to resist herbivory and
as such generally limit grazing by causing aversion in terms of astringencies and even toxicity when
ingested (Jensen et al., 2013). At pasture, the profile of plant species and plant parts ingested by
ruminants is affected by many factors among which the presence of PSCs (Provenza and Ropp,
2001). Diet composition in PSC-rich pastures might be determined by the types and amounts of
PSCs in the plant parts and the association of nutrients and toxins in the whole diet, with possible
compensations due to nutrient-toxin and toxin-toxin interactions (Provenza et al., 2003).

Understanding the feeding choices of ruminants grazing PSC-containing pastures can help de-
signing pastoral management strategies which stimulate the consumption of rangeland vegeta-
tion, while preserving its biodiversity and regeneration potential. The aim of this work was to
assess, based on farmer’s knowledge, the consumption of PSC-containing plants by sheep graz-
ing Mediterranean rangelands and the possible interactions with the feeding management. This
paper presents the preliminary results of this study.

Il — Materials and methods

The area investigated was the natural rangelands in the province of Boulemane (in the Middle
Atlas of Morocco) on three sites (Boulemane, El Ksabi and Guigou). Interviews were carried out
with 35 local farmers in order to describe the local farming systems and identify a few experi-
enced shepherds which would accept to discuss about sheep feeding behaviour and manage-
ment practices. Extensive interviews were carried out with 11 shepherds, following the method of
Meuret (1997). They were done out on the rangeland, while the shepherd guided the flock, and
included, at the end, the identification of a number of local plant species based on photographic
clichés. The objective of these interviews was to collect information on the local ecological knowl-
edge of shepherds in terms of plant species ingested, preferences, aversions, grazing patterns,
seasonality and circumstantial grazing if any. In order to assess plant nutritional and anti-nutri-
tional compounds, vegetation samples of plant parts ingested by sheep were collected on the
rangelands, dried at 40°C then analysed with near infra-red spectroscopy (NIRS) for chemical
composition; laboratory analyses (Landau et al., 2004) were performed to determine polyphenol
and tannin contents (PSCs).

Il — Results and discussion

1. The farming systems in the three sites surveyed

At Boulemane (average altitude of 1900 m) sheep farming dominates, and the animals are gra-
zed on steppes and hillsides. El Ksabi (average altitude of 1100 m) is located between Boulema-
ne city and Missour and is an area of oasis with olive orchards and cereals fields. The third local-
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ity surveyed was around the town of Guigou (average altitude of 1500 m) and is characterised
by woody hills. Sheep graze dry rangelands all year round in Guigou. In Boulemane, due to cold
and snowy winters and in Eksabi, due to forage scarcity, flocks are moved to other areas (for ex.
near Guigou) for winter grazing.

For all the sites surveyed, flock size was quite uniform at around 200 heads with Timahdite being
the main ovine breed, chosen for its adaptation to cold during winter months. Herd composition
was mainly sheep in Boulemane and Guigou whilst in El Ksabi almost half of the herd was goats
due to the relatively warmer and drier conditions in the area and the presence of bushes similar
to Ziziphus lotus (L.) Lam which is consumed mainly by goats. All the farmers complained about
lack of water both for livestock drinking and biomass development. Shepherds main preoccupa-
tion was to use the resources available to maintain a sizeable flock for as long as possible with-
out recurring to supplementation.

2. Diversity of forage species on the rangeland and sheep preferences

From the interviews of the shepherds, it was found that shepherds considered only a limited num-
ber of species (the most abundant) as being relevant for grazing. In Boulemane, the main species
cited by shepherds were Stipa sp. (local name: halfa), Thymus ciliatus (azoukini), Poa sp. (tawar-
ra), Santolina rosmarinifolia (shiha), Eruca vesicaria (haarein), Rosmarinus officinalis (azir),
Ranunculus sp (lafoudfoulous) and Adonis aestivalis (shook). In El Ksabi, shepherds identified
Stipa tenasissima (halfa) as the main forage species and Perganum harmala (harmal), Artemisia
herba-alba (shiha) and Thymus ciliatus (azoukini) as the other significant forages found on the
rangelands. In Guigou, Quercus rotundifolia (karoush), which was considered by shepherds as
the main source of forage in winter. The other species considered as important by shepherds
were Poa sp. (tawarra), Thymelea sp. (talzazat), Scorzonera pygmaea (tinegmit), Genista quadri-
flora (casdir) and Nonaea mucronata (agarbaz).

The relative preferences of sheep between these species varied according to shepherds encoun-
tered and sites: thus in Boulemane and Guigou, the most preferred species were those bearing
flowers such as Eruca vesicaria and Scorzonera pygmaea whilst in El Ksabi, the biodiversity of
the rangelands appeared to be poorer and so the species preferred was Stipa sp. However, these
preferences change with the season due mainly to the availability. For example, in summer,
Perganum harmala which is generally disregarded by sheep, is well grazed probably due to the
scarcity of other species and also because when wilted it is less “smelly” which is a peculiarity of
that species and could be the cause of the avoidance observed in sheep. Interestingly, some
species which are quoted in the literature (Berkat et al., 2004) as edible forage species for the
area, such as Dactylis glomerata, Hieracium pseudopilosella Medicago suffruticosa and Globu-
laria alypum were not cited or noted in the rangelands surveyed. Tentative explanations may be:
a) there is a rarefication of these species or more plausibly b) they are not predominant in the
limited zone which was covered in the study. Strikingly, during the course of the conversations
with some shepherds, species which are reported as toxic in literature (Lamnaouer and Abden-
nebi, 1994) such as Astragalus sp. and Androcymbium gramineum when shown on printed pic-
tures were reported not only as harmless but even as preferred species which sheep look for.
This may either indicate confusion by shepherds due to the similarity of the photos shown with
other species or the ability of sheep to overcome the toxic effects.

3. Chemical composition and PSC content of the species identified

In terms of nutritive value of the plants species collected from the rangelands in the area of study,
there were wide variations in the parameters measured depending on species, stage of growth
and plant parts analysed. Thus, the crude protein content (%DM) for example ranged from 4.0%
to 24% in Poa sp., from 9.7% in green Festuca sp. to 17.2% in wilted Festuca sp. or from 4.0%
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in the twigs to 16% in the leaves in Santolina rosmarinifolia. In general, as expected, leaves sho-
wed higher crude protein and lower fibre content than twigs or stem.

In terms of PSCs, the polyphenols ranged from 0.72% in Thymus ciliatus leaves to more than
4.05% in Quercus rotundifolia leaf and twig mixture. PSC concentration varied depending on the
part analysed, thus we found 3.6% of polyphenols in the seeds of Perganum harmala but only
1.13% in the leaves. The condensed tannins (CT) levels ranged from 0.09% in Stipa sp. inflo-
rescence to 1.0% in Quercus rotundifolia. They were positively correlated to the level of polyphe-
nols. In this study, the levels of PSCs may have had a very limited effect on the preferences as
voiced by the shepherds. In fact, in the case of Perganum harmala, the seeds which contain
almost 3 times more polyphenols than the leaves are preferably ingested by the sheep. Such
observations may be accounted for by the relatively low levels of both polyphenols and CTs in all
the species analysed. These levels are below the generally accepted threshold of 2.5% which is
considered by many authors as being the level at which toxic effects occur (Frutos et al., 2004,
Waghorn et al., 2003) although there is no hard and fast rule due to complex interactions
amongst the different types of PSCs and nutrients (Provenza et al., 2003).

IV — Conclusion

According to the sayings of shepherds, sheep keeping on the rangelands in the study area has
changed very little in the past decades. The poorer forage availability experienced in recent years
in Boulemane and El Ksabi was associated with water scarcity rather than with grazing practices.
Tannins though ubiquitous are not found at very high levels in the plants of the steppe and do not
seem to interfere with sheep feeding behaviour. Plant tannins content apparently had no notice-
able bearing on the decision making of shepherds.
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Abstract. In 12 Turkish provinces grass pea has been cultivated for a long time. Throughout these provinces
52 grass pea landraces seeds were collected from 52 different districts. Genetic affinity levels among and inside
the genotypes were determined by ISSR method. The data obtained from genetic analysis were processed by
using NTSYSpc and a dendrogram has been generated. Similarity coefficients among the genotypes ranged
from 0.43 to 0.82. B-3-(-N-oxalyl)-L-2, 3-diamino propionik asit (3 —ODAP), homoarginine and asparagine
analysis were done in grass pea seeds also, by using capillary electrophoresis. The data of this work reflects
that B —ODAP, homoarginine and asparagine contents of grass pea local landraces vary in a wide range from
very low to high levels. A positive correlation between homoarginine and 3 —ODAP quantities in seeds of 52
Lathyrus local landraces was proven in this work. Also, a correlation between asparagine and R —ODAP lev-
els was observed in some accessions. Because of grass pea genotypes with higher yield and low 3 —ODAP
content are relevant for future genetic and breeding studies, all of these accessions should be preserved as
a genetic material.

Key words. Grass pea — Turkey - Genetic affinity — 3 —ODAP — Homoarginine — Asparagine.

Affinité génétique, teneurs en B-ODAP, homoarginine et asparagine des variétés locales de gesse de
Turquie

Résumé. Dans 12 provinces de Turquie, la gesse est cultivée depuis longue date. Dans ces provinces, des se-
mences de gesse de 52 variétés locales ont été cueillies dans 52 districts différents. Les niveaux d’affinité géné-
tique inter et intra-génotypes ont été déterminés par la méthode ISSR. Les données obtenues a partir de I'ana-
lyse génétique ont été traitées par NTSYSpc et un dendrogramme a été créé. Les coefficients de similarité entre
les génotypes allaient de 0,43 a 0,82. Des analyses de -3-(-N-oxalyl)-L-2,3-diaminopropionic acid (3-ODAP),
homoarginine et asparagine ont été effectuées également sur les semences de gesse, par électrophorése capi-
llaire. Les données de ce travail refletent que les teneurs en B-ODAP, homoarginine et asparagine des variétés
locales de gesse varient dans un large intervalle, depuis des niveaux tres faibles jusqu’a des niveaux élevés.
Une corrélation positive entre les quantités d’homoarginine et de B-ODAP dans les semences des 52 variétés
locales de Lathyrus a été trouvée dans ce travail. Une corrélation entre les niveaux d’asparagine et de 3-ODAP
a également été observée dans certaines accessions. Etant donné que les génotypes de gesse présentant un
meilleur rendement et une faible teneur en 3-ODAP sont importants pour de futures études de génétique et
d’amélioration, toutes ces accessions devraient étre conservées comme matériel génétique.

Mots-clés. Gesse — Turquie — Affinité génétique — 8-ODAP — Homoarginine — Asparagine.

| — Introduction

Grass pea (Lathyrus sativus L.) has an amazing capability to survive under harsh environmental
conditions (Campbell, 1997). Grass pea seeds have high nutritional value, with 26-30% protein
content (Hanbury et al., 2000). However widespread and abundant production and usage of L.
sativus seeds as a food legume in human and animal diet has been prevented due to the pres-
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ence of a free amino acid with neurotoxic effects: - N-oxalyl-L-o,R-diaminopropionic acid (1
—ODAP) is suggested to be the causative agent for a paralysis of the lower limbs, known as “neu-
rolathyrism”. In addition to ODAP, L. sativus contains other free amino acids, such as homoargini-
ne, which also play an important role in physiological and biochemical processes. There are con-
troversial reports about the effects of homoarginine. Homoarginine has been proposed to modu-
late the toxicity of R —ODAP (Shamin et al., 2002).

Results have been successful in many studies in order to determine the phylogenetic relation-
ships between and within Lathyrus populations using the ISSR primers. The aim of this paper was
to provide information on the 3 —ODAP, homoarginine and asparagine contents and genetic affin-
ity of grass pea populations cultivated in Turkey.

Il — Materials and methods

From various regions of Turkey, 51 grass pea and one Lathyrus clymenum local landraces were
collected and cultivated in the experimental fields of Ondokuz Mayis University. One released cul-
tivar was also included in the research. The seeds harvested in the year of 2011 were analysed
for 3 —ODAP, homoarginine and asparagine by a new, validated and simple capillary electro-
phoretic method. Calibration graphs were prepared by using standard mixtures. ODAP and amino
acids were extracted from dry powdered grass pea seeds (0.50 g) by ethanol-water (30:70, vlv,
50.0 mL) mixture (Onar et al., 2014). DNA analysis was performed in 5 plant stools by using
appropriate primers and the method of ISSR to examine the genetic proximity.

Il — Results and discussion

The most abundant of the three measured amino acids was homoarginine (Fig. 1). The concen-
tration of homoarginine ranged from 2.14 mg/g to 1.27 mg/g (w/w). This amino acid was followed
by 3 —ODAP and the concentration ranged from 1.04 mg/g to 8.68 mg/g (w/w). For asparagine,
the minimum concentration was 0.06 mg/g (w/w) while the maximum was 4.74 mg/g (w/w) of seed.
Polignano et al. (2005) reported 3 —ODAP grass pea seed concentrations as 0.24-0.64% in 47
progenies. Fikre et al. (2008) indicated that homoarginine was up to 0.8%,  —ODAP was between
0.02% and 0.54% while asparagine content was between 0.01% and 0.06% in 9 genotypes.

Comparison of these results with the data of this work reveals that homoarginine, 3 —ODAP and
asparagine concentrations of 52 Lathyrus local landraces seeds spread from low to high levels.
Linear regression model of ANOVA revealed a positive significant correlation between 3 —ODAP
and homoarginine concentrations of seeds (Fig. 1). This is very important because homoarginine
can modulate the toxicity of 3 —ODAP (Shamin et al., 2002).

This finding is in agreement with literature information of Piergiovanni and Damascelli (2011).
Although there is a significant positive correlation between 3 —ODAP and asparagine concentra-
tions for some genotypes as can be seen in Fig. 1.

The R —ODAP content of grass pea is known to vary widely, both among genotypes and environ-
ments (Campbell, 1997). We compared the data of 3 —ODAP with the data published by Basaran
et al. (2011) that belongs to the same Lathyrus local landraces (used the same analysis method).
A statistical difference between R —ODAP contents of 2011 harvest and collected samples in 2007
was found at 95% confidence level. The 3 —ODAP data of this work reflect the differences due to
the environment, because grass pea seeds of this study were obtained by cultivation of samples
collected by Basaran et al. (2011).

The concentrations of the isolated DNA samples ranged between 17.3 nanogram/milliliter (ng/mL)
and 267.5 ng/mL. In the used primers, the band sizes in each genotype were obtained ranging
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Fig. 1. Proportions of B —ODAP, homoarginine and asparagine in seed extracts of 52 grass pea popu-
lations.
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between 0.23 kilo base (kb) and 1.28 kb. The DNA samples from grass pea genotypes were ana-
lysed through the program of NTSYSpc 2.0 after screening and scoring via ISSR primers. The
lowest genetic relationship was determined between the genotype numbered 4402 and cultivar
Gurbuz with the value of 0.244. The maximum genetic relationship was determined between the
genotype numbered 4404 and the genotype numbered 5002 with the value of 0.825. Further-
more, the analyses except cultivar Gurbuz showed that genetically the furthest genotypes were
found to be the genotypes numbered 1802 and 5004 with the similarity coefficient of 0.313. The
average values of genetic distances among all genotypes identified as 0.592. Ten main groups
were formed in dendrogram (Fig. 2). The genotypes collected from similar ecological conditions
have been found to combine as the basis of the subgroup of genotypes. Probably there has been
seed exchange among the local farmers.

IV — Conclusions

The Lathyrus local landraces were collected from traditional farmers in various regions of Turkey.
The data of this work reflects that 8 —ODAP, homoarginine, asparagine contents and genetic affin-
ity of grass pea local landraces vary in a wide range from very low to high levels. Although all of
these accessions should be preserved as a genetic material, the grass pea genotypes with high-
er yield and low 3 —ODAP content are relevant for future genetic and breeding studies.

A positive correlation between homoarginine and R —ODAP quantities in seeds of 52 Lathyrus local
landraces was proven in this work. This is very important because homoarginine can modulate the
toxicity of 3 —ODAP (Shamin et al., 2002). The results obtained from this work and the other study
conducted with the same landraces showed that environment highly affected 3 —ODAP content of
Lathyrus seeds.
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Livestock winter feeding in prehistory:
role of browse leaves, annual twigs of
woody plants, senescent grasses,
Hedera helix and Viscum album
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Abstract. Browse plants, Viscum album, Hedera helix and annual twigs were probably the principal winter
feeding of livestock in prehistory. We investigated the nutritional value of leaves and annual twigs of 13 prin-
cipal broad-leaved woody species together with Viscum album and Hedera helix, some of them recorded by
archaeologists as exploited for livestock foddering and others rarely used. We collected their annual twigs
and senescent grass biomass in February in the Czech Republic. Concentration of nitrogen, phosphorus,
fibre fractions NDF, ADF and lignin were analysed in all samples. Carpinus, Fagus and Quercus had low nutri-
tive value whereas Ulmus, Fraxinus, Tilia and Acer with the highest nutritive value. Winter twigs had lower nu-
tritive value than their leaves, meadow hay or senescent steppe grasses. Hedera and Viscum in winter had
substantially higher nutritive value than twigs of woody plants. Livestock winter feeding by woody species
could have important consequences on livestock breeding and on forests in Europe during last 10000 years.

Keywords. Cattle — Forest vegetation — Neolithic — Year-round grazing.

L’alimentation de bétail pendant I’hiver dans la préhistoire : le réle en tant que fourrage des feuilles,
des branches annuelles des arbres, et des graminées sénescentes, Hedera helix et Viscum album

Résumé. Dans la préhistoire, les arbres, Viscum album, Hedera helix et des branches annuelles ont été pro-
bablement le fourrage principal pour le bétail pendant I'hiver. Nous avons étudié la valeur nutritive des feuilles
et des branches annuelles de 13 especes des ligneux y compris Viscum album et Hedera helix, certaines d’en-
tre-elles ayant été identifiées par les archéologues comme exploitées pour I'alimentation du bétail et d’autres
non-exploitées. Nous avons collecté leurs branches annuelles et des graminées sénescentes en février dans
la République tcheque. Les concentrations en azote, en phosphore, les teneurs en fibres NDF, ADF et en ligni-
ne ont été analysées dans les échantillons. Carpinus, Fagus et Quercus ont eu une valeur nutritive faible, alors
que celle-ci était élevée pour Ulmus, Fraxinus, Tilia et Acer. Les branches annuelles on eu une valeur nutritive
plus basse que celle de leurs feuilles, du foin ou de la biomasse sénescente sur les prairies. Hedera et Viscum
ont eu en hiver une valeur nutritive plus élevée que celles des branches des arbres. L’alimentation du bétail
pendant 'hiver par des especes ligneuses a pu avoir des conséquences importantes sur I'élevage et la survie
du bétail et sur le développement des foréts en Europe pendant les derniers 10000 ans.

Mots-clés. Bovins — Végétation des foréts — Néolithique — Paturage annuel.

| — Introduction

It is generally accepted that the livestock of prehistoric farmers in Central and Northern Europe
grazed on pastures, fallows, stubbles and in forests during the vegetation season. During the
winter time livestock was probably fed by leaves of main broad-leaved woody species, harvest-
ed and dried during the vegetation season (Rasmussen, 1993). Livestock was probably also part-
ly fed by winter collected twigs (Haas et al., 1998). Leaf-foddering should thus have played the
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main role in winter feeding of livestock in Europe since the beginning of farming and animal hus-
bandry till fabrication of first scythes which enabled cutting of grasslands and hay making
(Hejcman et al., 2013). Therefore, hay making step by step replaced foddering by browse species,
although browse leaf fodder was used as a supplement to winter hay feeding in some regions up
to the present (Slotte, 2001). The theory of leaf foddering in the Neolithic is based on archaeolog-
ical evidence of woody species recorded in coprolites of goats, sheep and cattle discovered in
Switzerland, Germany and in France (e.g. Rasmussen, 1993; Delhon et al., 2008).However stor-
age of dried browse leaves for winter use could be insufficient, hence year-round livestock graz-
ing without any or with a very limited amount of supplementary feeding could be thus most prob-
ably the dominant means of livestock grazing system in Central Europe since the Neolithic up to
the 18t century. This rises a question which plants could be grazed or browsed by livestock dur-
ing winter in a forest and how such type of forage could satisfy requirements of livestock for nutri-
ents. Thus the objective of this work was to determine the nutritive value of winter collected annu-
al twigs of the main woody species (Acer platanoides, Betula pendula, Carpinus betulus, Corylus
avellana, Fagus sylvatica, Fraxinus excelsior, Populus tremula, Quercus robur, Salix caprea, Tilia
cordata and Ulmus glabra), leaves of mistletoe (Viscum album) and ivy (Hedera helix), and to com-
pare them with senescent winter steppe grassland biomass and meadow hay.

Il — Materials and methods

We collected leaf biomass and annual twigs with buds of 13 woody species common in Central
Europe at least since the Neolithic (5600 BC). Samples were taken from at least three individu-
als of each species at four sites in February 2013. Selected sites were broad-leaved forests and
their margins in the Czech Republic: We collected in total 52 (13 species x four site replicates)
annual twigs and winter leaf biomass samples which were then oven-dried at 60 °C for 48 hours
and ground to powder.

In twig and leaf samples, the concentration of nitrogen (N) and phosphorus (P) and the content of
neutral- (NDF) and acid- detergent fibre (ADF) and acid detergent lignin (ADL) were determined
by standard analytical methods and according to AOAC (1984) in an accredited laboratory.

Data tested by the Kolmogorov-Smirnov test of normality, met assumptions for the use of para-
metric tests. One-way ANOVA followed by post-hoc comparison using the Tukey’s multiple range
tests in Statistica 9.0 program (StatSoft, Tulsa, USA) were used to identify significant differences
in concentrations of nutrients and NDF, ADF and ADL contents among species.

Ill — Results and discussion

There were significant differences in the concentration of all investigated nutrients in annual twigs
and winter biomass among browse plant species. Viscum was the plant with highest concentra-
tion of N, P and the lowest NDF and very low ADL content. Very similar nutrient pattern was found
in Hedera. On the other hand, concentration of N was the lowest in Fraxinus and Populus, P was
lowest in Quercus, Carpinus and Fagus. Content of NDF was rather high in Carpinus and Fagus,
similarly as the indigestible ADL together with Betula (Table 1).

Winter green leaves such as Hedera and Viscum belong to the best forage which might have been
available in forests during the winter. Their nutritive value, according to the highest N and lowest
NDF and lignin concentrations, was higher than the nutritive value of all winter collected annual
twigs of woody species. Their high nutritive value is comparable only with winter leaves of Rubus
fruticosus (Verheyden-Tixier et al., 2008) which was also among plant species recorded in Neolithic
coprolites of sheep/goat in the Grande Rivoire rock shelter in France (Martin, 2011). According to
macro-remains of Viscum found at archaeological localities (Kihn et al., 2013), we deduce that
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the ancient farmers collected Hedera and Viscum during the wintertime intentionally and used
them for the feeding of animals, because they are the richest source of N and P in winter. Viscum
was collected, although the amount of its biomass was relatively small in forests in comparison
to the biomass of woody species and its collection was laborious. Therefore, we suggest that
Viscum was probably used as a supplement for feeding of privileged animals such as lactating
and pregnant cows or goats with the highest N and P requirements, researched by farmers inten-
tionally. Nowadays the high nutritive value of Viscum is also well known to hunters in Austria or
in the Czech Republic who still use the biomass of Viscum to attract deer to particular places dur-
ing the winter. Similarly to Viscum, Hedera has higher nutritive value than annual twigs of woody
species and this is why it was probably selectively grazed by livestock in winter. In the experi-
ment by Van Uytvanck et al. (2009), for example, Hedera completely disappeared from forest
managed for several years by year-round cattle grazing. Therefore a decrease in the pollen pro-
duction of Hedera in different periods (e.g. Bottema, 2001) could be considered as an indicator
of human activities in forests connected with livestock breeding.

Table 1. Concentration (means * standard error of mean) of nitrogen (N), phosphorus (P), neutral
detergent fibre (NDF) and acid detergent lignin (ADL) in annual twigs of browse plants.
Calculated by one-way ANOVA, differences among species for all chemical properties were
significant (P<0.01). Using the Tukey post-hoc comparison test, species with the same letter
were not significantly different

Species N (g kg™) P (g kg™ NDF (g kg™) ADL (g kg™)
Acer platanoides 156+ 142 1.8+0.22 577 + 14¢d 225 + 14 def
Betula pendula 13.9+042 16+0.12 600 + 24cd 266 +24f
Carpinus betulus 14.7+0.82 1.3+0.1°2 642 + 274 206 + 10 bedef
Corylus avellana 17.9+2.1a 1.8+0.22 551 + 58 bed 255 +20°
Fagus sylvatica 144+112 1.3+0.1° 632 + 314 261+17f
Fraxinus excelsior 124 +0.72 15+0.12 587 + 31¢d 144 £ 152
Hedera helix 16.9+1.02 1.4 +£0.052 392+92 112+5°2
Populus tremula 125+0.72 15+0.22a 577 + 38¢cd 226 + 20 def
Quercus robur 14.0+0.32 1.2+0.12 582 + 29¢d 238 + g ¢f
Salix capraea 15.9+0.62 21022 488 + 10 abe 207 + 18 bedef
Tilia cordata 152+ 1.2@ 1.9+0.22 596 + 23¢d 215 + 9 cdef
Ulmus glabra 146+062 1.5+0.052 456 + 6 abe 213 + @ bedef
Viscum album 21.1£23°b 24£04° 431 £ 132 150 + 7 abe
Meadow hay 20.0 - 28.7 2.7-37 500-680 40
Steppe grass winter biomass 17.9 2 724 89
Optimum range for cattle 19.2 -25.6 23-37 330-450 max. 80

Nutritive value of all winter collected annual twigs of woody species was substantially lower than
the nutritive value of meadow hay (Table 1) and also spring collected leaf-fodder of broad-leaved
woody species (Verheyden-Tixier et al., 2008; Hejcmanova et al., 2013). Low nutritive value of
twigs was given by insufficient concentrations of N and P and too high concentrations of NDF and
lignin. The next characteristic aspect of twigs was relatively small differences in the concentra-
tion of P among individual species in comparison to their leaves in which differences were sub-
stantially higher. Twigs of Fagus and Carpinus had absolutely the worst nutritive value because
of their highest lignin content which is in accordance with their leaves (Hejcmanova et al., 2013).
Leaf-fodder of Uimus and Tilia were the best of all woody species in Central Europe and this is
also consistent with the nutritive value of their twigs which was also comparable to Salix. Senes-
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cent grassland biomass collected in winter on steppe grassland was of better nutritive value than
twigs of woody species because of higher concentrations of N and P. This suggests that livestock
first of all grazed senescent grassland biomass and then, if no other alternatives were available,
started to browse trees.

IV — Conclusions

We suggest that winter collected Hedera and Viscum could have been searched by prehistoric
farmers for supplementary feeding of privileged animals because of their high nutritive value.
Prehistoric farmers could also feed livestock directly in forests by driving herds to intentionally cut
trees or their branches with Hedera or Viscum. Winter collected annual twigs of all woody species
had very low nutritive value, much lower than the meadow hay, leaf-fodder or senescent steppe
grassland biomass. After grazing of senescent grassland biomass, annual twigs of woody species
were probably browsed by livestock. Insufficient winter nutrition could be one of causes of the low
body size of cattle recorded since the Neolithic up to the 18t century. Year-round livestock graz-
ing practiced by ancient farmers seems to be the key driver for the formation of open forests.
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Abstract. Characterizing the diet of ruminants at pasture in diversified grasslands is a difficult step that could
be realized by using the DNA-based methods recently developed for assessing the composition of environ-
mental samples (i.e. metabarcoding approach). In this study, we performed two experiments to assess the
performance of this method. The diet was inferred from rumen and faecal samples after DNA extraction, sub-
sequent amplification of a short fragment of chloroplast DNA with universal primers used for plant DNA iden-
tification (frnL approach), and sequencing of the PCR products using HighSeq lllumina system. The first
experiment compared the results obtained from replicated extractions and PCRs performed on faecal sam-
ples from cattle with a diversified diet, and showed a high reproducibility of the method. The second experi-
ment was designed to assess the semi-quantitative aspects of this approach. Five diets were allocated to five
sheep fed ad libitum according to a 5 x 5 Latin square design. The diets were mixtures of green fodder dif-
fering by their white clover: ryegrass ratios (i.e., 0:100, 25:75, 50:50, 75:25 and 100:0). The analysis of rumen
contents allowed a reliable estimation of the proportion of each species ingested, while the information was
much less accurate from faecal samples. Technical and analytical solutions are currently tested in order to
improve the quantitative information obtained from faecal samples.

Keywords. Ruminants — Diet analysis — DNA metabarcoding — Chloroplast trnL intron — Sequencing.

Caractérisation du régime alimentaire des ruminants a partir de I’analyse des produits de la digestion
par DNA metabarcoding

Résumé. La caractérisation du régime alimentaire des ruminants au paturage au sein de prairies diversifiées
est un verrou méthodologique qui pourrait en partie étre levé a l'aide de méthodes basées sur I'analyse de
I'’ADN présent dans des échantillons environnementaux (métabarcoding). Pour évaluer la fiabilité de cette
technique, nous avons mené deux expérimentations au cours desquelles '’ADN issu d’échantillons de conte-
nu du rumen et de feces a été extrait. Un fragment court d’ADN chloroplastique a été amplifié en utilisant des
amorces universelles (approche trnlL) et les produits PCR ont été séquencés en utilisant un systéeme HighSeq
lllumina. La premiére expérimentation a consisté a comparer les résultats obtenus a partir d’extractions et de
PCRs répétées sur des feces de bovins alimentés avec un régime diversifié et a permis de valider la repro-
ductibilité de la méthode. La deuxieme expérimentation a été congue pour évaluer les aspects semi-quanti-
tatifs de cette approche. Cing moutons ont été alimentés ad libitum selon un carré latin 5 x 5 avec cinq
mélanges binaires de ray-grass anglais et de tréfle blanc en proportions variables (0:100, 25:75, 50:50, 75:25
et 100:0). Les analyses de contenu du rumen ont permis de quantifier de maniere fiable les proportions ingé-
rées de chaque espece, tandis que l'information issue de I'analyse des feces était beaucoup moins précise.
Des solutions techniques et analytiques sont actuellement examinées pour améliorer la quantification a par-
tir des échantillons fécaux.

Mots-clés. Ruminants — Analyse du régime alimentaire — ADN metabarcoding — Intron chloroplastique trnL
— Séquencage.
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| — Introduction

Characterizing the diet of grazing ruminants in complex environment is an important method-
ological gap for the research on the animal-plants relationships in diversified grasslands (per-
manent or multispecies temporary grasslands). The current methods are based on the direct ob-
servation of the foraging behaviour (Holechek et al., 1982), the microhistological techniques (Ali-
payo et al., 1992), the extraction and the analysis of long chain alkanes presents in plant cuticu-
lar wax (Dove and Mayes, 1996), or the spectral methods (NIRS, near infrared reflectance spec-
troscopy) (Keli et al., 2008). These methods are time-consuming, not very accurate, or not well
adapted to diversified swards.

The recent development of a molecular technique allowing the identification of plant species in
complex or degraded matrices (DNA metabarcoding) could allow a methodological innovation in
this field (Pegard et al., 2009). This technique is based on the analysis of very short residual frag-
ments of plant DNA in digestive residues using a couple of universal primers targeting a variable
area of intron of gene chloroplastic trnL (UAA) of the plants (Valentini et al., 2009). DNA metabar-
coding has recently been tested to assess qualitatively the composition of the diet of cattle in
grasslands with contrasted botanic diversity (Farruggia et al., 2012). Twice as many taxons were
found in the faeces from animals grazing on species rich grassland compared to faeces from ani-
mals grazing on species poor grassland.

The objective of this work was to test the reproducibility and the potential of the DNA metabar-
coding technique to characterize quantitatively the diet of ruminants fed multispecies forages.

Il — Materials and methods

Experiment 1: Faecal samples were taken on five dairy cows grazing a species-rich grassland.
From each of the five samples, three subsamples were prepared on which the DNA was extract-
ed with the DNeasy Blood and Tissue Kit (QIAgen) following the manufacturer’s instructions.
Each DNA extracts were amplified in triplicate with the trnL gh primers (g primer, GGGCAATC-
CTGAGCCAA; h primer, CCATTGAGTCTCTGCACCTATC; Taberlet et al., 2007). Paired-end
sequencing (100 nucleotides on each extremity of the DNA fragments) from all the PCR products
(n = 45) was carried out at the French National Sequencing Centre (CEA Genoscope) on a high-
throughput sequencing technology (lllumina HiSeq 2000 system).

Experiment 2: To test the semi-quantitative approach of the trnL approach for estimating the diet
of herbivores, an experiment on sheep was conducted. During the period of May—July 2011, pure
plots of white clover (Trifolium repens) and ryegrass (Lolium perenne) were used to test five bina-
ry mixtures differing by their clover:ryegrass ratios of 0:100, 25:75, 50:50, 75:25 and 100:0. The
five diets were allocated to five 1-year-old male Texel sheep fed ad libitum accordingtoa 5 x 5
Latin square design. For each sheep and each diet, one rumen sample and one faecal sample
were collected on two successive days (n = 50). The collection started 13 days after the begin-
ning of the diet in order to prevent an effect from the previous diet. The DNA analysis was per-
formed following the procedure used in Experiment 1. The sequences produced were assigned
to a species using programs from the OBITools software package (avalaible at http://metabar-
coding.org/obitools). The relative number of sequences obtained for each plant species in the
PCR products was compared to the actual relative proportion of these species in the diet.

Ill — Results and discussion

In Experiment 1, each replicate has been first characterized by a set of sequences called MOTUS
(Molecular taxonomic unit) without species identification. A principal component analysis (PCA) was
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carried out on these MOTUS to test the reproducibility of the method (Fig. 1). The three axis
explained 53%, 14% and 11% of the total variance, respectively. Axis 1 and 2 highlighted one de-
viant PCR product. Axis 2 and 3 of the PCA showed a good discrimination of the MOTUS on the
basis of cows but not on the basis of extractions and PCR. Hierarchical ANOVA performed on the
factorial coordinates of the PCA confirmed that there was no effect of extraction or PCRs. The
observed deviant PCR product could result from the production of errors or the amplification of very
minor species in the first cycles of the PCR, leading to a non-representative final product (Coissac
et al., 2012). Taking these results together, it can be recommended to perform one extraction per
sample and three PCRs per extraction, which makes it possible to eliminate the deviant PCRs
detected by the PCA. The same analysis has been made after assignment of taxa to generated
sequences. The reproducibility of the results was better because this step also took into account
the possibility of errors on the assigned sequences when comparing at the reference index.
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Fig. 1. Principal Component Analysis based on the sequences (MOTUS, Molecular Taxonomic Units)
generated with trnL approach. Each type of marker represents a cow, each colour corresponds
to one extraction and each point is a PCR. Each ellipse corresponds to one of the five cows.

In Experiment 2, the results obtained from rumen contents showed a very good determination of
the proportions of ryegrass and white clover in the diet (Fig. 2). The Pearson correlation coeffi-
cient between the actual fraction of ryegrass in the diet and the proportion estimated using the
DNA metabarcoding approach was highly significant (r = 0.87, P<0.001).

The semi-quantification was less accurate when the DNA metabarcoding analyses were carried
out on faeces, since the proportions of ryegrass in the diet were underestimated (Fig. 2). This
could be explained by a lower recovery of the ryegrass DNA in faeces in comparison with rumen
contents due to a differential in the post-rumen digestibility. A bias could occur due to the method
of DNA extraction used, which tends to support the recovery of the intracellular DNA.
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Fig. 2. Percentages of ryegrass (Lolium perenne) sequences found in the PCR products generated
from rumen contents and faeces from sheep fed ryegrass-white clover mixtures in various
proportions.

IV — Conclusions

Overall, the DNA metabarcoding appears reproducible to characterize the diet of ruminants,
although deviant PCRs can be observed. One extraction per sample and three PCRs per extrac-
tion can be recommended. Very promising results were obtained from rumen contents which val-
idates the possibility of determining the proportions of species by DNA metabarcoding for simple
mixtures. The comprehension of the biases observed between plant species and the kind of di-
gestive residues (rumen or faeces) should make it possible to improve the use of this methodolo-
gy, in particular by improving the method of DNA extraction.
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Abstract. The results from the study ‘Effects of vegetation and grazing preferences on the quality of alpine
dairy products’ will be presented. The main objective of the project was to investigate the connections bet-
ween alpine rangeland vegetation, landscape use and grazing preferences of free ranging dairy cattle and
the milk quality with regard to fatty acid composition and content of various secondary plant metabolites. Two
herds in two different geographical summer farming areas were studied during three grazing seasons (2007-
2009). Area use and grazing preferences were studied by using high frequency GPS data in combination with
detailed vegetation mapping, field studies of animal behaviour, microhistological analysis of faeces, analyses
of rangeland vegetation composition and records of grazed plant species. The results showed that when
available, the dairy cattle preferred open areas with a vegetation rich in species, dominated by grass and herb
species. Different plant groups influenced the chemical composition of the milk differently. The study con-
cludes that milk from alpine rangelands differ from “normal” summer and winter milk in Norway by having a
healthier fatty acid composition and a higher content of various secondary plant metabolites, which may be
a potential for development of labelled products. Also, preventing regrowth of alpine rangelands seems to be
important, not only to maintain high biodiversity but also to secure good product quality.

Keywords. Alpine rangelands — Biodiversity — Grazing preferences — Milk quality — GPS.

Des vaches laitiéres sur les paturages alpins norvégiens — préférences au paturage et qualité du lait

Résumé. Les résultats présentés concernent une étude sur «les effets de la végétation et des préférences au
péturage sur la qualité des produits laitiers alpins». L objectif était d’examiner la relation entre les paturages
alpins, I'utilisation des parcelles, les préférences alimentaires des bovins et la qualité du lait, concernant sa
composition en acide gras et en métabolites végétaux secondaires. Deux troupeaux dans deux régions de
paturage estival différentes ont été étudiés pendent trois saisons (2007-2009). L'utilisation des parcelles et les
préférences alimentaires ont été étudiées par un suivi GPS haute fréquence en combinaison avec une analy-
se détaillée de la végétation, des études du comportement animal sur le terrain, des analyses micro histolo-
giques des feces, des analyses de la composition des plantes et un suivi des plantes broutées. Les résultats
montrent que les bovins laitiers préferent, si possible, les espaces ouverts et une végétation riche, dominée
par les graminées et les herbes. Les différents types de végétation influencent la composition chimique du lait.
L’étude conclut que le lait des péturages alpins est différent du lait ‘normal’ estival et hivernal en Norvége,
ayant une composition en acides gras plus saine et un contenu plus élevé en métabolites végétaux secon-
daires, offrant ainsi un potentiel de développement de produits labellisés. Il semble important de préserver les
paturages alpins du reboisement pour maintenir une grande biodiversité et garantir la qualité des produits.

Mots-clés. Paturages alpins — Biodiversité — Préférences de paturage — Qualité du lait — GPS.
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| — Introduction

Agriculture is still one of the most important businesses for settlement in alpine regions in Nor-
way. In such areas, the traditional production system for milk production was summer farming on
alpine rangelands. However, agricultural practices changed during the last century and milk pro-
duction in alpine areas decreased considerably. In Norway, about 1200 mountainous summer
farms are still in use. The grazing animals at these summer farms maintain landscape qualities,
grazing resources and high biodiversity, which are important common goods and a contribution
to local resource exploitation. If these traditional and extensive production systems shall survive,
however, it is necessary to bring in a new economy, which makes it possible to compete with bulk
products from intensive production systems. One strategy, which has proved to help alpine farm-
ers in e.g. France and ltaly, is diversification of dairy products, based on scientific evidence,
which may give products from extensive product systems in alpine regions a better price in the
market (Lombardi et al., 2008). Milk from species rich pastures in alpine regions often exhibits a
healthier fatty acid composition than milk produced on species poor pastures and pastures in the
lowlands (Collomb et al., 2002a). There is still generally little knowledge about the quality of
Norwegian alpine milk products and how this quality is related to the grazing preferences of free
ranging cattle and species composition of the grazing plants. The main objectives in this study
was thus to investigate: 1. Area use, grazing patterns and grazing preferences of free ranging
dairy cattle in two alpine rangelands; 2. Fatty acid composition and the content of various antiox-
idants and terpenes in the milk from the dairy cattle in the study areas; 3. Possible connections
between alpine rangelands, grazed plants groups and milk quality.

Il — Materials and methods

1. Study sites and herds

The study sites were two summer farms situated in two different alpine regions in south-central
Norway, Valdres and Hallingdal, with dairy cattle grazing alpine ranges. The sites are referred to
as site 1 (in Valdres) and 2 (in Hallingdal). Site 1 (60°57°N; 8°49°E) is situated approximately 910
m a.s.l., in the northern boreal vegetation zone. Site 2 (60°32°N; 8°11°E) is located approximately
1040 m a.s.l. in the transition between the northern boreal and low alpine vegetation zone. The
animals in both herds are of the breed Norwegian Red. At site 1, the herd consisted of 12-14 dairy
cows and 7-9 heifers while the herd at site 2 consisted of 18-20 dairy cows and 1-3 heifers. The
herds grazed on alpine rangeland 9-11 hours per day, after the morning milking and until they
returned to the milking barn in the afternoon. After the afternoon milking, the cattle were let out
in fenced cultivated pastures at the summer farms where they spent the night resting and graz-
ing until the morning milking. Supplemental feeding consisted of 4-6 kg grain based concentrates
per cow per day at both sites.

2. GPS collars, field studies and vegetation maps

Global positioning system (GPS) units were utilised for tracking the grazing cattle. Five dairy
cows in the herds wore collars with GPS units while they were out grazing between morning and
afternoon milking, during two study periods (in July and August) in 2007-2009. The GPS units
were logging the geographical position and time every 5 seconds. The data from all days were
integrated in a Geographical Information System (GIS); thus, the movement of the cows could be
analysed and presented on maps. In 2008, parallel field studies of animal behaviour were done
during the periods when the cattle wore GPS collars. By using parameters derived from the GPS
data alone, models of behaviour were developed and validated by observation data, and the GPS
data could finally be classified into walking, grazing and resting. Vegetation maps, based on aer-
ial photo interpretation and field work, were made from both study areas. Digital aerial near-
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infrared colour photos (CIR) with a pixel resolution of 0.20 m x 0.20 m on ground level were used
for interpretation. Natural and semi-natural vegetation types available for grazing were interpret-
ed according to a classification system based on Sickel et al. (2004). The vegetation maps were
used together with GPS data in GIS analysis.

3. Milk sampling procedures and analysis

In all study years (2007-2009), milk samples (morning milk) were taken from 9-10 cows in each
herd, once in July and once in August at both study sites for analysis of fatty acid composition,
carotenoids, vitamin E and terpenes. Analysis of tocopherol and carotenoids were performed at
a commercial laboratory using HPLC with fluorescence and diode array detectors, respectively.
Methylated fatty acids were analysed at the same laboratory using GC with flame ionization
detector. Terpenes were sampled using a head space method and subsequently analysed using
GC-MS at the University of Copenhagen, Department of Food Science.

4. Diet variables

Faeces samples were collected and prepared for microhistological analyses following the proce-
dures of Garcia-Gonzalez (1984). A set of individual diet variables was made from the results of
the microhistological analyses of faeces samples taken from the GPS cows. The species and
plant families detected were grouped in five functional groups: woody species, grasses, sedges,
herbs and Pteridophytes, and the proportions of grazed plant groups were calculated. The fae-
ces samples were taken day 1-5 in the week, and the milk samples were taken on day 7 in the
same week. Grazed plant species were also recorded by plot analysis on grazed patches. A
grazed patch was defined as a patch where a cow was observed grazing continuously for 1
minute or more. Five grazed patches from each locality within a vegetation type were marked
with wooden sticks and analysed by putting down a frame sized 0.5 m x 0.5 m around the stick.
All species within the plot were recorded and scored with respect to whether they were grazed
on or not. The proportions of grazed plant groups (woody species, grasses, sedges, herbs and
Pteridophytes) within each grazed vegetation type were calculated. For every GPS cow, a set of
diet variables were calculated by multiplying the proportions of grazed plant groups within the
vegetation type with the proportion of time spent grazing in the vegetation type the week before
milk sampling, summing up for all grazed vegetation types and calculating the overall proportions
of eaten plant groups from that week.

5. Statistical analysis

For the analysis used to develop GPS models, the data were stored in a PostGIS 1.5 enabled
PostgreSQL 9.1.8 database. To do the analyses, the dataset were pulled into R 2.14.1. The scripts
used in the analyses are available at http://github.com/sickel/cowplot at commit f4353c8. To
investigate potential relationships between diet and the chemical composition of the milk, gener-
alised linear mixed modelling was performed using the milk data as response variables and dif-
ferent measures of cow diet as explanatory variables. The analyses were performed in R.

Il — Results and discussion

It was possible to classify grazing behaviour correctly from the high frequency GPS data with as
much as 92 percent accuracy. Grazing was the main activity and the cows preferred to graze in
open areas with a vegetation rich in species, dominated by grass and herb species. Previous stud-
ies have shown that cattle select grasslands for grazing (Sickel et al., 2004) probably due to a
combination of high plant density and nutrient content (Dumont et al., 2007). The study also
reveals that to maintain the biodiversity and grazing value of these semi-natural species rich habi-
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tats it may be necessary to supply grazing with clearing of bushes and trees. Furthermore, the
analytical results which characterize the milk from summer farms in this project, and which can be
said to give rise to unique milk products are low contents of the unfavourable fatty acids C14:0 and
C16:0, high levels of the favourable fatty acids C18:3 n-6 and CLA, a low ratio omega-6:omega-3
and a relatively high number of terpenes. These findings are in accordance with Martin et al.
(2005). The results of the statistical modelling indicate that the different plant groups on the range-
lands were significantly related to specific chemical components in the milk. The omega 3 fatty
acid C18:3 and B-carotene were both positively related to herbs. This is in accordance with the
studies of Collomb et al. (2002b) who found that PUFAs were positively correlated with herb spe-
cies from the families Asteraceae, Apiaceae, Rosaceae and Fabaceae. Our results corroborate
these findings as some of the most frequently eaten herb species at our study sites also belonged
to three of these families. The levels of C18:2 n-6 decreased with increasing levels of woody
species, grasses and sedges in the diet. Woody species and sedges occur with higher proportions
in the diet at site 1 where C18:2 n-6 was found to occur with lower levels than at site 2 where herbs
have higher proportions in the diet. As Collomb et al. (2002b) found herbs to be positively corre-
lated with PUFAs this might also explain this negative relation of C18:2 n-6 with other plant groups.
The ratio omega-6:omega-3 decreased as the intake of grass increased in the diet. This may be
explained by decreasing levels of C18:2 n-6 with increased levels of grasses in the diet as dis-
cussed above. Lot of grass in the diet may also imply grazing on open grass and herb rich field
layer, which also lead to a higher intake of herbs. Herbs increase the levels of C18:3 n-3 as dis-
cussed above. A low ratio omega-6:o0mega-3 may thus be explained by either less C18:2 n-6 or
more C18:3 n-6, or a combination of both. Oleic acid, C18:1 c9, was positively related to woody
species and Pteridophytes and the saturated fatty acid C14:0 was on the contrary negatively relat-
ed to these variables. It is difficult to say whether there is a direct influence of woody species and
Pteridophytes on the levels of these fatty acids in the milk or if there are underlying factors e.g.
energy shortage, which are the real explanations of these observed relationships.
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Abstract. The aim of this experiment was to study the effect of the feeding system in two mountain areas
from the Tunisian Northwest (Bahra and Ain Draham) on the carcass and meat characteristics of goats. In
the region of Ain Draham, characterized by mountainous terrain and soil unsuitable for crops, goats grazed
natural forests with dominance of woody species. While in the region of Bahra, grazing pasture is based on
herbaceous and goats were supplemented with concentrate and hay. At the age of five months, ten goats
from each region were slaughtered. Body weight at slaughter (SBW) of kids was affected by the pasture type
(17.7 and 21.8 kg for Ain Draham and Bahra, respectively). Also, higher carcass weight and higher dressing
percentage were recorded for goats from Bahra. Similarly, the skin, head and feet weights were higher for
this group; these organs are strongly correlated to the SBW which was higher for Bahra region. However,
chemical composition of goats’ meat (dry matter, proteins and lipids) was similar for goats from both regions.
In conclusion, the concentrate supplementation to the herbaceous pasture resulted in higher SBW and car-
cass weight without effect on meat composition.

Keywords. Pasture — Tunisian goats — Carcass — Meat.

Effets du type de paturage sur les caractéristiques de la carcasse et de la viande des chevreaux

Résumé. Le but de cette expérience était d’étudier I'effet du systéeme d’alimentation dans deux zones du nord-
ouest tunisien (Bahra et Ain Draham) sur les caractéristiques de la carcasse et de la viande de chevreaux. Dans
la région d°Ain Draham, caractérisée par un terrain et un sol impropre aux cultures, les chevreaux péturent les
foréts naturelles dominées par les especes ligneuses. Alors que dans la région de Bahra, le paturage est basé
sur les herbacées avec complémentation par I‘aliment concentré et du foin. A I'dge de 5 mois, dix chevreaux de
chaque région ont été abattus. Le poids vif a I'abattage des chevreaux a été affecté par le type de paturage
(17,7 et 21,8 kg respectivement pour Ain Draham et Bahra). En outre, le poids de la carcasse et le rendement
commercial des chevreaux de Bahra ont été plus élevés que ceux d’Ain Draham. De méme, les poids de la
peau, de la téte et des pieds étaient plus élevés pour les chevreaux de Bahra; le poids de ces organes étant
fortement corrélé au poids vif a l'abattage qui était plus élevé pour la région Bahra. Cependant, la composition
chimique de la viande (matiere séche, protéines et lipides) était similaire pour les chévres des deux régions. En
conclusion, le paturage des herbacées complémenté par I'aliment concentré a augmenté le poids vif a I'abat-
tage et le poids de la carcasse des chevreaux sans aucun effet sur la composition de la viande.

Mots-clés. Type de paturage — Chevreaux — Carcasse — Composition de la viande.

| — Introduction

The demand for goat meat exceeds supplies in many parts of the world (Singh et al., 2006) and
especially in the Mediterranean countries where goat meat is an important part of breeders’
incomes. Goat meat is considered to be relatively lean with a low percentage of fat (Webb et al.,
2005). Information on the origin of animals and their production system has become important
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criteria for consumers’ choices. Therefore, the producer may sort to employ production systems
that provide acceptable carcass and meat quality (Warren et al., 2008) and maintain healthy
products for consumers.

Therefore, the aim of this experiment was to study the effect of the feeding system in two moun-
tain areas from the Tunisian Northwest (Bahra and Ain Draham) on the carcass and meat char-
acteristics of kid goats.

Il — Material and methods

1. Animals and rearing system

The study was carried out during summer (June-August) in two mountain areas from the Tunisian
Northwest (Bahra and Ain Draham). Ain Draham is a mountainous region dominated by natural
forests. The feeding system in this region is based mainly on grazing forest plants. While, in Bahra
region, the feeding system is based on herbaceous pasture supplemented with concentrate (bar-
ley) and oats hay. At the age of five months, ten male goats from each region (local breed) were
slaughtered.

2. Measurements and analysis

Body weight at slaughter (SBW) was recorded. Skin, feet, head, red cut-down (liver, kidneys,
spleen, and heart); omental fat, all fractions of the digestive tract and the hot carcass (HCW) we-
re weighed. Samples of Longissimus dorsi were dried (50°C), ground (1 mm screen), and stored
for subsequent analyses. DM was determined by drying at 80°C until constant weight. Mineral
content was determined by ashing at 600°C for 8 h. Nitrogen was determined by Kjeldahl method
(CP = N x 6.25). Meat lipids were determined by Soxhlet extraction.

3. Statistical analysis

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

Ill — Results and discussion

1. Rearing system

The region of Ain Draham (northwest of Tunisia) is characterized by rugged, mountainous terrain
and soil occupied by natural forests and unsuitable for crops. The herbaceous layer is almost
absent throughout the year (Gasmi-Boubaker, 2005) especially during summer when this exper-
iment was conducted. The feeding system in this region is based mainly on grazing forest plants.
The main species are trees (Pinaceae and Fagaceae) and shrubs (Erica arborea, Myrtus com-
munis, Pistacia lentiscus). While, in Bahra region, the feeding system is based on herbaceous
pasture (ryegrass, trefoil, alfalfa) and goats were supplemented with concentrate and hay; this
feeding system would result in higher nutrient supply than Ain Draham one.

2. Slaughter parameters

Slaughter body weight (SBW) of kids averaged 17.7 and 21.8 kg for Ain Draham and Bahra, res-
pectively, with significant differences between the regions (P = 0.001). The poor feeding system
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based exclusively on forest plants in Ain Draham originates this low SBW compared to that of
Bahra where animals were supplemented with concentrated and hay. Statistical analysis of the
HWC and the commercial dressing percentage revealed significant differences (P<0.01) between
the two areas in favour to the region of Bahra (Table 1). 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).

Table 1. Slaughter Body weight (SBW) (kg), carcass weight (kg) and dressing percent

Group Bahra Ain Draham SEM P-values
SBW (kg) 21.8 17.7 1.29 el
HCW (kg) 9.1 6.3 2.47 ok
CDP (%) 41.6 35.2 10.96 Rk

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

3. Non-carcass components

The pasture type tends to affect the red cut-down (Table 2). This is due to the fact that red cut-
down organs are not affected by SBW (Kamalzadeh et al., 1998; Atti ef al., 2004). The skin, head
and feet weights were significantly affected (P<0.01) by the pasture type; as indicated above, the-
se weights are strongly correlated to the SBW which was higher for Bahra region. Curiously, the
omental fat was significantly similar among both feeding systems although the higher value for
Bahra system. It was shown that animals fed high energy level had more omental fat in absolute
and relative values (Atti et al., 2004).

Table 2. Effect of the pasture type on non- carcass components

Group Bahra Ain Draham SEM P-values
Red cut-down (g) 387 330 201 NS
Skin (g) 1551 1013 85.4 o
Head (g) 1425 114 54.6 i
Feet (g) 665 488 25.6 bl
Omental fat (g) 78 55 10.9 NS

4. Chemical composition of goats’ meat

The pasture type did not affect (P>0.05) the chemical composition of goats’ meat (Table 3) from
Bahra and Ain draham. Meat of goats from the same breed (Atti et al., 2004), reared in feedlot
and receiving different concentrate protein content (100, 130 or 160 g/kg DM), presented more
fat (11.6%) but less protein (84%) than those reported in the current study.

Table 3. Effect of the pasture type on the chemical composition of goats’ meat

Bahra Ain Draham SEM P-values
RDM (%) 271 26.3 1.49 NS
Ash (%) 3.6 3.2 0.42 NS
Protein (% DM) 88.5 88.0 8.40 NS
Fat (% DM) 9.6 9.3 3.10 NS
Forage resources and ecosystem services provided by Mountain 93
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IV — Conclusion

The concentrate supplementation to the herbaceous pasture resulted in higher Slaughter Body
weight and carcass weight without effect on meat composition.
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Visible spectroscopy on carcass fat to
distinguish pasture-fed, concentrate-fed and
concentrate-finished pasture-fed lambs
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Abstract. The ability to authenticate the method of production of food products has become a major chal-
lenge for scientists and monitoring bodies. This study compared two methods based on the use of visible
reflectance spectrum of fat tissues to discriminate pasture-fed (n = 76), concentrate-fed (n = 79) and con-
centrate-finished (for 28 days) pasture-fed (n = 69) lamb carcasses. The reflectance spectrum of perirenal
and subcutaneous caudal fat was measured at slaughter and at 24 h post mortem. Method 1 used an index
calculated from the reflectance spectrum data at wavelengths between 450 and 510 nm, whereas method 2
was performed at wavelengths between 400 and 700 nm. Method 2 yielded higher overall proportion of cor-
rectly classified lambs than method 1 (92.9% vs. 64.7%, P<0.0001), regardless of the measurement time and
site. The proportion of lambs which were correctly classified using method 2 was 95.6% and 95.9% for meas-
urements made on perirenal fat at slaughter and at 24 h post mortem. This study indicates the importance of
the zones of light absorption by carotenoid and haeminic pigments in the discrimination between lambs from
three different feeding systems.

Keywords. Authentication — Pasture-feeding — Concentrate-feeding — Concentrate-finishing — Spectroscopy
— Sheep — Lamb.

L’analyse du spectre de réflectance du tissu adipeux permet de discriminer trois modalités d’en-
graissement des agneaux : a I’herbe, en bergerie, ou avec une finition en bergerie aprés paturage

Résumé. La possibilité d’authentifier le mode de production des animaux a partir de leurs produits est devenue
un enjeu majeur pour les scientifiques et les organismes de contréle. Cette étude a comparé deux méthodes
basées sur I'analyse du spectre de réflectance dans le visible du tissu adipeux pour discriminer les agneaux
d’herbe, les agneaux de bergerie et les agneaux d’herbe finis en bergerie pendant 28 jours. Les spectres de
réflectance du gras périrénal et du gras sous-cutané caudal ont été mesurés a 'abattage et a 24 h post mor-
tem. La méthode 1 a utilisé un indice calculé a partir de la zone du spectre de réflectance comprise entre 450
et 510 nm, alors que la méthode 2 a utilisé 'ensemble du spectre de réflectance entre 400 et 700 nm. La pro-
portion d’agneaux correctement classés a été plus élevée avec la méthode 2 qu’avec la méthode 1 (92,9% vs.
64,7%, P<0.0001), indépendamment du moment et du site de la mesure. La proportion d’agneaux correctement
classés par la méthode 2 était de 95,6% et 95,9% pour les mesures effectuées sur le gras périrénal a I'abatta-
ge et a 24 h post mortem. Cette étude montre Iimportance des zones d’absorption de la lumiére par les pig-
ments caroténoides et héminiques dans la discrimination entre les trois types d’agneaux.

Mots-clés. Authentification — Agneau d’herbe — Agneaux de bergerie — Finition — Spectroscopie — Ovins —
Agneau.

| — Introduction

Consumers show growing interest in the method of production of their food and growing prefer-
ence for food products of pasture-based systems of production (Prache and Thériez, 1999). It is
therefore important to be able to authenticate food products from particular production systems.
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The measurement of the reflectance spectrum of the fat has proven to be of practical interest
since it is non-invasive, takes little time and can easily be implemented in the meat industry with
a portable spectrophotometer. Prache and Thériez (1999) proposed a mathematical analysis of
the reflectance spectrum of the fat at wavelengths between 450 and 510 nm (which corresponds
to the zone of light absorption by carotenoids) to quantify the intensity of the signature of these
pigments and discriminate pasture-fed from stall-fed lamb carcasses. Dian et al. (2007) increa-
sed the reliability of the discrimination between pasture-fed and stall-fed lambs by using the full
data set of the reflectance spectrum at wavelengths between 400 and 700 nm. However, be-
cause of grass shortage during the summer period, pasture-fed lambs are often stall-finished with
low-carotenoid diets. The purpose of this study was therefore to further test the reliability of these
two spectral methods for discriminating lamb carcasses from less contrasted production systems
(pasture-feeding, concentrate-feeding and concentrate-finishing after pasture-feeding).

Il — Materials and methods

This study was carried out over 5 years (2008-2012) at two experimental farms of INRA (Unité
Expérimentale des Monts d’Auvergne and Unité Expérimentale des Ruminants de Theix). A total
of 224 Romane breed male lambs were used: 76 were fed pasture for at least 60 days (P), 79
were stall-fed concentrate and straw (S) and 69 were fed pasture for at least 60 days followed by
an abrupt switch to concentrate and straw indoors (PS) for 28 days. The P and PS lambs grazed
pastures that were maintained at a leafy stage and offered ad libitum. The P lambs were fed pas-
ture until slaughter. The PS lambs were expected to gain on average 7.0 kg LW gain (LWG) dur-
ing the finishing period indoors. Stall-fed lambs were fed ad libitum a commercial concentrate,
containing no green vegetative matter and straw until slaughter. These last feedstuffs were given
also to PS lambs during the stall finishing period. The lambs were slaughtered when they had
reached a target body condition score of 3 (on a scale of 0 to 5), which was manually assessed
by a skilled technician.

The reflectance (R) spectrum of perirenal and subcutaneous caudal fat was measured on all
lambs, using a MINOLTA CM-2002 spectrophotometer (D65 illuminant, observer angle 10°). For
each tissue, 5 measurements were made at slaughter and at 24 h post mortem. In method 1, the
fat reflectance spectrum data were used at wavelengths between 450 and 510 nm to calculate
an index quantifying light absorption by carotenoid pigments stored in the fat. The R spectrum
was translated to give a reflectance value at 510 nm of zero (TR). On the translated spectrum,
the integral value (/,5,.5;0) Was calculated as follows: /5,5, = [(TR 450/2) + TR 460 + TR 470 +
TR 480 + TR 490 +TR 500 + (TR 510/2)] x 10.

The integral value was averaged and then linear discriminant analysis was performed, followed
by a cross-validation procedure, to classify the fat samples according to feeding treatment, using
Minitab software v. 13 (Minitab Inc., Paris).

In method 2, the full R dataset at wavelengths between 400 and 700 nm was used. The R data
were averaged, then transformed (log (1/R)) and exported into Win ISI Il version 1.6 software
(Infrasoft International, Port Matilda, PA, USA) for multivariate analysis. The raw R spectra of
each tissue representing the three feeding treatments were submitted to discriminant analysis
using a partial least squares discriminant analysis (PLS-DA) approach. A principal component
analysis (PCA) performed beforehand was used to rank the reflectance spectra from each feed-
ing treatment according to the Mahalanobis distance (H) to the average R spectrum, in order to
detect sample outliers (H>3). No outliers were found. The models were tested via a cross-vali-
dation procedure, in which 56 randomly chosen samples were temporally removed from the ini-
tial data set to be used for validation (i.e. a quarter of all data samples). The PLS-DA model was
developed based on the other samples (calibration samples) and used to classify the validation
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samples. This procedure was repeated four times, i.e. until all data set samples had been used
through the validation procedure. The cross-validation error of the models was calculated.

The proportion of correctly classified samples was analyzed using the CATMOD procedure of the
SAS (1999) software package using a four-factor model (feeding treatment: P vs. S vs. PS; dis-
crimination method used in the fat: method 1 vs. method 2; site of measurement: perirenal vs.
subcutaneous caudal fat; and time of measurement: at slaughter vs. at 24 h post mortem).

Il — Results and discussion

The proportion of correctly classified samples using linear discriminant analysis performed on
l450.510 (method 1) was 67.1%, 84.8% and 60.9% for P, S and PS lambs, respectively (70.9% on
average), when the measurement was made on perirenal fat at slaughter, and 68.4%, 84.8% and
66.7% for P, S and PS lambs, respectively (73.3% on average), when the measurement was
made on perirenal fat 24 h post mortem (Fig. 1). This method correctly classified 55.3%, 68.4%
and 23.1% of the P, S and PS lambs, respectively (i48.9% on average), when the measurement
was made on subcutaneous caudal fat at slaughter, and 76.3%, 69.6% and 50.7% of the P, S
and PS lambs, respectively (65.5% on average), when the measurement was made on subcuta-
neous caudal fat 24 h post mortem.
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Fig. 1. Proportion of correctly classified lambs using method 1 (integral value I, ;,,, White symbols)
and method 2 (full reflectance spectrum data sets at wavelengths between 400 and 700 nm,
black symbols) on perirenal and subcutaneous caudal fat measured at slaughter (a) and at 24 h
post mortem (b). P: Pasture-fed lambs; S: Stall-fed lambs; PS: Stall-finished pasture-fed lambs.

The method 2 allowed for the correct classification of 96.1%, 93.7% and 97.1% of the P, S and
PS lambs, respectively (95.6% on average), when the measurement was made on perirenal fat
at slaughter, and 96.1%, 98.7% and 92.8% of the P, S and PS lambs, respectively (95.9% on
average), when the measurement was made on perirenal fat 24 h post mortem (Fig. 1). This
method correctly classified 88.2%, 83.5% and 92.8% of the P, S and PS lambs, respectively
(88.2% on average), when the measurement was made on subcutaneous caudal fat at slaugh-
ter, and 90.8%, 94.9% and 89.9% of the P, S and PS lambs, respectively (91.9% on average),
when the measurement was made on subcutaneous caudal fat 24 h post mortem.

By using all the reflectance spectrum data at wavelengths between 400 to 700 nm, method 2 showed
a higher performance (P<0.001) than method 1 (Fig. 1), which only used the reflectance spectrum
data at wavelengths from 450 to 510 nm to calculate /5, 5,,. Taking both sites, both measurement
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times and all feeding treatments together, the overall proportion of correctly classified lambs was
64.7% for method 1 and 92.9% for method 2. The proportion of correctly classified lambs also dif-
fered between feeding treatments (79.8%, 84.8% and 71.8% for P, S and PS lambs, P<0.0001),
measurement sites (83.9% for perirenal and 73.6% for subcutaneous caudal fat, P<0.0001) and
measurement times (75.9% at slaughter and 81.6% at 24 h post mortem, P<0.001). Method 2 reli-
ably discriminated the 3 types of lambs when the measurement was made on perirenal fat at slaugh-
ter (the proportion of correctly classified lambs ranging between 93.7% and 97.1%) and at 24 h post
mortem (the proportion of correctly classified lambs ranging between 92.8% and 98.7%).

The PCA loadings of the two PC axes for perirenal fat measured at 24 h post mortem are shown
in Fig. 2. PC1 and PC2 axes explained 60% and 24% of variability. The highest loading was sit-
uated around 460 to 480 nm for PC1, indicating the importance of carotenoid pigments in the dis-
crimination between the lambs from three different feeding systems. The PC1 and PC2 axes
loading values at wavelengths around 420 nm and the PC2 axis loading value at wavelengths
around 550-560 nm indicated that haeminic pigments (Prache et al., 1990) may also be involved
in the discrimination between the lambs from three different feeding systems, as already sug-
gested by Dian et al. (2007).
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Fig. 2. Loadings for the two principal components axes (PC1 and
PC2) for perirenal fat samples measured 24 h post mortem.

IV — Conclusions

Using the full set of the reflectance data of the carcass fat in the visible range (at wavelengths
between 400 nm to 700 nm) enabled to reliably discriminate lamb carcasses from 3 production
systems (pasture-feeding, concentrate-feeding and stall-finishing after pasture). The reliability of
the discrimination at best with measurements made on perirenal fat at 24 h post-mortem. The
proportion of lambs which were correctly classified using this method was 95.6% and 95.9% for
measurements made on perirenal fat at slaughter and at 24 h post mortem. This method is of
obvious practical interest for the meat industry, since it is non-invasive, rapidly and easily on-line
implemented with a portable spectrophotometer.
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Abstract. The present study investigated the influence of botanically diverse pastures grazed by dairy ewes
on the fatty acid (FA) composition of Protected Designation of Origin (PDO) Murazzano cheese. Twelve mul-
tiparous Delle Langhe ewes beyond peak of lactation were blocked according to stage of lactation, parity, milk
yield, gross composition, and FA profile of milk fat, and randomly assigned to two groups. The groups were
allowed to graze for three weeks on two different mountain vegetation types, either dominated by Lolium
perenne L. and Trifolium repens L. (LT) or by Bromus erectus Huds., Festuca gr. rubra L. and Thymus serpy-
llum L. (BFT); both groups were also supplemented with 0.4 kg head™' day™' of concentrate during milking.
Each week, bulk milk obtained from the two groups was separately used on three consecutive days to pro-
duce a total of eighteen Murazzano PDO cheeses. The FA profile of cheese was significantly influenced by
the pasture vegetation type. Murazzano cheese manufactured with LT milk showed higher concentrations of
total polyunsaturated FA, n3 FA, n6 FA, frans-C18:2 and -C18:1 biohydrogenation intermediates of dietary
unsaturated FA, while cheese manufactured with BFT milk was significantly richer in branched-chain FA. The
botanical composition of grazed pastures, significantly influencing the FA composition and nutritional quality
of cheese, appears to be a key factor in the assessment of dairy products traceability.

Keywords. Botanical composition — Grazing — Lipids — Ovine cheese — Plant secondary metabolites.

Composition en acides gras du fromage Murazzano AOP influencée par le type de végétation du patu-
rage

Résumé. L’étude a examiné l'influence botanique de différentes prairies paturées par les brebis laitieres sur
la composition en acides gras (AG) du fromage Murazzano d’Appellation d’Origine Protégée (AOP). Douze
brebis Delle Langhe ont été sélectionnées selon le stade de lactation, la parité, la production laitiéere, la com-
position chimique et le profil en AG du lait, et réparties de fagon aléatoire en deux groupes. Elles ont paturé
pendant trois semaines sur deux types différents de végétation, soit dominé par Lolium perenne L. et Trifolium
repens L. (LT) soit par Bromus erectus Huds., Festuca gr. rubra L. et Thymus serpyllum L. (BFT). En supplé-
ment, tous les animaux ont regu 0,4 kg de concentré par jour. Chaque semaine, pendant trois jours consé-
cutifs, le lait des deux groupes des brebis a été séparé et utilisé pour produire dix-huit fromages Murazzano
AORP. Le fromage fait a partir du lait de LT a montré des concentrations plus élevées en AG polyinsaturés
totaux, AG n3, AG n6, trans-C18:2 et -C18:1 (intermédiaires de la bio-hydrogénation des AG insaturés ali-
mentaires), tandis que le fromage fait a partir du lait BFT a été plus riche en AG a chaine ramifiée. La com-
position botanique des paturages, influencant significativement la composition en AG et la qualité nutrition-
nelle des fromages, semble étre un facteur clé dans I’évaluation de la tragabilité des produits laitiers.

Mots-clés. Composition botanique — Fromage de brebis — Lipides — Métabolites secondaires — Paturage.

| — Introduction

Some studies have revealed that the botanical composition of forages can significantly affect the
fatty acid (FA) composition of milk and cheese (Lourengo et al., 2009). Such an effect is even
more important for quality-identified dairy products (e.g., Protected Designation of Origin — PDO
— cheeses) because local forage-based diets strictly bind them with their geographical produc-
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tion site. The goal of this study was to investigate the influence of botanically diverse pastures
grazed by dairy ewes on the FA profile of Murazzano PDO cheese.

Il — Materials and methods

The experiment was carried out from May 26 (day 1) to June 23 (day 29) in a dairy sheep farm
located in North-Western Italy (latitude: 44°26’46” N; longitude: 08°01°25” E). Twelve multiparous
Delle Langhe ewes in mid-lactation were divided into two balanced groups according to their
stage of lactation, lactation number, milk yield, milk gross composition, FA profile of milk fat, and
estimated A9-desaturase activity. The groups were then randomly allowed to graze one of two
mountain pastures, dominated by (i) Lolium perenne L. and Trifolium repens L. (LT) and by (ii)
Bromus erectus Huds., Festuca gr. rubra L., and Thymus serpyllum L. (BFT). The ewes grazed
during day and night. They were moved indoors twice daily for milking, when they were supple-
mented with 0.2 kg head™! of concentrate.

The botanical composition of LT and BFT pastures was assessed before exploitation (Daget and
Poissonet, 1971). Herbage samples were collected three times during the trial (on days 14, 21,
and 28) and analysed for dry matter (DM), crude protein (CP), ether extract (EE), neutral deter-
gent fibre (NDF), starch and FA profile as reported by Renna et al. (in press).

Separate bulk milk tanks (one per treatment) were used on three consecutive days for three
weeks (from June 7 to June 23) to produce a total of eighteen Murazzano PDO cheeses. After a
six-day ripening period, cheese samples were collected and analysed for FA profile. Cheese total
lipids extraction, and fatty acid methyl esters separation, identification and quantification were
performed as described by Renna et al. (in press).

Herbage and cheese data were subjected to analysis of variance using the GLM procedure of
the SAS software package, version 9.1.3 (SAS Institute Inc., Cary, NC, USA). Significance was
declared at P < 0.05.

Il — Results and discussion

The specific contribution (SC, percentage presence of each botanical species) in LT and BFT
pastures is reported in Table 1. More than 90% of the species belonged to Poaceae (52%), Fa-
baceae (32%) and Geraniaceae (7%) in LT and to Poaceae (68%), Lamiaceae (17%) and Faba-
ceae (7%) in BFT. No significant differences were observed in DM, EE and starch contents
between pastures. LT vegetation type showed higher CP (11.0 vs 8.6% DM; P<0.05) and lower
NDF (64.4 vs 68.5% DM; P<0.01) content compared to BFT. The concentration of main FA also
differed between pastures (C16:0, 298 vs 218 mg 100g™" DM; C18:2 ¢9c¢12, 408 vs 299; C18:3
c9c12c¢15, 731 vs 564, in LT and BFT, respectively).

The FA composition of Murazzano PDO cheese was significantly affected by the pasture vege-
tation type (Table 2). LT cheeses were significantly richer in total polyunsaturated fatty acids
(PUFA), total n3 FA, total n6 FA, total frans-C18:2, total trans-C18:1, linoleic acid (LA, C18:2
¢9¢12) and a-linolenic acid (ALA, C18:3 c9c¢12¢15). Branched-chain fatty acids (BCFA), both iso
and anteiso forms, were significantly lower in LT compared to BFT cheeses. Short- and medium-
chain saturated FA (C4:0 to C16:0) and odd-chain fatty acids (OCFA, C15:0 and C17:0) showed
comparable concentrations in LT and BFT cheeses.

The FA composition of milk and dairy products obtained from pasture-fed ruminants is simulta-
neously affected by the chemical composition of pastures and the presence and abundance of
plant secondary metabolites (PSM) (e.g., polyphenol oxidase — PPO —, phenolic compounds —
PC —, essential oils — EO —, etc.). Both factors are able to modify the rumen microbial ecosystem
(Lourencgo et al., 2010).

100 Options Méditerranéennes, A, no. 109, 2014



Table 1. Specific contribution (SC,%) of botanical species and plant secondary metabolites (PSM) in
the main botanical species of LT and BFT vegetation types’

LT vegetation type BFT vegetation type

Species (Family) SC PSM Species (Family) SC PSM
Lolium perenne L. (Po) 31.6 PPO Bromus erectus Hudson (Po)  36.2
Trifolium repens L. (Fa) 27.8 SA, PH Festuca gr. rubra L. (Po) 241
Bromus sterilis L. (Po) 9.0 Thymus serpyllum s.1. (La) 13.8 EO
Bromus hordeaceus L. (Po) 4.5 Lotus gr. corniculatus L. (Fa) 52 CT
Poa trivialis L. (Po) 4.5 Bromus hordeaceus L. (Po) 3.4
Geranium pusillum L. (Ge) 3.8 HT Hypochoeris radicata L. (As) 34 PH
Medicago lupulina L. (Fa) 3.8 Poa annua L. (Po) 34
Erodium cicutarium (L.) L'Hér. (Ge) 3.0 AL, traces Salvia pratensis L. (La) 34 EO
Plantago lanceolata L. (Pl) 3.0 PH Plantago lanceolata L. (Pl) 26 PH
Dactylis glomerata L. (Po) 23 PPO Vicia gr. cracca L. (Fa) 1.7

Capsella bursa-pastoris (L.) Medicus (Br) 1.5

 Only species with SC>1% are reported. Po, Poaceae; Fa, Fabaceae; Ge, Geraniaceae; Pl, Plantaginaceae;
Br, Brassicaceae; La, Lamiaceae; As, Asteraceae; PPO, polyphenol oxidase; SA, saponins; PH, phenols; HT,
hydrolysable tannins; CT, condensed tannins; EO, essential oils; AL, alkaloids.

Table 2. Effect of vegetation type grazed by Delle Langhe ewes on selected individual FA and
FA groups (g 100g™" fat) detected in Murazzano PDO cheese

Vegetation type Vegetation type
FA LT BFT SEM P FA LT BFT SEM P
>SFA 5520 56.06 1.272 ns C18:1 t6-11 3.02 292 0294 ns
Yiso-BCFA 1.07 1.22 0.087 **  C18:1 H2-14+c6-8 1.00 0.73  0.153 ***
Yaiso-BCFA 1.27 1.38 0.081 ***  C18:1 H16+c14 0.44 0.37 0.038 ***
*MUFA 20.79 21.05 0.158 ns C18:2 t,+-NMID+19t12 0.15 0.12  0.018 ***
>C18:1 19.65 19.88 0.806 ns C18:2 c9t13+18c12 0.073 0.068 0.013 *
>C18:1 trans 4.04 3.68 0.358 ** C18:2 c9t12 0.23 0.19  0.029 **
>PUFA 5.59 491 0371 ***  (C18:2 ¢,c-MID+18¢c13 0.23 0.19  0.027 **
>C18:2 trans 1.93 1.76 0.191 ** C18:2 HH1c15 0.40 0.35 0.055 **
*n3 1.61 1.36 0.180 ***  C18:2 c9H11+{7c9+18c10 0.79 0.79 0.084 ns
*n6 4.00 3.31 0.359 ***  (C18:2t10c12 <0.001 <0.001 <0.0001 ns
>CLA 0.84 0.84 0.093 ns C18:2 11¢13+c9ci1 0.030 0.031 0.009 ns
C4t0 C16 39.50 39.58 0.965 ns C18:2 1911 0.022 0.022 0.003 ns
C15:0 0.84 0.85 0.039 ns C18:2 c9c12 2.26 1.96 0.140 ***
C17:0 0.67 0.65 0.044 ns C18:3 c9c12c15 0.98 0.78 0.120 ***
C18:0 11.34 11.81 0.721 ns C20:5 c5,c8,c11,c14,c17 0.068 0.062  0.005 ***

In general, if compared to Poaceae, Fabaceae have shown a higher transfer efficiency of PUFA
to milk and cheese (Cabiddu et al., 2010), which is consistent with the results obtained in our
experiment. The lower BCFA concentration in LT cheeses suggests that the ewes’ ruminal micro-
bial activity was inhibited. This could be the consequence of the overall higher richness of bio-
logically active PSM in the LT compared to the BFT pasture (Buccioni et al., 2012). The lack of
significant differences in OCFA concentrations between LT and BFT cheeses may be related to
specific EO (such as carvacrol, thymol and p-cymene) occurring in the Lamiaceae species pres-
ent in the BFT pasture. The above mentioned EO, in fact, have been described to decrease
rumen propionate production in vitro (Macheboeuf et al., 2008) and OCFA can be synthesised de
novo from propionate in the mammary gland of ruminants (Vlaeminck et al., 2006). The signifi-
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cantly higher levels of total PUFA, total n6 FA, total n3 FA, total frans-C18:2, total trans-C18:1,
LA and ALA in LT cheeses could be ascribed to the higher concentrations of LA and ALA in the
LT pasture. In addition, Lolium perenne and Dactylis glomerata were reported to contain relatively
high levels of PPO, in its active form (Lee et al., 2006). This enzyme, forming protein-bound phe-
nols, can inhibit lipolysis (LP) and can therefore reduce the initial step of dietary unsaturated FA
biohydrogenation (BH), leading to increased likelihood of LA and ALA passing unaltered through
the rumen (Lejonklev et al., 2013). While non-conjugated C18:2 isomers (both methylene inter-
rupted (MID) and non methylene interrupted (NMID) dienes) were significantly more abundant in
LT than BFT cheeses, the concentration of conjugated linoleic acid (CLA) isomers was relative-
ly low and not significantly affected by the pastures. Such result may suggest selective inhibition
exerted by PSM occurring in LT botanical species on specific microorganisms involved in the
ruminal formation of CLA isomers from dietary PUFA, and merits further investigation. Estimated
A9-desaturase activity (C14:1 ¢9/C14:0 in milk samples, data not shown) was not affected by
pasture type. The comparable CLA ¢9t11+t7¢9+{8¢c10 concentrations in LT and BFT cheeses are
consistent with the lack of differences in their precursors (C18:1 {7 and C18:1 t11) for de novo
synthesis within the mammary gland.

IV — Conclusions

Differences in the chemical composition and occurrence of plant secondary metabolites in the
grazed forages can affect rumen lipolysis and biohydrogenation in dairy ewes. A strong link exists
between the utilization of botanically diverse and locally produced forage resources by Delle
Langhe ewes and the fatty acid composition of Murazzano PDO cheese. Pasture biodiversity is
a key factor for the characterization and the traceability of this cheese and for the maintenance
of its tipicity in relation to the original terroir.
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Abstract. This work is a part of REFORMA / ARIMNET Mediterranean project. The aim is to evaluate some
alternative fodder systems witch could replace traditional wheat-fallow rotation. This strategy aims also to
give more resilience to cereal/livestock rainfed systems strength to the climatic changes negative effects. Two
grass species: triticale and oats, and three legumes species: Narbon vetch, common vetch and fodder pea
(two cultivars) were tested. Results show that triticale and peas were earlier than oats and vetches in the dif-
ferent associations. Thus, the choice of a mowing date corresponding to the optimal stage in the case of
associations was more or less difficult because of weak synchronization between flowering / heading stages.
The productive performances (dry biomass) of all fodders tested were satisfactory; however, significant dif-
ferences in favour of triticale and its associations were found. Balanced grasses / legumes ratio within asso-
ciations were also satisfactory but especially in associations with oats.

Keywords. Fodder — Productivity — Phenology — Algeria — Semi-arid.

Performances de quelques espéces fourragéres cultivées en pur ou en association sous les condi-
tions semi-arides Algériennes

Résumé. Ce travail est une partie du projet méditerranéen «REFORMA / ARIMNET». Le but est d’évaluer
quelques systemes fourragers pouvant remplacer le traditionnel blé-jachere. Cette stratégie vise également
a donner plus de résilience au systeme pluvial céréales/élevage face aux effets négatifs des changements
climatiques. Deux especes de graminées, le triticale et 'avoine, ainsi que trois de légumineuses: la vesce de
Narbonne, la vesce commune et le pois fourrager (deux cultivars) ont été testées. Les résultats ont montré
que le triticale et les pois étaient plus précoces que I'avoine et les vesces quelque soit le type d’association.
Ainsi, le choix d’une date de fauche correspondant a un stade physiologique optimal dans le cas des asso-
ciations était plus ou moins difficile en raison de la faible synchronisation entre la floraison des légumineuses
et I'épiaison des graminées. Les performances productives (biomasse seche) étaient satisfaisantes pour la
totalité des fourrages expérimentés; cependant, des différences significatives en faveur du triticale et de ses
associations ont été trouvées. L'équilibre graminées/légumineuses dans les différentes associations était
également satisfaisant, mais plus en particulierement dans les associations avec l'avoine.

Mots-clés. Fourrages — Productivité — Phénologie — Algérie — Semi-aride.

| — Introduction

Rainfed cereal-livestock systems are very widespread in Algeria and constitute the productive
base of the major part of the cereal sector. These systems are threatened, however, by the marked
insufficiency of high-protein feedstuff, the overexploitation of forage and pastoral resources, the
increasing costs and/or the decreasing availability of irrigation water and mineral fertilizers, and
the increasing drought and heat stress arising from climate change. Feed resources are then una-
ble to satisfy the growing needs of livestock and a sharp deterioration in grazing lands has resul-
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ted in a feed deficit (Abd ElI Moneim and Cocks, 1986; Cocks and Thomson, 1988). This deficit
should be overcome by developing forage crops such as forage legumes and legumes / grass-
es associations (Abdelguerfi,1976; Leeuwrik, 1976; Krausse et al., 2008). Among arable forage
legumes in cereal semi-arid zones of Algeria, we can cite the genus Vicia (common vetch and
Narbon vetch) and Pisum (peas). These legumes are grown in pure and/or in combination with
one or more feed grains, including oats and/or triticale and could provide an abundant and of
excellent quality hay (Rihawy et al., 1987). In this context, this paper gives the results of the first
year of a set of forage crops conducted in pure stand and in association on fallow land in the
semi-arid region of Sétif (Algeria).

Il — Material and methods

An experiment was carried out in 2012-2013 at Sétif INRAA station (36° 9'26.30"N, 5°22’17.78"E,
altitude: 970 m) on fallow field. The soil is clay loam with a total rate of 35% limestone and a pH
of 7.2. The organic matter content is low. It has been worked lightly through 3 passages of cover-
crop. Seeding was made on October 27, 2012 and mowing on May according to the physiologi-
cal stages of each culture. Weather conditions were close to the typical climate of the region: mild
and dry autumn, cold and somewhat rainy winter, wet spring, hot and dry summer. The cumula-
tive annual rainfall is 403 mm and the snow concerned 18 days of February 2013. Forage resources
used are shown in Table 1.

Table 1. Characteristics of crop material used

Crop material Species Varieties Origin Observation
Triticale Tritical secal Amarillo CRA/ FLC (ltaly)

Common oat Avena sativa Bionda CRA/ FLC (ltaly)

Pea 1 (P1) Pisum sativum Attika CRA/ FLC (ltaly) Semi-dwarf
Pea 2 (P2) Pisum sativum Linea 1-27b CRA/ FLC (ltaly) Tall
Common vetch Vicia sativa Barril CRA/ FLC (ltaly)

Narbon vetch Vicia narbonensis Bozdag Turkey

The experimental design consisted of 4 blocks. Each block contained elementary plots of 4 x 3
m (12 m?) for each experimental crop grown in pure stand and each association between 2 fod-
ders (one grass and one legume) and 4 fodders (2 legumes and 2 grasses). The number of crop
variants was 64 (16 x 4). Seeding was made manually in lines spaced 25 cm with doses presen-
ted in Table 2.

Table 2. Seed doses employed

Seeding density (kg/ha)

Crop material

Pure stand Binary mixture Complex mixture
(pure stand/2) (pure stand/4)
Attika (P1) 168.73 84.37 42.18
Linea 1/27/b (P2) 159.16 79.58 39.79
Narbon vetch 144.90 72.45 36.23
Common vetch 81.05 40.53 20.27
Oat 91.37 45.68 22.84
Triticale 103.16 51.58 25.79
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Grasses received 160 kg N/ha while the pure legumes or associations profited from 50 kg N/ha.
The pure grasses received 50% nitrogen fertilizer at planting and the rest at tillering. Phosphorus
fertilisation was 120 kg P/ha for pure grasses and 300 kg P/ha for legumes in pure stand and in
association. The mowing was performed manually on the entire surface of each plot. Cuts were
done at following stages: waxy pods for legumes and early heading for grasses. Fresh weight is
made on site and the dry weight was obtained after oven drying (65°C for 72 h) of a sample of
200 g of each micro plot. A sample corresponding to the output of 1 m? was used for weighting
different botanical components. Statistics (mean comparison between crops within pure legumes,
pure grasses, binary associations and complex associations) were performed by XLSTAT ® soft-
ware (2013).

Ill — Results and discussion

1. Phenologic traits

The flowering and heading dates are presented in Table 3. They coincide with the optimum mow-
ing stage, corresponding to a satisfactory biomass and good nutritional quality. The crop materi-
al used has not shown good timing of these stages. Fodder peas were earlier than triticale and
especially oats (3 to 4 weeks for triticale and 5 weeks for oats). Vetches also showed a relative-
ly earliness (about 10 days for triticale and 2 weeks for oats). This prompted us to wait for the
waxy stage pods of legumes which coincide with the early heading grasses.

Table 3. Flowering dates / heading observed in different crop materials studied

Crop material Flowering / heading date First pod
Pisum sativum Atika (p1) 6 April 28 April

Pisum sativum Linea 1-27b (p2) 1 April 21 April

Vicia narbonensis Bosdag 19 April 2 May

Vicia sativa 17 April 5 May

Avena sativa 5 May

Triticosecale 28 April

2. Dry biomass production

Pure legumes: dry matter (DM) yields were correct (Table 4) for rainfed conditions. Both peas
and common vetch had productivities close to 4 t/ha. Narbon vetch showed a significantly lower
yield (about 3 t/ha). Pure grasses: oats and triticale tested recorded high biomass production
and close around 8 t/ ha. Binary associations: associations of different legumes with triticale
tested gave a remarkable production of more than 8 t/ha except for associations containing the
pea whose yields were around 7 t/ha. Legume crops with oats also gave significant results
(between 5 and 6.5 t/ha approximately) except Narbon vetch witch gave a significantly lower yield
unlike its combination with triticale. Complex associations: both grain forages, oats and triticale
gave a higher result with vetches than peas. This suggests that peas used have a low capacity
matching with tested triticale.
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Table 4. Average yields of pure and in combination fodders expressed in t/ha of dry

matter (whole plants)

Type of culture Dry Matter Yield (T/ha)
average SD
P1 3.79 a 1.05
P2 4.09 a 1.33
Vetch 416 a 0.73
Narb. vetch 2.83 ab 0.87
Oat 8.38 a 2.83
Triticale 8.69 a 1.59
Oat — p1 7.39b 3.43
Oat — p2 6.69 b 1.99
Triticale - p1 712b 3.42
Triticale — p 2 6.66b 2.14
Triticale — vetch 8.05 a 0.55
Oat - vetch 6.63 b 0.94
Oat — Narb. vetch 5.73 ab 1.73
Triticale — Narb. vetch 8.42 a 1.52
Oat, triticale, p1, p2 6.47 a 0.84
Oat, triticale, vetch, Narb. vetch 765b 2.07

A, b, ab: significant differences at 5% (comparisons made by type of crops (legumes in pure
grasses in pure binary complex associations and associations).

3. Botanical composition of associations

The rate of weed infestation was around 30%, which is very important. This is due to previous
crop (fallow) of the experimental field and the non use of herbicides. In all associations (Table 5)
we see a balanced legume/grass ratio (1/3, 1/3) except in a few cases such as Triticale — Narbon
vetch and oat-Narbon vetch where there is a clear dominance of weeds and triticale/oats. This
relativizes the yields of these forage crops. At the complex associations, we note poor perform-

ance of semi-dwarf pea and Narbon vetch.

Table 5. Botanical composition of associations (% of DM)

Triticale Oat Pea Vetch Narbonv. Weeds
Oat — p1 32.19 35.96 31.85
Oat — p2 37.54 33.12 29.34
Triticale — p1 33.15 30.03 36.82
Triticale — p2 33.58 31.58 34.84
Triticale — vetch 31.97 30.75 37.28
Oat - vetch 30.91 30.83 38.25
Triticale — Narbon vetch 36.41 17.42 46.17
Oat — Narbon vetch 36.29 20.94 42.78
Oat, triticale, p1, p2 28.30 28.30 0.00 27.46 32.56
Oat, triticale, vetch, Narbon v. 31.29 26.78 19.07 0.00 34.02
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IV — Conclusion

The results of the first year of this experiment showed interesting productive performance of tested
materials except for Narbon vetch. Low pairing was observed between the tested grass (too late)
and legumes (too early). The compromise on mowing stage of associations produced a slightly
richer DM fodder. High weed infestation was noticed because of the previous crop. Despite these
constraints the material tested has produced positive results and settings in the choice of variety
of species (peas and oats) could provide clues as to encouraging the development of promising
crops for fallow reduction and improved feeding conditions of livestock.
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Abstract. The nutritive value of arid browse collected from South-East of Algeria at Biskra was studied on the
basis of their chemical composition: dry matter (DM), organic matter (OM), ash, crude protein (CP), ether extract
(EE), fiber: NDF, ADF, ADL and acid insoluble ash (ASHINS), Ca, P, Na, K, Mg, Cu, Zn and Mn. The browse
species evaluated were the herbaceous Cynodon dactylon, Cyperus conglomeratus and the tree fodder Tamarix
africana. Dry matter ranged from 253 to 509 g/kg fresh matter. The OM, CP, NDF and ADF contents in all plants
ranged from 830 to 867, 110 to 143, 451 to 710, and 271 to 387 g/kg DM respectively. Acid insoluble ash and
ADL levels were high in C. dactylon: 74 and 111g/kg DM respectively. Minerals contents in all plants varied wide-
ly. Macro minerals were present in sufficient concentrations to meet ruminant’s requirement. Trace minerals lev-
els were marginal in terms of requirements. C. conglomeratus had a high Mn level (187 mg/kg DM).

Keywords. Chemical composition — Nutritive value — Arid and semi-arid area — Forage plants.

Etude comparative de la composition chimique de trois plantes fourragéres du Sud-Est algérien

Résumé. La valeur nutritive des plantes fourragéres de la zone aride du Sud-Est de Biskra en Algérie a été déter-
minée en se basant sur leur composition chimique. L'analyse a concerné les nutriments suivants. matiére seche
(MS) matiere organique (MO), matiere minérale, les protéines, les extraits éthérés, les fibores NDF, ADF et ADL,
les cendres insolubles dans I'acide et les minéraux (Ca, P, Na, K, Mg, Cu, Zn et Mn). Deux plantes herbacées,
Cynodon dactylon et Cyperus conglomeratus et I'arbre Tamarix africana ont été prélevés. Les taux de MS varient
de 253 a 509 g/kg de la matiere fraiche. Les teneurs en MO, en protéines et en fibres NDF et ADF déterminées
dans toutes les plantes sont variables respectivement de 830 a 867, 110 a 143, 451 a 710, et de 271 a 387 g/kg
MS. Les teneurs élevées en cendres insolubles et en ADL ont été observées chez C. dactylon: 74 et 111g/kg MS
respectivement. Les teneurs en minéraux varient d’une plante a une autre. Les minéraux majeurs sont présents
en quantité suffisantes pour répondre aux besoins des ruminants. Les éléments trace sont déficitaires dans la
majorité des plantes. C. conglomeratus avait le taux le plus élevé en Mn (187 mg/kg MS).

Mots-clés. Composition chimique — Valeur nutritive — Zones aride et semi-aride — Plantes fourrageres.

| — Introduction

The main forage plants in South-East of Algeria are the halophyte shrubs, some trees and herba-
ceous plants. The contribution of this native pastures to the nutritional requirements of domestic
animals is important in this area. Scarce and irregular precipitations, excessive temperatures,
drought, salinity and evapotranspiration in this area influence the life cycle and annual regrowth of
xerophytes plant (Haddi et al., 2009). The herbaceous plants like Cynodon dactylon and Cyperus
conglomeratus are well utilized by ruminants. Besides, our attention is focused on the tree Tamarix
Africana following its abundance in this area, its utilization as browse by small ruminants and
dromedaries and in addition it is evergreen over the year. The present study was undertaken to
assess and compare chemical composition of the following herbaceous: C. dactylon, C. conglome-
ratus and the Tamaricaceae tree T. africana, to understand if the domestic animals meet their
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needs in terms of energy, nitrogen and mineral nutrients in these regions and to help to manage
better the animal production and avoid possible nutritional deficits and their consequences on
animal health.

Il — Materials and methods

This study was carried out in south-east of Biskra at El-Haouch locality (5 N28’E30°15’) in south-
eastern Algeria. Forage plants were collected monthly (when available) from October 2002 to
July 2003. C. dactylon and C. conglomeratus (as grass plant) were sampled at ten and seven
occasions respectively. T. Africana (as a tree from Tamaricacae family) was sampled at nine
occasions. All plants were dried in air forced oven at 55°C for 72h and milled to pass 1mm screen
and stored in polypropylene bottles for subsequent analysis. Dry matter (DM), ash, crude protein
(CP), ether extract (fat) were determined using the AOAC procedures (AOAC, 1990). Calcium
(Ca), magnesium (Mg), potassium (K), sodium (Na), copper (Cu), zinc (Zn) and manganese (Mn)
were determined using an atomic absorption spectrophotometer after wet digestion in nitric and
perchloric acid (Arab et al., 2009). The photometric method using molybdovanadate was used to
measure phosphorus (P) concentrations in the forage plants (AOAC, 1990). Contents of neutral
detergent fiber (NDF), acid detergent fiber (ADF) were analyzed according to Van Soest et al.
(1991). Acid detergent lignin (72% H,SO4, ADL) and acid insoluble ash (ASHINS) were deter-
mined as described by Robertson and Van Soest (1981). All samples were analyzed in duplicate.
The chemical composition data obtained were analyzed statistically by using SAS procedure
(1989). We performed a one-way factor analysis of variance by performing the Fisher multiple
tests with significance levels of 5%.

Ill — Results and discussion

Table 1 shows the chemical composition of the forage. The DM levels were significantly high
(P<0.05) in T. africana, and C. dactylon (509, 484 g/kg of fresh matter) compared with the level
observed in C. conglomeratus. Our results are comparable with those obtained in shrubs locat-
ed in North-West of Tunisia ranging from 26 to 53% (Ammar et al., 2005). OM levels were sig-
nificantly higher in C conglomeratus (867 g/kg) compared to the levels of those observed in C
dactylon and T. Africana respectively 830 and 837 g/kg. The herbaceous C. dactylon had a low
DM level (830 g/kg), lower than the same plant in the tropical region: 945 g/kg. The ASHINS
(insoluble ash) levels were significantly high (P<0.05) in C. dactylon and C. conglomeratus (74
and 53 g/kg DM respectively). This is explained by the nature of the plants that grow close to the
ground and in the wadi beds and floodplains. Besides, climate in arid zones influences signifi-
cantly and results in an abundance of ash and insoluble ashes (ASHINS) in forage. However T.
africana had a low level of ASHINS (13 g/kg DM) compared to those of grain ranged from 28 to
41 g/kg DM (unpublished data).

The ether extract (EE) concentration in different plants species was low and ranging from 14 to
15 g/kg. These levels are very low compared to those obtained in trees at South-Africa ranging
from 33 to 44 g/kg DM (Lukhele and Van Ryssen, 2003). Feedstuffs containing less than 80 g/kg
DM of CP cannot provide the minimum ammonia levels required by rumen microorganisms to
support optimum activity (Al-Masri, 2013).

The herbaceous C. conglomeratus and the fodder tree T. Africana had an essential content of CP
respectively 143 and 142 g/kg DM versus 110 g/kg DM for C. dactylon. In many regions from the
world, trees have been used as feedstuffs for livestock, mainly because of their high protein con-
tents throughout the year that can be attributed to the ability of these plants to fix atmospheric
nitrogen. All the plants contained high fiber (NDF and ADF) and the differences between forage
species NDF and ADF contents were statistically significant (P<0.05) (Table 1).
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Table 1. Chemical composition (g/kg DM) of arid plants (mean * SD)

Forage DM OoM ASHINS EE CP NDF ADF ADL
C. dactylon 4842+ 12 830P+73 742+21 14+0.4 110°+22 7102 +29 3872+ 70 1112+ 20
(n=10)

T. Africana 5092+76 837°+66 13°+14 15+ 0.4 1422+41 451P+24 271°+ 26 89P + 26
(n=9)

C. conglomeratus 253"+ 58 8672+15 53°+19 15+ 0.4 1432+21 6562+ 12 3443+ 11 72P+29
(n=7)

DM: dry matter; OM: organic matter; EE: ether extract; CP: crude protein; NDF: neutral-detergent fiber; ADF:
acid-detergent fiber; ADL: lignin. P.¢. Means in the same columns for each parameter with different super-
script are different at P <0.05.

The NDF and ADF fiber are ranged respectively from 451 to 710 g/kg DM and from 271 to 387
g/kg DM. Similar results were reported for Tunisian and Mediterranean fodder shrubs (Ammar et
al., 2005) and for fodder trees from Syria (Al-Masri, 2013). It's known that the lignin is a physical
barrier to microbial enzymes and the lignin concentration of forages is negatively related to the
extent of digestion. C. dactylon was more lignified (P<0.05) than the two other species. The macro
and trace mineral concentrations in different plants are presented in Table 2. Mineral imbalances
(deficiencies or excesses) in soils and forages have long been held responsible for low produc-
tion and reproductive problems among grazing ruminants (Mcdowell and Valle, 2000). All plants
had P content varied from 2 g/kg (T. africana) to 3 g/kg DM (C. conglomeratus). These levels are
higher than that of trees fodder reported by Lukhele and Van Ryssen (2003) in South Africa. T.
Africana had a high level of Ca: 21 g/kg DM. Ca: P ratio varied widely, being particularly high in
T. Africana (11 g/Kg DM). The Ca: P ratios ranged from 1:1 to 2:1 are ideal for growth and bone
formation for ruminants. Low P and high Ca concentration resulted in an unusually wide Ca: P
ratios. It seems that browsing small ruminants (goats, sheeps and white-tailed deer) can sustain
high Ca: P without being affected P metabolism (Ramirez-Orduna et al., 2005). Levels of K and
Na were high in different plants. The Mg concentration ranged from 2 to 9 g/kg DM in respec-
tively C. conglomeratus and T. Africana. According to recommend requirements for ruminants
(see Table 2), macro mineral levels in studied plants were well above requirements.

Table 2. Mean concentrations of minerals in the different plants species (g/kg DM for macro minerals
and mg/kg DM for trace minerals)

Forage P Ca CalP K Na Mg Mn Cu Zn
C. dactylon 32+04 13b+2 5b+1 30b%5 6°+1 3°+04 56Px24 9zx2 562%7
(n=10)

T. Africana 20406 2128 1125 24P+6 462+24 92+ 4 27+ 11 9+3 42°+10
(n=9)

C. congl. 32+0.6 10P+3 4°x1 622+17 12°+5 2°+04 1812+71 11+2 33°+6
(n=7)

Ruminants

requirements  1.8-4.8 1.8-8.2 - 6-8 0.6-1.8 1-2 50-60 10 50-60
(mg/kg DM)*

Goat

requirements 2.7 2.6 — 2.2 0.7 1.7 30 9 30

(mg/kg DM)**

ab.c Means in the same columns for each parameter with different superscript are different at P <0.05.
* Recommended requirements by (INRA, 1978 and Meschy, 2010).
** Recommended requirements by (NRC, 1981; Kessler, 1991 and Ramirez-Orduna et al., 2005).
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Trace mineral concentrations of the three arid forages varied from deficient, lower and sufficient
than the requirements for domestic ruminants according to the NRC (1981) and those reported
by Meschy (2010). The Mn level in C. conglomeratus (181 mg/kg DM) was significantly higher
(P<0.05) compared to other plants. The Cu concentrations in all plants were similar and the dif-
ference observed is not significant (P>0.05).

IV — Conclusions

Forage plants studied from arid area are essential in supporting basic nutritional requirements of
domestic ruminants. The CP content in T. Africana and C. conglomeratus could be effective protein
supplements for ruminants grazing poor quality grass. Regarding major minerals in these plants
they were present at sufficient levels to fulfill in the requirements of ruminants. However, trace
mineral was slightly deficient and supplementation could be necessary.

References

Al-Masri M.R., 2013. Nutritive value and anti-nutritional components of leaves of some salt-tolerant tree
species. In: Livestock Research for Rural Development, 25, 2, 9 p.

Ammar H., Lépez S. and Gonzalez J.S., 2005. Assessment of the digestibility of some Mediterranean
shrubs by in vitro techniques. Animal Feed Science and Technology, 119, p. 323-331.

AOAC., 1990. Official Methods of Analysis, 15t ed. Association of Official Analytical Chemists, Washington,
D.C., USA.

Arab H., Haddi M.L. and Mehennaoui S., 2009. Evaluation de la valeur nutritive par la composition chim-
ique des principaux fourrages des zones arides et semi-arides en Algérie. Revue Sciences et Techno-
logies, C, 30, p. 50-58.

Haddi M.L., Arab H., Yacoub F., Hornick J.L., Rollin F. and Mehennaoui S., 2009. Seasonal changes in
chemical composition and in vitro gas production of six plants from Eastern Algerian arid regions. In:
Livestock Research for Rural Development, 21, 4, 11 p.

INRA, 1978. Alimentation des ruminants (R. Jarrige, ed), INRA Editions, Versailles, 621 p.

Kessler J., 1991. Mineral nutrition of goats. In: Morand-Fehr P. (Ed.), Goat Nutrition. EAAP: Pudoc. p. 104-119.
McDowell L.R. and Valle G., 2000. Major Minerals in Forages. In: Givens D.I., Owen E., Axford R.F.E. and
Omed H.M. Forage Evaluation in Ruminant Nutrition. New York. USA: CABI Publishing, p. 373-397.

Meschy F., 2010. Nutrition minérale des ruminants. Editions Quae. RD10, 208 p.

NRC., 1981. Nutrient requirements of domestic animals. No 15. Nutrient requirements of goats. National
Research Council. National Academy of Sciences, Washington D.C., USA.

Lukhele M.S. and Van Ryssen J.B.J., 2003. The chemical composition and potential nutritive value of the
foliage of four subtropical tree species in southern Africa for ruminants. South African Journal of Animal
Sciences, 33 (2), p. 132-141.

Ramirez-Orduna R., Ramirez R. G., Gonzalez-Rodriguez H. and Haenlein G.F.W., 2005. Mineral content
of browse species from Baja California Sur, Mexico. Small Ruminants Research 57:1-10.

Robertson J.B. and Van Soest P.J., 1981. The detergent system of analysis. In: James W.P.T and Theander
O (Editors). The analysis for diatery fiber in food. 123. Marcel Dekker, NY. 158 p.

SAS., 1989. Statistical Analysis System: User’s guide. SAS. Institute Cary NY USA. 943 p.

Van Soest P.J., Robertson J.B. and Leis B.A., 1991. Methods for dietary fiber, neutral detergent fiber, and
non-starch polysaccharides in relation to animal nutrition. Journal of Dairy Sciences, 74, p. 3583-3597.

114 Options Méditerranéennes, A, no. 109, 2014



Chemical composition and fatty acid profiles of
some local forage resources in southern Tunisia

N. Ayeb’*, M. Hammadi'!, M. Addis? and T. Khorchani'

1Livestock and Wildlife Laboratory, Arid Regions Institute, 4119, Médenine, University of Gabés (Tunisia)
2Laboratory of Chemistry, Department of Animal Production Research, AGRIS. Sassari.SS 291 (ltaly)
*e-mail: naziha.ayeb@yahoo.fr

Abstract. In arid areas, livestock feed is based on the use of rangelands and other local feeds harvested and dry
range species and weeds as natural hay locally called “khortane”. Other resources are commonly used such as
dried Stipa tenacissima L. and dried olive leaves. The aim of this study was to evaluate chemical and fatty acid
composition of local feeds (khortane, S. tenacissima and dried olive leaves and oat hay). A large variability in
chemical composition was observed among the different feeds. Crude protein content was higher in khortane
(12.17% DM). S. tenacissima had the highest NDF content (P<0.05). The results obtained for the fatty acids com-
position showed that the highest polyunsaturated fatty acids and monounsaturated fatty acids content were
observed in khortane (7.64 and 47.7% respectively). The saturated fatty acids content was higher (P<0.05) in S.
tenacisima followed by dried olive leaves, oat hay and khortane (67.09, 57.19, 45.99 and 44.66% respectively).
The omega-3 was significantly higher (P<0.05) in the khortane (24.33%) compared to oat hay, dried olive leaves
and S. tenacissima (12.51, 12.49 and 10.25% respectively) because it is rich in pastoral species.

Keywords. Arid area — Local resources — Chemical composition — Fatty acids.

Composition chimique et profils en acide gras de quelques ressources fourragéres dans les zones
arides de Sud-Tunisien

Résumé. Dans les zones arides, I'alimentation du bétail, est basée sur I'utilisation de la végétation des par-
cours paturée ou par la récolte des especes spontanées séchées sous forme de foin localement appelé le
« khortane ». D’autres aliments de récolte sont couramment utilisés, tels que les feuilles d’olivier séchées et
le Stipa tenacissima. L'objectif de ce travail était d’évaluer la composition chimique et le profil en acides gras
de quelques ressources locales (khortane, S. tenacissima, feuilles d’olivier séchées et le foin d’avoine). Les
fourrages analysés présentaient une grande variabilité de composition chimique. La teneur en matieres azo-
tées totales était supérieure dans le khortane (12,17% MS). Les teneurs en NDF étaient les plus élevées
dans S. tenacissima. Les résultats obtenus sur la composition en acides gras ont montré que le khortane
avait les plus fortes concentrations en acides gras polyinsaturés et mono-insaturés (7,64 et 47,7% respecti-
vement). La teneur en acides gras saturés était plus élevée chez S. tenacissima (67,09%) comparé aux
feuilles d’olivier (57,19%), au foin d‘avoine (45,99%) et au khortane (44,66%). Les oméga-3 étaient signifi-
cativement plus élevés dans le khortane (24,33%) que pour le foin d’avoine (12,51%), les feuilles d’olivier
séchées (12,49%) et S. tenacissima (10,25%) parce qu’il est riche en especes pastorales (2,33, 12,51, 12,49
et 10,25% respectivement pour le khortane).

Mots-clés. Zone aride — Les ressources locales — La composition chimique — Les acides gras.

| — Introduction

In arid areas, ruminants depend mainly on pasture and grain cereals. Because the high feed
prices in the market, it is difficult to provide enough grain to feed the animals. Other feed resources
are used to maintain the production of ruminants such as hay of natural grass (khortane), oat or
alfalfa, agricultural by-products (cereal bran and straw, dried olive and fig leaves, olive cakes,
wasted palm dates and stones) and harvested S. tenacissima (Visser et al., 2002). These feeds
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may contain variable amounts of fat and polyunsaturated (PUFA). Diets based on pasture can
improve the nutritional quality of milk and meat by shifting their fatty acids (FA) composition to-
ward less saturated FA and more PUFA, especially omega-3 (Dewhurst et al., 2006). Recently,
much effort has been made to study the fatty acid (FA) profile of forage in relation to meat and
milk quality with regard to potential health aspects. Most studies on the FA composition of indi-
vidual species were carried out on legume species (Dewhurst ef al., 2001; Elgersma et al., 2003).
Data on alternative forage species are scarce. The pastoral resources are an important part of
the diet of ruminants producing milk and meat. The aim of this study was to determine the chem-
ical and fatty acid composition of some feeds used in Tunisia.

Il — Material and methods

Feedstuffs used in the study were: oat hay, khortane, dried S. tenacissma and dried olive leaves.
Oat hay was purchased in the market. S. tenacissima L, was hand-harvested on native rangelands
from the Benikdeche Mountains (South-East Tunisia) during the late growing period (April), air-
dried, stored in a dry area and then used in periods of drought. Khortane was harvested during the
spring season from Djefera region. It was composed of several annual and perennial species of
which the most representative were Launaea resedifolia (44%) and Lolium multiflorum (30%) on
specific contribution basis. Dried olive leaves were supplied from the neighbouring private farmers.

Forages dried at 60°C were ground to 1-mm screen size to determine the chemical composition.
The ash content was determined by incinerating samples in a furnace at 600°C for 6 h and crude
protein (CP) was determined by Kjeldahl method (AOAC, 1190). Analysis of neutral and acid
detergent fiber (NDF, ADF) was done according to the method described by Goering and Van
Soest (1970).

The fatty acid composition was determined after extraction by the method of Folch et al., (1957).
Methylation was carried out according to the method of Chin et al., (1992).

1. Statistical analysis

Data were statistically analysed by ANOVA (SPSS, 11.5) to determine the effect of feed types (oat
hay, khortane, dried S. tenacissma and dried olive leaves) on the chemical composition and fatty
acid profile. Statistical significance of the difference between feeds was tested using Duncan’s
new multiple range test (o = 5%).

Il — Results and discussion

1. Chemical composition

The chemical composition showed differences (P<0.05) in nutrient content between feeds (Table
1).The DM content of khortane was high, which can be explained by the late stage of maturity of
the foliages at the time of collection. The ash content ranged from 2.93% DM in S. tenacissima
to 11.40% DM in oat hay. The CP content (% DM) ranged from 5.39 in S. tenacissima to 12.17
in khortane. The CP content in oat hay was comparable (6% DM) to the value in tables (Jarrige,
1988). In the case of khortane, floristic composition influences the chemical composition. The
increase of Leguminosae and Compositae families proportion increase the CP content (Ayeb,
2009). The CP content of S. tenacissima was in the range of values observed by Genin et al.,
(2007). CP content obtained in olive leaves was between the values (77-105 g/kg DM) recorded
by Moujahed et al. (2000). The CP content in forage was related both to the presence of leaves
and to the stage of cutting. Among the forages measured, we can assume that khortane has the
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advantage of supplying to the animal a diet rich in CP. Therefore, these feed types could be asso-
ciated with a feed of low nitrogen content, such as straw, S. fenacissima and oat hay, to improve
the level of CP in the diet.

The NDF and ADF content were different (P<0.05) among the forages. They tend to be higher in
S. tenacissima followed by oat hay, khortane and dried olive leaves (Table 2). In oat hay, NDF
and ADF content in the present study was lower than the value (75.7 and 48.1% DM) observed
by Moujahed et al. (2011). The NDF and ADF values for S. tenacissima were higher than those
reported by Laudadio et al. (2009) (74.6 and 47.2% DM). In dried olive leaves, ADF content was
higher than the values 29.9% DM reported by Moujahed et al. (2000).

Table 1. Chemical composition of the used feeds (% DM)

Feeds Khortane S. tenacissima Dried olive leaves Oat hay P
(n=6) (n=5) (n=6) (n=4)

DM (% FM) 88.86 be 92.512 87.25°¢ 90.04 © <0.0001
Ash 11.34 @ 293P 11.322 11402 <0.0001
CP 1217 4@ 5.39¢ 8.80 P 6.60 be <0.0001
NDF o 53.06 ¢ 73.99 2 31.03d 57.71°b <0.0001
ADF o 29.32¢ 556.512 30.35¢ 42.72° <0.0001
CuD ., 59.87 @ 33.98° 59.84 @ 55.10 @ <0.0001

DM, dry matter (en % of fresh matter; CP, crude protein; NDF, neutral detergent fibre; ADF, acid detergent fibre.

Table 2. Fatty acids composition (% fatty acids methyl ester) of studied forages

Fatty acids Khortane  S. tenacissima Dried olive leaves Oat hay SEM P
(n=7) (n=38) (n=38) (n=38)

C16:0 26.68 P 20.48 ¢ 32984 30.35 ab 0.08 <0.0001
C18:0 4.09b 6.08 2 6.432 5472 0.26 0.0083
C18:1 6.94 b 6.43° 17.36 2 16.17 @ 1.12 <0.0001
C18:2 20.50 @ 11.20° 9.84¢ 21.00° 1.37 0.0006
C18:3 24332 10.25b 12490 12.51° 1.07 <0.0001
C22:0 4892 4492 2.16° 2.99b 0.25 <0.0001
C20:5 2.87b 4502 2.38b 3.01° 0.23 0.0027
C24:0 3.24¢ 2417 @ 5.58b 1.27°¢ 1.72 <0.0001
SFA 44.66 © 67.09 2 57.19° 4599 ¢ 2.06 <0.0001
MUFA 7.64° 6.96 © 18.012 17.052 1.18 <0.0001
PUFA 47.07 @ 25.95¢ 24.71°¢ 36.52° 1.91 <0.0001

SEM: Standard error of mean.
a,b: Means in the same line with different superscripts are significantly different (P < 0.05).
SFA: saturated fatty acids; PUFA: polyunsaturated fatty acids; MUFA: monounsaturated fatty acids.

2. Fatty acid composition

All feeds have a significantly different (P<0.05) FA composition (Table 2). Saturated fatty acids
(C16:0; C18:0; C 22:0 and C 24:0) were higher in S. fenacissima than other feeds. The values of
C18:1 were higher in dried olive leaves. However, Conte et al. (2010) reported that the oleic acid
(C18:1) was largely predominant in olive by- products. The highest (P<0.0001) concentrations of
PUFA, particularly C18:3, were observed in khortane, which can be explainedby it's composition
of grass. French et al. (2000) showed that the grass accumulate higher levels of n-3 fatty acid
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and PUFA and lower AGS. Also, The forage with high amounts of PUFA, particularly C18:3, are
searched in diet of animals. Moreover, the linolenic acid content in forage increases the content
of omega-3 fatty acids in animal products (Wyss et al., 2006).

VI - Conclusion

It could be concluded that the chemical composition of used feeds is diversified; some of them is
rich in CP and others are rich in FA. Diets with forage-rich pastoral species, showed a clear ad-
vantage in terms of PUFA, which have very positive impact on human health.
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Abstract. The effect of seed rate and harvest stage of forage turnip as companion crop on forage yield and
quality of alfalfa stand in the establishment year was studied. Beside to yield, crude protein, ADF, NDF, Ca,
Mg, P and K ratios were determined for pure stands and mixtures. Yield values were given as total of sea-
son for all plots. The results showed that companion crop, its seed rate and harvest stage showed significant
effect (p< 0.01) on yield and quality of alfalfa stand in the establishment year. Total yield of mixtures was high-
er than pure stand alfalfa. In general, forage and protein yield were higher when plots are harvested at the
full flowering stage of companion crop. The highest forage (10.91 t ha') and protein yield (2.01 t ha™') were
obtained from the alfalfa seeded with 0.6 kg/da companion crop harvested at full flowering stage.

Keywords. Alfalfa — Forage turnip — Companion crop — Forage yield.

Les effets du navet fourrager (Brassica rapa L. var. rapa) cultivé en association sur la production et
la qualité de la luzerne

Résumeé. L'effet de la densité de semis et de la date de récolte du navet fourrager cultivé en association avec
la luzerne a été étudié sur la production et la qualité du fourrage. En plus de la production, les teneurs en
matiéres azotées totales, en ADF, NDF, Ca, Mg, P et K ont été déterminées sur les cultures pures et les
meélanges. Les valeurs de production sont données pour I'ensemble de la saison. Les résultats montrent que
la culture associée, sa densité de semis et son stade de récolte ont un effet significatif (P<0.01) sur la pro-
duction fourragére totale et la qualité de la luzerne. La production des mélanges était supérieure a celle de
la luzerne seule. En général, la production de biomasse et de protéines était supérieure lorsque les parcelles
ont été récoltées a la pleine floraison de la culture associée. Les productions fourragére (10,91 t ha') et de
protéines (2,01 t ha'!) maximales ont été obtenues lorsque la luzerne est semée avec 0,6 kg/ha de navet
fourrager récolté en pleine floraison.

Mots-clés. Luzerne — Navet fourrager — Culture associée — Production fourragere.

| — Introduction

Alfalfa is a small-seeded, slow-growing perennial legume, making it sensitive to adverse soil and
climatic conditions and weed infestation during early growth. So, sowing with companion crop is a
common practice for alfalfa. Companion crops also provide additional forage in the seedling year.
Using small grains such as wheat, oats and barley to establish alfalfa is a long-standing tradition,
however, cereals compete with alfalfa seedlings for light, water and nutrients (Cupina et al., 2000).
To limit this competition, proper selection of companion crop species and varieties, and timely har-
vest are critical for long-term highly productive alfalfa stand.

Early maturity is important character to avoid competition and allow more time to grow the alfal-
fa seedlings. In this respect, brassicas can be good alternative as companion crop. The turnip
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(Brassica rapa L. var. Rapa) belongs to the Brassicaceae family, is an important vegetable source
and is also used as forage for sheep and cattle. Turnip is deep-rooted cover crop that can reduce
surface and subsoil compaction, scavenge N, and suppress weeds (USDA 2013).

In this study, we determined the effect of forage turnip as companion crop on total yield and qual-
ity of alfalfa stand in the establishment year.

Il — Materials and methods

The effect of the forage turnip (Brassica rapa L. var. rapa) as a companion crop, its seed rates
and harvest stages on alfalfa stand was investigated in seedling year. The experiment was estab-
lished in Yozgat-Turkey ecological conditions (39°39'00” N / 34°29°'37” E) in autumn 2012. The
soil at the experimental site taken 30 cm depth is classified as clay-loam with pH:7.34, low organ-
ic matter (1.82%), medium P,0; (6.07 kg/da) and high K,O (201.77 kg/da) content. Annual rain-
fall, average temperature and moisture are 330 mm and. 11.8 °C and 54.8% respectively in the
experimental site.

Bilensoy variety of alfalfa and Lenox variety of turnip were used as plant material. Forage turnip
was sown at four seeding rates (0, 0.4, 0.6, 0.8, 1, 1.2 kg/da) with alfalfa (2 kg/da) in the 6 alter-
native rows (FT:A:FT:A.) with 20 cm distance and 5 m lenght. Alone turnip was sown by 1 kg /da
seed rate with 40 cm row distance. The experiment was sown according a split-plot design with
three replications on October 16. A dose of 4 kg/da N and 12 kg /da P,05 was applied to plots
after sowing. The plots were harvested at two different stages depending on turnip, at 50% flow-
ering and full flowering stages. After companion crop removed in the first cutting, alfalfa was har-
vested five times when it comes to early flowering stage and, was irrigated after each cutting. To
create similar effect as in the mixture, alone alfalfa plots were divided two parts and each part
was cut at the same time and same height with companion crop. Total forage yield and mean
quality in the treatments were determined as fallows;

(YEr Kep%o)+(Y a1 ™Xpq Yot +Y 55" Xp5%)
Quality = y ; Yieldyiy = (Yep) + Yaq +t X5

Total

Qality: CP, AND, NDF and mineral content. Y: yield A: alfalfa. FT: turnip. X; ratio of quality traits
in forage.

To determine forage yield, plant samples were dried at 68°C until constant weight. Then samples
were ground to pass though 1 mm screen for quality analyses. Crude protein (CP), Acid Detergent
Fiber (ADF), Neutral Detergent Fiber (NDF), Ca, P, Mg and P contents were determined by using
Near Reflectance Spectroscopy (NIRS, ‘Foss XDS’) with software package program ‘IC-0904FE’.
The data were subjected to analysis of variance by means of SPSS V 10.0 (SPSS Inc., 1999).
Differences among means were separated by using Duncan Multiple Range Test.

Ill — Results and discussion

The effect of seed rate and cutting stage of companion crop was significant (p<0.05, p<0.01) on
yield and many of quality traits of alfalfa in the establishment year (Table 1). Compared with sole
sowing, forage yield was markedly higher in alfalfa seeded with companion crop. However,
majority of this yield was produced by the companion crop at the first cutting. Total forage yield
of alfalfa was higher when the companion crop was removed at full flowering stage compared to
50% flowering stage (Table 2), clearly due to the further growth of companion crop. In addition,
sole alfalfa produced more yield in the second cutting treatment. Although it is very early for alfal-
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fa, to create similar effect, alone alfalfa plots were harvested at the same period as the mixtures.
So, this result indicates that alfalfa growth is adversely affected by early harvest.

Considering seed rate of companion crop, the optimum ratio was 0.6 kg/da (Table 2). This mix-
ture produced the highest forage yield at both harvest stages of companion crop. Lower rate of
companion crop created low plant density per area, led to formation of robust plant which were
more leafy and tall, while higher rates of it led to dense but weak plants. In both cases, the pres-
sure on alfalfa increased, but the yield of companion crop markedly decreased.

Table 1. Analysis of variance for quality and yield traits on cutting stage and seed ratio of companion
crop in alfalfa

Traits HY CP CPY ADF NDF Ca K P Mg
Cutting > ns ns ns Ns * * ns ns
Treatments > > > ns Ns * > ns *

Cut. X Treat. o * ns ns Ns * o * ns

* P<0.05, ** P<0.01, *** P<0.001, ns: non significant.

Table 2. Forage yield, crude protein content and yield of alfalfa under different seed ratio and cutting
regime of companion crop

Hay yield (t ha™) Crude protein (g kg™) Crude protein yield (t ha™)

Treatments
Stage1 Stage2 Mean Stage1  Stage 2 Mean Stage1 Stage2 Mean

Alfalfa (A) 473 ef 534de 503d 2485a 237.9abc 2432a 1.18 1.27 1.22b
Turnip (T) 166g 4.69ef 317e 2425ab 1491d 1958b 0.39 0.70 0.56 ¢
A+T g4yg 486ef 837b 6.61bc 2017 ad 1629d 1823b 0.99 1.35 1.16 b
A+T o6k 641c 1091a 866a 183.1cd 183.0cd 183.2b 1.18 2.01 1.59 a
A+T ggkg 956 cde 840b 6.98b 179.7 cd 171.2d 1753b 1.00 1.46 123 b
A+T 10y 605cd 607cd 6.06c 1955ad 1928a-d 1940b 1.18 1.16 117 b
A+T (1249 3.98f 656c¢c 527d 1748d 1899bcd 1825b 0.70 1.25 0.97 b
Mean 475B 7.19A 203.7 183.8 0.94 1.31

As excepted, mean crude protein content was the highest in pure alfalfa (Table 2). However, the
greatest protein yield was obtained from the treatment of A + T 0.6 kg/da owing to its high yield.
The effect of the treatments was not significant on final ADF and NDF content in forage (Table 3).
Mineral matter contents showed significant changes depending on cutting stage and treatment.
After detailed examination of the data, it can be stated that the change is largely caused by the
companion crop. The changes in Ca and K content between cutting stages can be attributed to
maturity of forage turnip.

In terms of mineral content, pure stands were advantageous with a slightly higher values com-
pared to mixtures. This deficiency can be compensated with supplementary feeding. So, forage
turnip as companion crop can offer great benefits for producing high yielding and quality forage
in alfalfa stand in the establishment year. This contrasts with Waddington and Bittman (1984),
who stated that rapeseed which is taxonomically in the same family as turnip should not be used
as a companion crop for legumes.
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Table 3. Quality values of alfalfa under different seed ratio and cutting regime of companion crop

ADF (g kg™) NDF (g kg™)

Treatments

1st Cut. 2st Cut. Mean 1st Cut. 2st Cut. Mean
Alfalfa (A) 261.9 2821 272.0 393.9 415.0 404.5
Turnip (T) 279.5 389.2 3344 354.5 498.8 426.7
A+ T (0.4 kg) 297.8 370.7 334.3 390.7 509.1 449.9
A+ T (0.6 kg) 305.8 348.3 327.1 413.0 483.5 448.2
A+ T (0.8 kg) 304.2 363.6 333.9 415.1 501.4 458.3
A+ T (1.0 kg) 286.6 350.3 318.5 387.2 467.7 427.5
A+T(1.2kg) 306.5 354.6 330.6 410.5 493.3 451.9
Mean 291.8 351.3 395.0 481.3

Ca (g kg") K (g kg™)

Treatments

Stage 1 Stage 2 Mean Stage 1 Stage 2 Mean
Pure Alfalfa 13.80 a 14.53 a 14.17 a 26.87 c 25.93 cd 26.40 c
Pure Turnip 14.13 a 1220 a 13.17 a 39.73 a 22.50 de 3112 a
A+ T (0.4 kg) 13.50 a 13.80 a 13.65 a 3547 b 20.77 e 28.12 bc
A+ T (0.6 kg) 13.57 a 14.03 a 13.80 a 32.90 b 25.23 cd 29.07 ab
A+ T (0.8 kg) 13.00 a 12.87 a 1293 a 3217 b 2123 e 26.70 bc
A+ T (1.0 kg) 13.10 a 13.77 a 1343 a 33.77b 24.37 cde 29.07 ab
A+T(1.2kg) 5.83b 12.83 a 9.33b 33.20b 22.80 de 28.00 bc
Mean 1242 B 1343 A 3344 A 23.26 B

P (g kg™) Mg (g kg™)

Treatments

Stage 1 Stage 2 Mean Stage 1 Stage 2 Mean
Pure Alfalfa 4.03 bc 3.87 bcd 3.95 2.97 2.70 2.83a
Pure Turnip 483 a 3.13e 3.98 2.47 1.80 213b
A+ T (0.4 kg) 4.07 b 3.13e 3.60 217 217 217b
A+ T (0.6 kg) 3.80 bcd 3.43 cde 3.62 217 217 217b
A+ T (0.8 kg) 3.80 bcd 3.33 de 3.57 1.87 1.93 1.90 b
A+T (1.0 kg) 4.07 b 3.60 b-e 3.83 1.83 2.10 197 b
A+T(1.2kg) 3.73 b-e 3.47 b-e 3.60 2.07 2.07 2.07b
Mean 4.05 3.42 2.22 213

IV — Conclusions

The present study showed that alfalfa seeded with companion crop produced high forage and pro-
tein yield compared to pure stand in the establishment year. However harvest stage and seed rate
of companion crop had also significant effects. The seed rate of 0.6 kg/da for the companion crop
and removed at full flowering is a best treatment in alfalfa establishment for yield and quality.
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Trifolium isthmocarpum Brot: biosaline
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Abstract. Trifolium isthmocarpum Brot. (Leguminosae), occurs in different habitats in Morocco. It grows in
moderately saline areas where traditional forage legumes cannot be cultivated. However, its existence has
not been widely studied despite its good palatability. The salt tolerance was studied between natural field con-
ditions and greenhouse. The extensive field studies have recorded the species in many different habitats
ranging from healthy agricultural lands to abandoned saline areas. The plants maintained high nodulation
capacity (ranging between 70% and 97%) and nitrogenise activities (average 2.05 pmol C,H, plant™ h™) in
different habitats. Shoot systems of plants collected from salt-affected soils exhibited higher concentrations
of Na* and CI- than those collected from healthy soils. Greenhouse experiments showed that germination
percentage and vigor value of the studied species was not significantly (P > 0.05) affected at 160 mM NaCl,
and that 25% of the germination ability was maintained when growing on substrates containing 220 mM NaCl.
The growth rate of seedlings was not significantly affected by 160 mM NaCl but was reduced by 38% under
220 mM NaCl. This study recommends the cultivation of T. isthmocarpum in salt-affected soils, which are
widespread and pose a problem for the farmers of Morocco and other countries in the world’s arid belt.

Keywords. Pasture crop — Salt-affected land — Trifolium isthmocarpum Brot. — Wild Legumes.

Le Trifolium isthmocarpum Brot : culture sur sols salins pour la production de fourrage et I’élevage

Résumé. L’espéce Trifolium isthmocarpum Brot., est une légumineuse présente dans différents habitats au
Maroc. Elle pousse dans les zones modérément salines, ou les légumineuses fourrageres traditionnelles ne
peuvent pas étre cultivées. Cependant, elle n’a pas été largement étudiée malgré sa bonne appétence. La
tolérance au sel a été étudiée dans les conditions naturelles et en serre. Des études de terrain ont recensé
I'espéce sur différents habitats, allant de terres agricoles saines aux zones salines. Sur les habitats étudiés,
I'espece a maintenu une capacité de nodulation élevée (entre 70% et 97%) ainsi que son activité de nitro-
génase (en moyenne 2,05 umol C,H, plant™ h'?). Les plantes prélevées dans les sols salins présentent des
concentrations plus élevées en Na* et CI- que celles prélevées dans les sols non salins. Les expériences en
serre ont montré que le pourcentage de germination et la vigueur de I'espece étudiée n'ont pas été signifi-
cativement (P > 0,05) affectées a 160 mM de NaCl, et que 25% de la capacité de germination a été mainte-
nue lors de la croissance sur des substrats contenant 220 mM de NaCl. Le taux de croissance n’a pas été
significativement affecté par 160 mM de NaCl. Toutefois, il a été réduit de 38% sur 220 mM de NaCl. Cette
étude suggere de recommander la culture de T. isthmocarpum sur des sols salins, qui sont largement répan-
dus et posent un probléme pour les agriculteurs du Maroc ainsi que d’autres pays des zones arides.

Mots-clés. Paturage — Terres salinisées — Trifolium isthmocarpum Brot. — Légumineuse sauvage

| — Introduction

Morocco is one of the countries which is seriously affected by salinity; 33% of its cultivated land
is salinized (Cherkaoui et al., 2007). However, an understanding of the range of salinity that var-
ious legumes can tolerate is central to their use in programs for re-vegetation of saline lands
(Behdani et al., 2008). The present study focused on salt tolerance of annual legumes, which can
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offer economic and environmental benefits. Moreover, they avoid salinity concentrations which
reach the peak in summer and autumn in Mediterranean environment. Trifolium is a leguminous
genus, characterized by high seed yields, high nitrogen fixation rates, and important value in crop
rotations. Generally, Trifolium species are recognised as being salt-sensitive. However, research
undertaken on a limited number of species (Gibberd et al., 2001) suggests that species do vary
in their response and that further research, may be beneficial in identifying species, that are suit-
ed to mild or moderate saline. Trifolium isthmocarpum Brot (annual clover) is one of these clovers
that have not been researched largely. It is grown in moderately saline areas where traditional
forage legumes cannot be grown in different habitats in Morocco. Few authors mentioned T. isth-
mocarpum in their studies and generally occurred in laboratory. For example, Rogers and West
(1993) noted the superior tolerance of T. isthmocarpum compared to T. subterraneum L. and T.
purpureum Loisel. However, salt tolerance may differ between laboratory or greenhouse and nat-
ural field conditions owing to the complex interaction of a number of edaphic and climatic factors.
The present work investigates the performance of T. isthmocarpum under both field and labora-
tory conditions to evaluate its potential for use as a fodder crop in salt-affected soil in Morocco.

Il — Materials and methods

The seeds of T. isthmocarpum used were from the seed bank of the National Institute of Agro-
nomic Research of Rabat. The study was conducted in two sites: the experimental station Guich
in Rabat (34°03’ N, 06°46’ O) on sandy soil, pH 7.3, organic matter (1.5%), phosphorus (65 ppm)
and potassium (159 ppm) (determined by atomic absorption spectrometry Perkin-Elmer Corp.,
Norwalk, CT, USA). Subhumid bioclimatic domain. Average rainfall is 500 mm. This site was used
as a control essay, with unsalted irrigation water: 0.56 dS/m. The second site was Benabid,
affected by the problem of salinity, 10.9 dS/m of irrigation water (wells). This site is an agricultur-
al area, subjected to a continental and oceanic influence. It is located at 33°51" N, -07°81’on
sandy loam soil, pH 7.5, moderately rich in organic matter (2.28%), with sufficient phosphorus
content (222.54 ppm) and potassium (386.5 ppm). The average annual rainfall was 480 mm
when the experiment was carried out (December 8, 2010). The experimental design was a ran-
domized complete block design with three replications, the basic plots are 1 m? each containing
24 plants. The space between the plots was 1 meter and the space between the two blocks was
two meters. The irrigation frequency was: 10 days at the beginning of the culture and twice per
week from the beginning of the four leaf stage. The plants were analysed to determine nodule
number and nodulation percentage. They were determined at the beginning of flowering, from
germination at 10% of heading. Nitrogenase activity of the legume-Rhizobium symbiosis was
determined according to the methods described by Witty and Minchin (1988). The concentrations
of soil minerals Na*, K*, Fe3*, Ca2*, and Mg?* were determined using a Perkin 403 atomic absor-
ption spectrophotometer (Anghel et al., 1999). CI- was quantified following titrametric method
(Begum et al., 1997). The germination rate was measured to determine the ability of the plant to
reproduce after its culture under saline conditions. The seeds of T. isthmocarpum were placed in
sterilized Petri dishes with 5 ml of the treatment solution: 0 (control), 80, 160, and 220 mM of
NaCl. Three replicates of 20 seeds were used in each treatment. The germination rate is
expressed as the ratio of number of germinated seeds on the total number of seeds (TG = (n/
N) x 100) where n: number of germinated seeds, N: total number of seeds placed in germination.
Germination speed (vigor value) was calculated using the following formula: V = (a/1 + b/2 + ¢/3
+ d/4 +...+ x/n) 100/S, where a, b, c,...x, respectively, represent the number of seeds that ger-
minated after 1, 2, 3,...n days of incubation, and S is the total number of germinated seeds. The
data were analysed using the Statistical Analyses System software. Significant differences
between treatment means were determined using LSD test at the 0.05 probability level.
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Il — Results and discussion

The studied plants showed high nodulation percentages (ranging between 70% and 97%) and
nitrogenase activities (average 2.05 ymol C,H, plant™ h'1) at two different habitats (Table 1). The
highest values of protein content were recorded in plants collected from salt-affected soil
(Benabid). The nodulation percentage varied among individuals collected from different habitats.
Giller (2001) provides a general overview of environmental constraints to nodulation and nitro-
gen fixation, as indicative of the importance of environmental stresses to Rhizobia. This variation
can be also explained by the different prevailing environmental conditions. One of the interesting
finding in this study was the important nodulation percentage and nitrogenase activity recorded
in the T. isthmocarpum plants, which gives the species economic importance as it can be used
to enhance soil fertility. Shoot systems of plants collected from salt-affected soil exhibited higher
concentrations of Na* and CI- than those collected from healthy soil by more than twofold, and
showed a reduction in K* content of about 30% (Table 1). Nutrient deficiencies can occur in plants
when high concentrations of Na* in the soil reduce the amounts of available K*, Mg?*, and Ca?*
(Al-Abdoulhadi, 2012) or when Na* displaces membrane-bound Ca2*. In addition, Na* may have
a direct toxic effect, such as when it interferes with the function of potassium as a cofactor in var-
ious reactions. Many of the harmful effects of Na*, however, seem to be related to the structural
and functional integrity of membranes (Hasegawa et al., 2000).

Table 1. Average of nodulation, nitrogenase activity, shoot ion content and protein content of
T. isthmocarpum collected from different habitats. (Five plants per replication)

Guich site Benabid site
Nodule plant™ 69 £4.2 56+ 1.8
Nodulation (%) 97 +7.2 80+ 3.6
Nitrogenase activity (umol C,H, planth-) 3.1 £0.02 2.02 £ 0.07
Protein (g/kg dry weight) 267 +9.8 318+ 5.5
Na* (mmol/g DM) 1.14 £ 0.01 248 +0.18
CI (mmol/g DM) 0.68 £ 0.12 1.7 £0.09
K* (mmol/g DM) 1.87 £ 0.06 1.33 £ 0.05

There is no significant difference on seed yield between the two sites. However, the germination
capacity of harvested seeds during the experiment was sensitive to salinity. It was highly depend-
ent (p <0.001) to culture conditions. The ability of seeds native of Benabid, to germinate in NaCl
treatment was important than those native of Guich. Germination percentage and vigor value of
seeds native of Benabid was not significantly (P > 0.05) affected at 80 or 160 mM NaCl, where-
as, 26% germination ability was maintained at 220 mM NaCl (Table 2). The selection of species
tolerant to salinity needs first to study the behavior of their seeds during germination.

Table 2. Effect of NaCl on germination, vigor value (germination speed) and seed yield of
T. isthmocarpum

0 mM 80 mM 160 mM 220 mM LSD
Guich site Germination % 100 90 40 26 0.4
Vigor value 30 28 15 11 0.03
Seed yield per plant (g) 24.2 19.1 17.2 13.0 0.78
Benabid site  Germination % 98 89 78 45 0.01
Vigor value 30 30 26 15 0.26
Seed yield per plant (g) 245 222 18.4 16.1 0.15
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The high germination percentage and vigor value (germination speed) of T. isthmocarpum recorded
under salinity treatment is a very important character from the ecological point of view. Nichols et
al. (2008) suggest that annual pasture legumes adapted to saline environments must have high
salinity tolerance as seedlings or mechanisms to avoid germination at times of high salinity. The
ability to germinate and establish seedlings on saline land is particularly important for annual pas-
ture legumes, which must repeat this process each year. The seeds were collected from plants
living in saline soils, which would be expected to exhibit salt tolerance during the germination
stage, as a result of natural selection (Hameed and Ashraf, 2008).

IV — Conclusions

The high ability of the studied species to germinate, grow, and fix nitrogen under salt stress in
both field and laboratory studies recommends its cultivation as a fodder crop and as a soil ame-
lioration plant on salt-affected soils. More long-term studies with a wider taxonomic base would
be needed to reach general conclusions on the natural selection in response to salinity.
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Abstract. The study was conducted in Boussada district, in the arid Saharan Atlas region with the objective
of evaluating the chemical composition and in situ rumen degradation of Algerian browse plants collected
from arid rangelands. Six browse plant species were used in this study: four dicotyledon plants namely Atri-
plex halimus, Artemisia herba-alba, Astragalus gombiformis and Calobota saharae and two monocotyledon
plants, namely Lygeum spartum and Stipa tenacissima. Nylon bags containing foliage samples of each spe-
cies were incubated for 0, 24 and 96 h (as indicators of solubility, degradation rate and potential degradabili-
ty of the forages) in the rumen of three Merino sheep fitted with rumen fistula. Forages showed different
(P<0.001) DM and NDF dissapearance rates. After 96 hours of incubation time, the highest in sacco DM dis-
appearance was observed for A. gombiformis (0.85 g/g DM incubated) and the lowest was obtained with S.
tenacissima (0.31 g/g DM incubated). In summary, dicot plants with high protein, low fiber and high DM rumi-
nal degradability could be regarded as interesting roughages for use as ruminant feedstuffs.

Keywords. Algerian arid areas — Browse plants — Chemical composition — Nutritive value — Rumen.

Dégradabilité ruminale de plantes Algériennes collectées dans les régions arides

Résumeé. Cette étude a été menée dans la région de Boussada avec pour objectif 'analyse chimique et I'éva-
luation de la dégradation in sacco de plantes algériennes. Quatre plantes dicotylédones: Atriplex halimus,
Artemisia herba-alba, Astragalus gombiformis, Calobota saharae et deux plantes monocotylédones: Lygeum
spartum et Stipa tenacissima sont utilisées. Des sacs en nylon contenant un échantillon de chaque substrat
sont incubés a 0, 24 et 96 h (comme indicateurs de solubilité, taux de dégradation et potentiel de dégrada-
bilité des fourrages) dans le rumen de trois moutons de race Mérinos munis de fistules. Les disparitions in
situ de la matiere seche (MS) et des parois végétales totales (NDF) ont été significativement différentes entre
les fourrages (P<0.001). Aprés 96 heures d’incubation, la disparition in situ de la MS la plus élévée est obser-
vée pour A. gombiformis (0.85 g/g MS) alors que la valeur la plus faible est obtenue pour S. tenacissima (0.31
g/g MS). En conclusion, les plantes dicotylédones avec un contenu élevé en protéines, une faible concen-
tration en fibres et une bonne dégradabilité ruminale, peuvent étre envisagées comme des plantes intéres-
santes pour I'alimentation des ruminants.

Mots-clés. Composition chimique — Plantes — Rumen — Valeur nutritive — Zones arides algériennes.

| — Introduction

The hill areas of northern atlas Algerian region have traditionally been used to rise sheep and goats,
which can browse substantial amounts of shrubs to meet their nutrient requirements. Forages are
the major and cheapest source of energy for ruminants. Improvement in forage fibre digestion
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increases the energy available to ruminants (Jalilvand et al., 2008). Despite their potential as feeds,
little research has been completed to determine their nutritive value.

The in situ rumen disappearance and in vitro gas production techniques are useful for rapid
screening of feeds to assess their potential as energy sources for ruminants (Preston, 1995). The
gas production technique has proved to be more sensitive than the in situ nylon bag technique
for determining the nutritive value of feeds containing inhibitory compounds, such as tannins.
Khazaal et al. (1994) showed that physical binding of tannins to substrate could be detected in a
nylon bag incubated in the rumen, although effects such as toxicity to microbes and binding to
enzymes would be diluted and difficult to detect.

The objective of this study is to evaluate the nutritive value of various shrub species by determi-
ning chemical composition and in situ dry matter and NDF disappearances of these forages.

Il — Materials and methods

Plant material was collected in Bousaada district, north central Algeria (N 35° 15.768’, E 04°
13.885’, 496-981 m altitude), in the Saharan Atlas region. Six browse plant species were used in
this study: four dicotyledon plants namely Atriplex halimus L., Artemisia herba-alba Asso, Astra-
galus gombiformis Pomel and Calobota saharae (Coss. & Durieu) Boatwr. & B.-E. van Wyk (for-
merly Genista saharae or Spartidium saharae) and two monocotyledon plants, namely Lygeum
spartum Loefl. ex L. and Stipa tenacissima L. Samples were collected when plants were at a flo-
wering (A. halimus, A. gombiformis and L. spartum) or at a mature stage (the rest of species).
Between six and ten specimens of each plant species were sampled to obtain a representative
aliquot of the edible biomass, taken to the laboratory, pooled, oven-dried at 50°C (Makkar, 2003),
and ground to pass a 1 mm screen.

The procedure to measure in situ disappearance has been described in detail by Lopez et al.
(1999). In situ DM and neutral detergent (NDF) degradability in the rumen of each browse spe-
cies was determined as the DM and NDF disappearances when samples (3 g DM) weighed in
nylon bags (45 um pore size and 7.5 x 15 cm size) were incubated in the rumen of three fistu-
lated Merino sheep (body weight 49.4 + 4.23 kg) for 24 and 96 h (3 bags per sample and incu-
bation time, one in each sheep). At the end of incubation, bags were removed from the rumen,
rinsed with cold tap water and washed in a washing machine with cold water for 3 cycles of 3 min
each. The washed bags were dried in a forced draft oven at 100°C for 48 h, and the residual DM
used to calculate DM and NDF disappearances at each incubation time. Two bags per sample
were washed following the same procedure without being previously incubated in the rumen to
estimate DM disappearance at 0 h.

One way analysis of variance (Steel and Torrie, 1980) was performed on in situ data, with browse
species as the only source of variation (fixed effect) and sheep (random effect) as a blocking fac-
tor. Tukey’s multiple comparison test was used to determine which means differed from the rest.
Analysis of variance was performed using the GLM procedure of the SAS software package
(SAS Institute, 2008).

Ill — Results and discussion

Chemical composition and in vitro fermentation kinetics of the browse foliage have been report-
ed elsewhere (Boufennara et al., 2012), and the results presented herein are complementary to
the informational ready published.

The CP content (Boufennara et al., 2012) of the plant species samples varied widely, being par-
ticularly high for A. gombiformis (223 g kg™' DM) and low for the grasses L. spartum and S. tena-
cissima (73 and 75 g kg™! DM, respectively). Protein content in dicotyledon species ranged wide-
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ly from 109 to 223 g kg™' DM and was always greater than in monocotyledon grasses. In gener-
al, monocots had higher NDF and ADF and lower lignin contents than dicots, whereas A. halimus
and A. gombiformis showed low lignin contents.

Data of DM and NDF disappearances are shown in Table 1. In situ DM disappearance were varia-
ble (P<0.05) across the examined forages. The lowest in situ DM degradabilities were observed in
monocotyledons (being particularly low for S. tenacissima), whereas dicots had significantly higher
values. Similar trends have been observed for the in vitro fermentation kinetics estimated form the
gas production (Boufennara et al., 2012). After 96 hours of incubation time, the highest in sacco DM
disappearance was observed for A. gombiformis (0.85 g/g DM incubated) and the lowest was
obtained by S. tenacissima (0.31 g/g DM). These results could be explained for A. gombiformis by
the low levels of cell wall fraction NDF, ADL and also by their high concentrations of CP. The
increase in the DM disappearance observed in the case of A. gombiformis and A. halimus may be
due either to solubilization and dilution of phenolic compounds or simply to the loss of fine particles
from the bags. In agreement with Lucci et al. (1989), the potential of degradation of the dry matter
of the legumes was higher than that of the grasses, although after 96 h L. spartum showed a high-
er value than C. saharae. In sacco NDF disappearance was consistently ranked with the exception
for L. spartum: dicots > monocotyledons (P<0.05). The highest value was recorded for A. gombi-
formis while S. tenacissima showed the lowest cell wall degradability (P<0.001). These results are
consistent with their respective cell wall content (Boufennara et al., 2012).

Particle losses by washing the substrates studied are comparable with those recorded by Ghor-
bani and Hadj-Hussaini (2000). However these results are high compared with those noted by
Arhab et al. (2006). These differences may be due either to the nature of the substrate, or the po-
re size of the bags and/or to the sample/contact area ratio (Michalet-Doreau and Noziére, 1999) or
to the technique of washing used (De Boer et al., 1987).

Table 1. In situ DM and NDF disappearances (g/g DM) of Algerian forages
DM NDF
Oh 24 h 96 h Oh 24 h 96 h

Family Substrate

Dicotyledons

Chenopodiaceae A. halimus 0.414>  0.7392  0.810> 0.206°® 0.496@ 0.604°

Asteraceae A. herba-alba 0.335° 0.503° 0.634° 0.2532> 0.409°¢ 0.487¢

Fabaceae — Leguminosae A. gombiformis ~ 0.4982  0.676° 0.8492  0.189¢° 0.5012  0.6452
C. saharae 0.263¢9  0.490°d 0.538¢ 0.173°%d 0.193¢  0.262d

Monocotyledons

Poaceae — Gramineae L. spartum 0.2619  0.486°4 0.611¢  0.2722  0.443> 0.598P
S. tenacissima 0.114®  0.196° 0.314®¢ 0.122°® 0.155® 0.225¢

R.S.D.f 0.012 0.017 0.018 0.067 0.013 0.016

 Residual standard deviation.
a b, ¢, d, e Different superscripts in the same column indicate significant differences (P<0.05).

According to Mertens (1993), the factors of a physical nature such as crystallinity and degree of
polymerization of the polysaccharides of the cell walls can have a significant effect on the kinet-
ics of degradation, as well as lignin content. The specific examination of the kinetic data of the
studied substrates reveals that the in situ NDF fraction degradation occurs mainly between 24
and 96 hours. Differences are also observed between species of the same family. These differ-
ences are principally attributed to the high lignin content and total nitrogen content, as well as the
high losses of particles that may contain NDF fraction not recovered in the residue. The fraction
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of crude protein and phenolics compounds does not seem to play a significant effect on the
process of in situ degradation of the cell wall. These results are consistent with the works of many
authors (Apori et al., 1998). The potential role of phenolic compound on ruminal fermentation is
poorly detected by in sacco method (Apori et al., 1998). Indeed, the effect of the anti-nutritive fac-
tors, which are unlikely to be detected using in sacco method, could account for the differences
between the two methods. In the in vitro gas production technique, which is a batch system with
limited supply of rumen fluid, these anti-nutritive factors remain in the fermentation medium and
affect rumen microbial activity. Conversely, in the in sacco technique, which is an open system with
real rumen environment with a continuous microbial activity and growth, the inhibition would be
transient. Khazaal et al. (1994) reported that the technique of in vitro gas production is more sen-
sitive than in sacco technique for determining the nutritive value of forages containing tannins.

IV — Conclusions

Combined use of chemical analysis, an in vitro gas production and an in situ incubation technique
is advocated to determine the nutritive value of feeds containing phenolic compounds. On the
basis of these techniques, A. gombiformis, A. halimus and A. herba-alba have better nutritive po-
tential for sheep grazing hill areas of Boussada district in north Algerian desert than L. spartum,
C. saharae and S. tenacissima.
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Biomass production and quality value
of pastoral species in the Rif Mountains
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Abstract. Rangelands represent the most important feed sources for goats in the Northern Morocco. The
objective of the present study was to assess the biomass production and chemical composition of pastoral
species in the Rif Mountains. This study was conducted in silvopastoral areas (Beni Arouss) exclusively used
by goat herds. Five sample plots were selected using the method of stratification. To measure biomass of
shrubs a reference module method was applied. For eight pastoral species, selected by the goats, dry mat-
ter (DM), crude protein (CP), mineral matter (MM), fat matter (FM), and crude fiber (CF) were performed
according to the AOAC procedures. The pasture was characterized by an average diversity level of pastoral
flora (60 species) dominated by shrubs. The biomass produced was 3,428 kg DM ha™! composed for 75% by
Cistus crispus, Inula viscosa, Pistacia lentiscus and Quercus ilex. For chemical composition, DM (20.2% to
50.4%), CP (1.3% to 3.5%), MM (3% to 16.8%), FM (3% to 12.5%), CF (11.1% to 24.8%) varies between Ca-
licotome villosa, C. crispus, Erica arborea, I. viscosa, Q. ilex, Lavandula stoechas, Olea europea, and P. len-
tiscus. The continuous use of pastoral resources and lack of pasture management in Beni Arouss area has
considerably reduced the palatable pasture species and has allowed the appearance of low pastoral value
species such as Arisarum vulgare, and Coriaria myrtifolia. To ensure the sustainability of pastoral resources,
breeders should lead appropriate rangeland management actions.

Keywords. Biomass — Chemical composition — Silvopastoral — Rif Mountain.
La production de biomasse et la qualité des espéces pastorales dans les montagnes du Rif

Les parcours représentent la source d’alimentation la plus importante pour les caprins dans le Nord du
Maroc. L’objectif de cette étude est d’évaluer la production de biomasse et la composition chimique des
especes pastorales dans les montagnes du Rif. Cette étude a été menée dans des zones sylvo-pastorales
(Beni Arouss) exclusivement utilisées par des troupeaux de caprins. Cinq placettes d’échantillonnage ont été
choisies en utilisant la méthode de stratification. Pour mesurer la biomasse des arbustes, la méthode du
module de référence a été appliquée. Pour huit especes pastorales, les plus utilisées par les caprins, les
teneurs en matiere séche (MS), matiere azotée totale (MAT), matiere minérale (MM), matiere grasse (MG),
et cellulose brute (CB) ont été déterminées selon les procédures de 'AOAC. Le péaturage est caractérisé par
une diversité floristique moyenne (60 especes) dominée par les arbustes. La biomasse produite est de 3428
kg MS ha?! composée a 75% par Cistus crispus, Inula viscosa, Pistacia lentiscus et Quercus ilex. Pour la
composition chimique, la teneur en MS (20,2% a 50,4%), en MAT (1,3% a 3,5%), en MM (3% a 16,8%), en
MG (3% a 12,5%), et en CB (11,1% a 24,8%) varient entre Calicotome villosa, C. crispus, Erica arborea, .
viscosa, Q. ilex, Lavandula stoechas, Olea europea et P. lentiscus. L'utilisation continue des ressources pas-
torales et I'absence d’une gestion des paturages dans la région de Beni Arouss a considérablement réduit
les especes fourrageres appétibles et a permis I'apparition d’especes a faible valeur pastorale tels que Ari-
sarum vulgare et Coriaria myrtifolia. Pour assurer la durabilité des ressources pastorales, les éleveurs doi-
vent mener des actions appropriées de gestion des parcours.

Mots-clés. Biomasse — Composition chimique — Sylvopastoral — Montagne du RIf.
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| — Introduction

Mediterranean forests are rich in plant species and life forms (Le Houérou, 1981). They consti-
tute an important year-round source of feed for livestock. In the Rif Mountains, forest pasture are
traditionally an integral part of the feeding calendar of goats and consequently of the pastoral sys-
tems of the region. These forest pastures are used and overexploited throughout the year and
most are characterized by shrub vegetation. The forest has undergone profound changes induc-
ing major malfunctions between pastoral supply and demand in silvopastoral areas (FAO, 2011).
This imbalance is mainly due to climate change, overgrazing, population and especially bad
operating practices of silvopastoral resources such as limbing (Chebli et al., 2012a).

For a sustainable and integrated development of pastoral and forest resources, it is essential to
establish a resource assessment system.

We conducted this study in a pastoral area of the Moroccan Rif Mountains (Beni Arouss) exclu-
sively used by goat's herds to assess pastoral production by botanical composition and biomass
production of major pastoral species and their chemical composition.

Il — Materials and methods

The study was carried out in Bouzabhri, located in the Northern Morocco. Bouzahri is a part of the
Beni Arouss region; it is characterized by private croplands and domanial forest. The pasture,
concerned in our study, is located at 35°28’ N 5° 60’ W and between 260 to 430m above sea
level. The climate is Mediterranean, with rainfall exceeding 500 mm/year.

The area of study is a forest rangelands exploited by goat breeders. The study was conducted
over a period of eight months to assess the species composition and the productivity of pastoral
plants by evaluating the vegetation qualitatively and quantitatively.

The qualitative evaluation of vegetation concerned floristic diversity and chemical composition.
For floristic diversity, in each sampling period, a herbarium was collected to determine the floris-
tic composition. For chemical composition, mainly for eight pastoral species, the most selected
by the goats, dry matter (DM), crude protein (CP), mineral matter (MM), fat matter (FM), and cru-
de fiber (CF) were performed according to the AOAC procedures (AOAC, 1997). This qualitative
evaluation was performed during the month of May and June 2013.

For quantitative evaluation and in order to control spatial heterogeneity, the stratification method
as proposed by Qarro (1996), Kouraimi (1997) and Chebli et al. (2012b) was used. Shrubs bio-
mass was measured using a non-destructive method known as the reference module. We iden-
tified five quadrats in order to analyze the heterogeneity of silvopastoral area. The size of the
quadrats adopted to measure the phytomasse is 2m x 5m. This quantitative evaluation was per-
formed during the month of May 2012 and 2013, corresponding to the vegetative peak which is
considered the ideal time for the measurement of the vegetation (Qarro 1996, Kouraimi 1997).
Several interviews with breeders were carried out during the study period to gather information
on grazing processes and to complete the database on the species characterization.

Ill - Results and discussion

The study area is characterized by a relatively rugged topography with moderately elevated slopes.
The vegetation mainly consists in shrubs. The soil is poor and strongly susceptible to erosion.
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1. Botanical composition

Floristic composition has revealed the existence of sixty plant species mainly dominated by
shrubs. With our field observation and interviews conducted with breeders, different plant species
dominating the site and who constitute more than 70% of the species selected by goats were
identified: Ajuga iva L. (Schreber), Calamintha nepeta L. (Kuntze), Cistus crispus L., Cistus mon-
speliensis L., Erica arborea L., Lavandula stoechas L., Lythrum junceum L., Mentha pulegium L.,
Mentha rotundifolia L. (Hudson) and Pistacia lentiscus L. Compared to previous years breeders
have noticed, appearance of other unpalatable species invading grazing areas. This situation is
explained mainly by the lack of adequate management of rangeland, causing overexploitation of
pastoral resources and contributes to appearance of low palatability species. According to obser-
vations and interviews conducted with breeders, we observed the appearance of degraded areas
dominated by annual unpalatable plant species such as Arisarum vulgare (Targioni-Tozzetti) and
Coriaria myrtifolia L.

2. Chemical composition

The chemical composition was performed for the most consumed species by goats in the pas-
toral area (table 1). Pastoral species in Bouzahri pasture have a DM content exceeding 29%,
except /. viscosa. The content of MM is important in /.viscosa (16.82%) and L. stoechas (9.60%).
It does not exceed 7% for the other species. The most palatable species are characterized by
low levels of CP (1.30 to 2.90% DM), a moderate composition of CF (11.10 to 29.55% DM) and
high levels of FM for 50% of the species analyzed (7.17 to 12.51% DM). The values of other
parameters differ depending on pastoral species studied (Table 1).

Table 1. Chemical composition of the main pastoral species in Bouzahri pasture

Pastoral species DM' (%) MM (%) SD CP (%) SD FM (%) SD CF (%) SD

Calicotome villosa 29.42 4.40 0.19 3.45 0.06 2.93 046  29.55 0.19
Cistus crispus 39.85 6.23 0.45 1.36 0.03 12.51 0.28 16.55 1.44
Erica arborea 4513 2.97 0.10 1.30 0.03 8.68 0.21 22.59 0.25
Inula viscosa 20.16 16.82 0.28 2.83 0.06 10.20 0.10 16.22 1.18
Lavandula stoechas 36.09 9.60 0.38 1.78 0.02 4.90 0.13 2295 1.35
Pistacia lentiscus 32.01 5.51 0.46 2.90 0.02 3.40 0.14 11.10 0.25
Olea europea 50.35 5.14 0.09 1.40 0.09 717 0.06 22.00 0.57
Quercus ilex 42.04 3.34 0.41 1.78 0.02 2.48 0.08 24.75 1.54

T DM: dry matter; MM: mineral matter; SD: standard deviation; CP: crude protein; FM; fat matter; CF: crude Fiber.

3. Biomass production

This pasture was characterized by an average diversity level of pastoral flora dominated by
shrubs. Grazing is practiced throughout the year except during rainy days where breeders use
limbing. The grazing time does not exceed 6 hours per day. Biomass production of palatable
species is estimated to 3428 kg DM per hectare, composed for 75% by C. crispus, I. viscosa, P.
lentiscus and Q. ilex (fig.1). The biomass production of pastoral species is decreased of 34.1%
between 2012 and 2013 (5,205 kg ha! vs 3,428 kg ha-! DM; Chebli, 2012c). This difference can
be explained in part by continuous use of pastoral resources and lack of appropriate pasture
management.
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Fig. 1. Bimoass production of palatable species in Bouzahri pasture in 2012 and 2013.

IV — Conclusions

On the basis of our results related to the chemical composition we state that the most palatable
species are characterized by a low levels of protein, a moderate amount of crude fiber and high
levels of fat for 50% of the species analyzed. This pastoral area is under degradation and char-
acterized by the presence of unpalatable species and the decrease of palatable biomass. To
ensure the sustainability of pastoral resources in this area, breeders should adopt an appropri-
ate rangeland management actions and reduce overgrazing by using rotational grazing systems
to allow regeneration of palatable species. For further study, we suggest investigating the rela-
tionship between palatability and plant chemical composition or digestibility in order to complete
the results obtained in this work.
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Evaluation of forage yield and quality
of forage turnip x legume mixtures
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Abstract. Forage turnip (Brassica rapa L. var. rapa) was sown with common vetch (Vicia sativa L.), Hungarian
vetch (Vicia pannonica Crantz) and pea (Pisum sativum L.) as binary mixtures with two seeding ratios (25:75,
50:50) for forage production. Each species was also sown as pure crop. The experiment was established in
autumn 2012. The mixtures and pure forage turnip were harvested when forage turnip was at full flowering
stage. Pure legume plots were harvested when they were at full flowering stage. Forage yield and quality
(crude protein, ADF, NDF, Ca, Mg, P and K contents) were measured. Results revealed that all the mixtures,
especially the mixture of 75% Hungarian vetch + 25% forage turnip, had higher forage yield than pure stands
of forage turnip and legumes and satisfactory crude protein content.

Keywords. Forage turnip — Vetch — Pea — Mixture.

Evaluation de la production et de la qualité de mélanges navet fourrager x légumineuses

Résumé. Du navet fourrager (Brassica rapa L. var. rapa) a été semé en mélange binaire avec de la vesce
commune (Vicia sativa L.), de la vesce de Hongrie (Vicia pannonica Crantz) et du pois (Pisum sativum L.)
avec deux proportions dans le semis (25:75, 50:50) pour la production fourragere. Chaque espece a égale-
ment été semée en pur. L’'expérimentation a été implantée a I'automne 2012. Les mélanges et les especes
pures ont été récoltés lorsque le navet fourrager était en pleine floraison. La production et la qualité du four-
rage (teneurs en matiéres azotées totales, ADF, NDF, Ca, Mg, P et K) ont été mesurées. Les résultats mon-
trent que tous les mélanges, en particulier le mélange semé avec 75% de vesce de Hongrie + 25% de navet
fourrager, avaient une production supérieure a celle des espéces pures de navet fourrager et de légumi-
neuses et des teneurs en matieres azotées totales satisfaisantes.

Mots-clés. Navet fourrager — Vesce — Pois — Mélange.

| — Introduction

Livestock play a key role in the Turkish agricultural economy. However, quantity of animal prod-
ucts still remains below the country’s needs mainly due to insufficient forage and feed produc-
tion. The strategies performed for bridging the gaps in demand and supply of feeds and fodder
include increasing forage yield and improving pastures. Considering that it takes a long time for
perennial pasture improvement and there are economic limitations to increase forage area, the
best way is seen to increase yield of annual forage crops. One way to increase forage yield
should be to include forage legumes in mixed cropping systems (Ross et al., 2004).

Mixing forage pea and vetches with cereals to improve quality and yield is a common practice in
the forage stands. These mixtures of legume and non-legume species also provide weed con-
trol, easy harvest, and reduce forage loss resulted from trait on the ground (Tan and Serin, 1996;
Anlarsal et al., 1996). Besides cereals, other erect grown crops such as brassicas can be seed-
ed with wrapping-growth (bed in plants) legumes. Rankin (1989) reported that positive results for
forage turnip — legume mixtures in forage production regarding yield and quality.
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Forage turnip is a popular crop especially in cold regions of the world. It has a broad-leafed, plen-
ty habits and a high digestibility. Dry matter yield of forage turnip is close to legumes with slightly
lower values. However, anti-nutritional compounds (erucic acid, glycosides, and nitrate sinapine)
can cause damage to animals, in case it is used for animal feeding. Thus legume x turnip mixtures,
in addition, eliminates or decrease the anti-nutritional effects of forage turnip (Hertrampf and
Pascual, 2000). Maturation-dependent decrease in nutrient content in turnip is faster than in legu-
mes and, best stages of turnip for quality are vegetative and flowering stages (Canbolat, 2013).

In the present study, forage turnip — legume mixtures established at different seed rates were
evaluated for yield and quality.

Il — Materials and methods

This study was conducted in the experimental fields of Agriculture and Natural Sciences Faculty,
Bozok University in 2012-2013 growing season. The experiment was arranged in randomized
block design with three replications. The soil taken from 30 cm depth is classified as clay loam
with pH: 7.62, 2.17% DM, 7.7% CaCOg, 11.57 kg da™ P,0O5 and 222,85 kg da™ K,0.

As plat material, Lenox variety of forage turnip (Brassica rapa L. var. rapa), Seymen variety of
common vetch (Vicia sativa L.), Altinova-2002 variety of Hungarian vetch (Vicia pannonica
Crantz) and Ozkaynak variety of pea (Pisum sativum L.) were used. Four different mixture rates
(%100 legume, %75 legume + %25 forage turnip, %50 legume + %50 forage turnip, %100 fora-
ge turnip) were tested. Sowing was done manually in September 26, 2012. Four lines 5 m long
and 30 cm apart were sown for each plot. The seed in pure stands were amounted 1 kg da™! for
forage turnip, 12 kg da™! for legumes as reported by (Avcioglu et al., 2009).

The experiment was fertilized with 4 kg da™' N and 12 kg da™ P,O; and irrigated for ensuring ger-
mination of plants (same N fertilisation for all plots, with or without legume). The mixtures and
pure forage turnip were harvested when forage turnip was at full flowering stage. Pure legume
plots were harvested when they were at full flowering stage.

After harvest, species were hand separated in samples of mixtures. Each species dried at 60°C
for 48 hours and was weighed. By using species dry weight, the rates of species in hay mixtures
and total forage yield were determined. The dried samples were milled with a herb grinder. Crude
protein, ADF (Acid detergent fiber), NDF (Neutral detergent fiber), Ca, Mg, P and K (g kg™') were
determined by IC — 0904FE package program and device Near Infrared Reflectance Spectroscopy
(NIRS) (Foss 6500). NIRS analyses were performed separately for legumes and forage turnip and
results were multiplied by species yield percentage to calculate mixture quality. According to ran-
domized blocks design, the data were evaluated by statistical package program SPSS10.0.

Il — Results and discussion

The effects of the treatments on the investigated traits except K and Ca contents, in analysis of
variance, were significant (Table 1, 2). Forage yield was the highest in Hungarian vetch (HV) x
turnip (T) mixture with the 75% HV + 25% T and the lowest in pure turnip. The highest crude pro-
tein content was found in the mixture of 50% Common vetch (CV) + 50% T. However, 75% HV +
25% T mixture produced the highest protein yield owing to its high yield. Same authors, who have
done similar research reported that legume x cereal mixtures produced higher forage yield com-
pared to its pure stands (Suzer and Demirhan, 2005; Gummadov and Acar, 2007), and increase
ratio of legumes in mixtures caused higher protein content in forage (Buyukburc et al., 1989; Ross
et al., 2004). Pure turnip had the highest ADF and NDF content while pure legumes especially
pea had the lowest. There is no significant difference among mixtures for ADF and NDF contents.
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Sowing treatments did not show significant effects on Ca and K content, statistically (Table 2).
However, the effect of the treatments was significant for Mg (p<0.05) and P (p<0.01). The pure
seeded common vetch had the highest Mg content while the highest P content was obtained from
the mixture of 50% CV + 50% T. All these results indicate that forage turnip x legume mixtures
investigated generally advantageous for forage yield and quality than their pure seeding.

Table 1. Average values of forage yield, crude protein content, crude protein yield, ADF and NDF in
forage turnip x legume mixtures and pure crops

Treatments Forage yield Crude protein Crude protein ADF NDF

(t ha)f (g kg")f yield (tha”)" (g kg")"  (gkg™)
Pure turnip 447 f 126.7 ¢ 0.56 e 477.7 a 632.7 a
Pure Hungarian vetch 10.32 ¢ 208.7 ab 215 bc 344.0 cd 4453 ¢
Pure common vetch 7.54 ¢ 206.3 ab 1.55d 338.3d 503.7 bc
Pure field pea 7.29 ¢ 216.0 ab 1.56d 293.0e 457.7 ¢
50% HV + 50% T 8.77 de 199.7 ab 1.75 cd 388.0 bc 523.7b
75% HV +25% T 17.40 a 195.3 ab 3.40a 400.7 b 563.0 b
50% CV +50% T 8.57 e 228.7a 1.95 cd 380.7 bcd 562.7 b
75% CV +25% T 12.85b 201.0b 259b 383.0 bcd 533.3 b
50% FP +50% T 10.05 cd 181.7b 1.82 cd 386.7 bcd 554.7 b
75% FP +25% T 8.54 e 220.0 ab 1.86 cd 357.3 bed 5513 b
f: p<0.01.

Table 2. Average values of Ca, Mg, P and K content in mixtures with forage turnip,
common vetch, Hungarian vetch and pea and pure crops

Treatments Ca (g kg™) Mg (g kg™)* P (g kg™ )it K (g kg™)
Pure turnip 11.00 1.67d 3.00d 25.00
Pure Hungarian vetch 13.33 2.00 bc 4.00 cd 30.33
Pure common vetch 12.67 3.00 a 4.00 cd 32.33
Pure field pea 12.67 2.67 ab 4.00 cd 30.00
50% HV + 50% T 13.67 2.00 bc 6.33 ab 32.00
75% HV + 25% T 12.67 2.33 abc 5.67 ab 31.33
50% CV + 50% T 13.00 2.33 abc 7.00 a 35.00
75% CV + 25% T 13.33 2.00 bc 5.33 bc 31.33
50% FP + 50% T 12.67 2.00 bc 5.33 bc 27.33
75% FP + 25% T 13.00 1.67d 6.67 ab 33.33

t: p<0.01, T: p<0.05.

IV — Conclusions

The present study demonstrated that forage turnip can be seeded with legumes such as vetch-
es and field pea and produce higher yield compared to pure seeding in the autumn sowing con-
ditions. However, selected legume and its seed rate in the mixture are also significant. With these
preliminary data collected in a single trial, Hungarian vetch — turnip mixture with the 75% x 25%
seeding rate was the most suitable treatment for forage and protein yield.
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Abstract. Alfalfa and sainfoin are pluriannual forage legumes that are well adapted to the agronomic condi-
tions of NE Spain. However the persistence of sainfoin decreased when sown with alfalfa in mixture. It could
be attributed to the fact that the cutting frequency was more suitable for alfalfa. In order to evaluate the per-
sistence of sainfoin in mixture, the evolution of the annual forage yield in these species was compared, when
sown in pure stands or using two types of mixtures, on alternate rows or mixed on the same row. Two har-
vesting rates were established, one that was most suited to alfalfa and the other to sainfoin. The study was
conducted in rainfed conditions in Badules (Teruel) and under irrigation in Zaragoza during 2011-2013. The
results confirm the lower yields and persistence of sainfoin when mixed with alfalfa under irrigation, which
could be attributed to the allelopathic effects of alfalfa on sainfoin. There is no evidence of allelopathic phe-
nomena arising in rainfed conditions in the two sowing modes employed. Cutting frequency had no influence
on the occurrence of allelopathic phenomena.

Keywords. Medicago sativa L. — Onobrychis viciifolia Scop. — Dry matter — Crude protein — Allelopathy.

Evaluation de la compétition entre la luzerne et le sainfoin semés en mélange

Résumé. La luzerne et le sainfoin sont des légumineuses fourrageres pluriannuelles bien adaptées aux
conditions agronomiques du nord-est de I'Espagne. Il a été constaté que la persistance du sainfoin diminue
quand il est semé en mélange avec la luzerne. Cela est généralement attribué a la fréquence de coupes du
fourrage, qui serait plus adaptée a la pousse de la luzerne. L'objectif de cette étude était d’évaluer la persis-
tance du sainfoin, et le rendement annuel des fourrages obtenus a partir de cultures pures de luzerne et de
sainfoin ou des mélanges luzerne-sainfoin. Deux types de mélanges ont été testés : les deux espéces ont
été semées en lignes alternées ou mélangées dans la méme ligne. Les parcelles ont été coupées a deux
stades de maturité de la luzerne, début de floraison ou pleine floraison. L’étude a été réalisée en conditions
naturelles a Badules (Espagne) ou en irrigation a Saragosse (Espagne) pendant la période 2011-2013. Sous
irrigation, le rendement et la persistance du sainfoin ont été plus faibles dans les mélanges luzerne-sainfoin.
Ces résultats peuvent étre attribués aux effets allélopathiques de la luzerne sur le sainfoin. Par ailleurs, en
conditions naturelles, les effets allélopathiques n’ont pas été mis en évidence.

Mots-clés. Medicago sativa L. — Onobrychis viciifolia Scop. — Matiere seche — Protéine — Allopathie.

| — Introduction

Alfalfa (Medicago sativa L.) and sainfoin (Onobrychis viciifolia Scop.) are pluriannual forage
legumes that are well adapted to the agronomic conditions of NE Spain. They are particularly val-
ued for their yield, their ability to restore soil fertility and their feed value (Aufrére et al., 2013).
Alfalfa is furthermore characterized by the proportional distribution of its annual forage yield and
its persistence, however it has the disadvantage that it causes bloating in animals; for sainfoin
most of its forage yield is obtained from the first cut in spring, used for hay-making, and it is val-
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ued for its hardiness and not-bloating qualities. Given these complementing characteristics, it has
been suggested that both species should be included in meadows in the Ebro valley (Hycka and
Benitez-Sidon, 1979; Delgado et al., 2009). However persistence of sainfoin decreases when
sown with alfalfa in a mixture and this has been attributed to the cutting frequency at the start of
blooming in alfalfa (Hycka and Benitez-Sidon, 1979; Delgado et al., 2009).This practice may be
indirectly detrimental to the persistence of sainfoin since it blooms later than alfalfa and its opti-
mal use is recommended at full bloom (Koch et al., 1972; Borreani et al., 2003), furthermore this
cutting frequency gives the plant less time to recover its nutrient reserves.

The lack of persistence of sainfoin when sown with alfalfa may also be due to allelopathic pheno-
mena between the two species. Both alfalfa and sainfoin display strong allelopathic effects with
other species (Chung and Miller, 1995; Li, 2009). Chocarro y Lloveras (2012) compared allelopathic
effects between alfalfa and sainfoin, finding that alfalfa has a greater allelopathic effect on sain-
foin, which may be one of the causes for the rapid disappearance of sainfoin in meadows that also
contain alfalfa. In order to assess the persistence of sainfoin in a mixture, the species dynamics,
in terms of annual forage yield, was compared when sown in pure stands and using two types of
mixtures, on alternate rows and mixed in the same row, in two standard sites, under irrigation and
in rainfed high lands.

Il — Materials and methods

The study was conducted in rainfed conditions in Badules (41°9’'N; 11°15’'W, altitude 930 m a.s.l.)
and under irrigation in Zaragoza (41°3'N; 0°47°'W, altitude 225 m a.s.l.) during 2011-2013. In
Badules climatic and edaphologic conditions showed monthly mean temperatures of 8.9°C min
and 18.5°C max, annual precipitations of 320.6 mm, loam soil, salinity 0.2 CE (1:5 d&/m), pH
(H,0) 8.5, P (Olsen) 18 mg/kg, K (extracted in NH,NO;) 250 mg/kg and organic matter 2.33%.
Conditions in Zaragoza were monthly mean temperatures of 21.4°C max and 8.1°C min, annual
precipitations of 245.7 mm, silty-loam soil, salinity 0.24 CE (1:5 d&/m), pH (H,0) 8.24, P (Olsen)
7 mg/kg, K (extracted in NH,NO,) 134 mg/kg and organic matter 1.99%.

Two cultivars of alfalfa were tested: ‘Tierra de Campos’, under rainfed conditions and ‘Aragén’ un-
der irrigation, and one “two-cut” type sainfoin cultivar from Reznos (Soria). The cultivars were
sown in plots of 5 x 2 m, in pure stands or using two types of mixtures, on alternate rows and mixed
in the same row, with two cutting frequencies: alfalfa at early bloom and at full bloom, in four repli-
cations. Sowing took place on 11 March 2011 in Badules and 21 October 2010 in Zaragoza,
using, for the pure stands of alfalfa a sowing rate of 15 kg ha™! in rainfed conditions and 30 kg
ha™! under irrigation, and 80 kg ha™! and 100 kg ha™! respectively for sainfoin. The mixture com-
prised 50% seed density of both species in each of the conditions. An N-P-K basic dressing of
20-37.5-37.5 kg ha™' in rainfed conditions and 40-75-75 kg ha™' in irrigated conditions was applied
the first year and both quantities were replicate in winter every two years in rainfed conditions
and every year in irrigated conditions.

Dry matter (DM) was obtained by cutting two 0.5 m?2 per plot and drying in a forced ventilation
stove at 60°C until a constant weight was achieved. Dry samples were used to determine crude
protein (CP) contents, evaluated by the Dumas method (AOAC, 1990) and neutral detergent fibre
(NDF), evaluated by the Van Soest method (Van Soest et al., 1991). Mortality rate is presented
as the percentage of dead plants at the end of the trial.

The results underwent a variance analysis according to a split-plot model, considering “species”
on the main plot and “cutting frequency” on the split-plot. The statistical analysis was performed
using the ANOVA procedure of the SAS statistical package (SAS, 2004), considering the cutting
date as treatment. Comparison of means was performed by the LSD test. The percentages were
arcsine-transformed prior to statistical analysis.
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Il — Results and discussion

Table 1 shows the mean annual DM yield and CP and NDF contents in the first three productive
years under irrigation and two years in rainfed conditions (the sowing year has not been consid-
ered as productive given that the establishment of the trials in these conditions is a slow process).

Table 1. Annual dry matter yield (DM), crude protein (CP) and neutral detergent fibre content (NDF),
three years mean under irrigation and two years mean in rained conditions. In brackets, the
percentage of alfalfa (L) in the mixture

Zaragoza (irrigation) Badules (rainfed)
Location
DM kg/ha  %CP %NDF DM kg/ha % CP %NDF
Species
Alfalfa on pure stand 11931a 204 a 410b 39%4ab 19.7a 379a
Sainfoin on pure stand 9456 b 178 ¢c 43.1a 4292 a 16.1c¢c 38.0a
Alfalfa and sainfoin on alternate rows 11675 19.9b 415b 3857ba 183b 379a
(87.9% L) (61.9% L)
Alfalfa and sainfoin on mixed rows 12043 a 199b 416 b 3763 b 186 b 379a
(89.6% L) (66.3% L)
Species significance o o > * bl NS
Cutting frequency
Early bloom of alfalfa 11453a 199a 41.1b 3752 b 19.0 a 37.0b
(90.4% L) (68.5% L)
Full bloom of alfalfa 11099 a 19.1b 425 a 4186 a 174 b 385a
(87.0% L) (59.7% L)
Cutting frecuency significance NS e e > b bl
Species x Cutting frequency interaction NS > NS NS NS NS

* P<0.05, ** P<0.01, *** P<0.001, NS: non significant. Different letters within each column indicate P<0.05%.

The results show that alfalfa is more productive (P<0.001) than sainfoin under irrigation but in
rainfed conditions alfalfa and sainfoin yields were the same. The two cutting frequencies estab-
lished to benefit either alfalfa or sainfoin, did not show any significantly greater yields under irri-
gation although it did in rainfed conditions where the delay in cutting afforded a greater yield of
dry matter (P<0.01).

When alfalfa and sainfoin were sown in a mixture, the mixture yield was not significantly different
to that of the pure stands of alfalfa, both under irrigation and in rainfed conditions. The percent-
age participation of each species in the mixture varied substantially. Under irrigation alfalfa
accounted for 89% of the yield since after the first year sainfoin disappeared from the mixture.
This would explain why the forage CP content was closer to that of alfalfa than sainfoin. In rain-
fed conditions, the DM yield participation of sainfoin in the mixture was 40% when the cutting fre-
quency was carried out with alfalfa in full bloom, this being significantly greater (P<0.01) com-
pared to its 31% participation when cutting took place at early bloom of alfalfa.

These results corroborate the findings of other authors (Monserrat, 1956; Martiniello, 1998; Peel
etal., 2004; Delgado et al., 2008), in so far as alfalfa is more productive under irrigation than sain-
foin but has the same yield as sainfoin in rainfed conditions. With regard to the mixture of the two
species, sainfoin quickly disappeared under irrigation and this can be attributed mainly to the
allelopathic effects of alfalfa on sainfoin and not to the maturity state of the plants at the time of
cutting. Although sainfoin did not adapt well to irrigated conditions, its yield was much higher
when sown alone compared to when it was sown in a mixture (100% mortality the second year).
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However, the percentage of sainfoin plants present in the pure stand by the third year was 19%
vs 37% of alfalfa plants. The mortality of sainfoin, both in the pure stand and in the mixtures was
lower in rainfed conditions. At the end of the third year the persistence of sainfoin in the pure
stand was 25% vs 62% alfalfa when cutting was carried out at the start of blooming and 17% vs
57% respectively when cutting was carried out at full bloom. The progressive disappearance of
sainfoin in the mixture in rainfed conditions, from the first to the third year, could be attributed to
the lower persistence of sainfoin rather than to allelopathic effects. Such effects would indeed be
more active under irrigation due to the fact that irrigation, which encourages the dispersion of
allelopathic chemical components and greater intensity of production, may well accelerate allelo-
pathic actions (de Albuquerque et al., 2011).

IV — Conclusions

The interest held by alfalfa under irrigation and alfalfa and sainfoin in rainfed conditions can be
confirmed. There is not evidence that frequency cutting impact on disappearance of sainfoin in
the mixture, but their disappearance under irrigation could be attributed to allelopathic phenom-
ena. In rainfed conditions there is no evidence of allelopathic phenomena.
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The water relations of two perennial grasses
in a Mediterranean grassland

P. Exadactylou and M. Karatassiou™
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Abstract. The Mediterranean zone is frequently prone to extended periods of drought, especially during the
summer. Thus, water is a restrictive factor that affects the growth and the productivity of Mediterranean grass
species. The aim of this study was to investigate the water relations of two perennial grasses, Phalaris aquat-
ica and Dactylis glomerata, which are common in Mediterranean grasslands. The experiment was conduct-
ed during the growing season in a low elevation grassland in Northern Greece. The midday leaf water poten-
tial (W) was measured while the leaf Relative Water Content (RWC) and the Relative Drought Index (RDI)
were estimated. Different responses under water deficit conditions were evident between the two species. P.
aquatica presented higher drought tolerance and completed its biological cycle later than D. glomerata under
water deficit conditions. In the last phenological stages, P. aquatica exhibited higher values of ¥ and RWC
but lower values of RDI in relation to D. glomerata. As it was expected, the two species presented different
critical threshold points. Our results showed that, P. aquatica is more adapted to arid or semi-arid conditions
of the low elevation Mediterranean grasslands. P. aquatica seems to display mechanisms that enable con-
tinue growth and giving high forage production under xeric conditions.

Keywords. Water potential — Relative Water Content — Relative Drought Index — Tolerance.

Les relations hydriques de deux graminées pérennes dans une prairie méditerranéenne

Résumé. La zone méditerranéenne est fréquemment sujette a des périodes étendues de sécheresse, en
particulier au cours de I'été. Ainsi, I'eau est un facteur restrictif de la croissance et de la productivité des es-
peces de graminées méditerranéennes. L'objectif était d’étudier les relations hydriques de deux graminées
pérennes, Phalaris aquatica et Dactylis glomerata, tres communes des prairies méditerranéennes. L'expéri-
mentation a été réalisée au cours de la saison de croissance dans une prairie de plaine au nord de la Grece.
Le potentiel hydrique des feuilles (¥) a été mesuré a midi, la teneur en eau relative des feuilles (RWC) et I'in-
dicateur relatif de sécheresse (RDI) ont été estimés. Des réponses différentes ont été mises en évidence
entre les deux espéeces sous des conditions de déficit hydrique. La tolérance a la sécheresse de P. aquatica
a été meilleure que celle de D. glomerata. A la fin de la période de croissance, P. aquatica a présenté des
valeurs ¥ et RWC plus élevées, mais les valeurs RDI étaient plus basses par rapport a celles de D. glome-
rata. Simultanément, comme attendu, les deux especes ont présenté différents seuils de réponse. Il semble
que l'espéece P. aquatica est plus adaptée aux conditions arides ou semi-arides des prairies méditerranéen-
nes de plaine. Probablement, P. aquatica développe des mécanismes qui permettent son développement
constant et une production de fourrage accrue en conditions de déficit hydrique.

Mots-clés. Potentiel hydrique — Teneur en eau relative — Indicateur relatif de sécheresse — Tolérance.

| — Introduction

Water availability is the most essential factor that affects the growth and the productivity of
Mediterranean rangelands. Thus, water deficit unsettles plant physiological processes which may
have a decisive influence on the capacity of forage plant production (Rodriguez-lturbe and Por-
porato, 2004). This can be better explained by the gradual increase in the average air tempera-

Options Méditerranéennes, A, no. 109, 2014 — Forage resources and ecosystem 143
services provided by Mountain and Medliterranean grasslands and rangelands



ture and the substantial drop in the intensity of annual rainfall, especially during summer, that is
predicted to be continued even after years to come across Europe and particularly in regions of
the Mediterranean zone (IPCC, 2013).

The maintenance of favourable internal water status and plant functions at low leaf water poten-
tial is the main physiological process that contributes to the maintenance of high production
under drought periods (Blum, 1996). The intensity of water shortage may cause instability in the
internal water balance and variations in plant growing cycles (Volaire et al., 2009). Several phys-
iological and/or morphological mechanisms can be expressed by plants in order to withstand
drought conditions (Gurevitch et al., 2006; Blum, 2011). These responses may vary among spe-
cies even belonging to the same growth and/or life form or genus (Volaire et al., 2001; Blum, 2011;
Karatassiou et al., 2010). Therefore, determining the most tolerant species under the prevalence
of xeric conditions is obligatory, in order to improve forage plant productivity towards preventing
range desertification.

The aim of the current study was to investigate the water relations at leaf level of two common pe-
rennial grasses, under moderate drought conditions, in a low elevation Mediterranean grassland.

Il — Materials and methods

The experiment was carried out in the farm of the Aristotle University of Thessaloniki, Northern
Greece (longitude: 40°31°91”, latitude: 22°59°58”), 6m a.s.l. The climate of the area is charac-
terized as Mediterranean semi-arid with cold winters. The monthly average precipitation (mm)
and the minimum temperature (°C) during the experimental period ranged from approximately
17.2 to 55.6 mm and from 9.6 to 24.1°C respectively.

Measurements were taken in two perennial grass species: Phalaris aquatica L. and Dactylis glom-
erata L. These species are widespread in grasslands of the low zone of Northern Greece and their
contribution to the grassland production is essential. All measurements were taken during the
growing season (April-dJune), in approximately 10-day intervals, on clear sunny days at solar noon
(12:00-14:00h) on five mature and intact fully expanded upper leaves per species. The Vapor
Pressure Deficit (VPD) was evaluated by five replicates that have been taken over the canopy with
a portable thermohygrometer (Novasina ms1, Novasina AG, CH) on the same date and time that
the plant physiological parameters were measured (Fig. 1). Leaf water potential (¥) was measured
using the pressure chamber technique (Koide ef al., 1991) while the leaf Relative Water Content
(RWC) and the Relative Drought Index (RDI) were estimated. Relative Water Content (RWC) was
determined on 4 mm discs from leaves similar in age and orientation, and from the same plant to
those used for the ¥ determination, following lannucci et al. (2002) and Blum (2011). Meanwhile,
leaf RDI was calculated as the ratio of actual leaf water saturation deficit (WSD,_,=100-RWC) to

act”
the critical water saturation deficit (WSD,,;=45%): RDI=WSD, / WSD,;; (Larcher, 2003).

act

To determine differences in the responses of the two species during the growing season we per-
formed a two way analysis of variance (ANOVA) on all parameters studied (Steel and Torrie,
1980). T-test was used to compare two means. All statistical analyses were performed using the
SPSS statistical package v. 20.0 (SPSS Inc., Chicago, IL, USA).

Ill — Results and discussion

The seasonal changes of ¥ showed differences between the two species (Fig. 2). P. aquatica
maintained higher W compared to D. glomerata except for the period from end March to the mid-
dle of April and probably better internal water balance. This assumption is supported by the sea-
sonal patterns of RWC and RDI (Fig. 3, 4). P. aquatica presented significantly (P<0.05) higher
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RWC in relation to D. glomerata from the most part of the growing season (Fig. 3). In the first phe-
nological stages, under no water deficit conditions, both species presented the same high value
of ¥ but different RWC (Fig. 2, 3). Nevertheless, from late May up to the end, under water deficit
conditions, P. aquatica maintained higher values of ¥ and RWC than D. glomerata. During the
growing season, RWC and ¥ showed in both species a constant declining trend against the
increased values of VPD (Fig. 1) and temperature (Prenger and Ling, 2006). It seems that the
gradual increase of VPD from 3.3 to 4.1 KPa over the canopy, during mid to late phenological
stages (May-June), induced different ecophysiological responses in plants (Volaire et al., 2009).
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The critical threshold point (CTP) accounts for early termination of growth and plant desiccation
and is defined as the value of RWC below which turgid is lost (Larcher, 2003; De Diego et al.,
2013). As it was expected, the CTP was different between the two species (Fig. 3). D. glomera-
ta was desiccated earlier (middle of June) than P. aquatica (end of June) in a value of CTP 66.4%
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and 59.6% respectively. The hydrodynamic differences between the two species are also obvi-
ous from the changes of RDI thoughout the growing season (Fig. 4). Under the same environ-
mental conditions, P. aquatica presented lower values of RDI in relation to D. glomerata and,
therefore higher resistance to water deficit conditions (Larcher, 2003).

Consequently, the favourable inernal water balance of P. aquatica compared to that of D. glomer-
ata, probably implies a higher photosynthetic capacity probably because of efficient regulation of
the stomatal apparatus and/or osmotic adjustments or morphological chara-cteristics (e.g. bulbs)
(Volaire et al., 2001; Chaves et al., 2003). Similar results have been obtained by Karatassiou and
colleagues (2012) who have also demonstrated high productivity and growth of P. aquatica under
water deficit conditions. On the other hand, D. glomerata higher sensitivity under drought condi-
tions, which may be related either to its inability to maintain cell turgor under low ¥ and relative
high vapor deficit conditions or to reduce transpiration losses and/or to absorb larger amounts of
water (Jones, 1992; Blum, 2011).

IV — Conclusions

Our results demonstrate that perennial grasses express differential capacity to regulate the inter-
nal water balance under water deficit conditions in the low elevation Mediterranean grasslands.
It seems that P. aquatica exhibits lower sensitivity to desiccation than D. glomerata. Hence, P.
aquatica should be considered as a suitable species for semi-arid pastures.
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Rate of progress to flowering in annual species
of genus Trifolium grown for silage in Galicia
(NW of Spain) as affected by sowing date
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Abstract. With the objective of gaining insight on the relationship between sowing date and the onset of flow-
ering of annual Trifolium species in Galicia (NW Spain), commercial genotypes of arrowleaf clover (5), bal-
ansa clover (5), berseem clover (2), crimson clover (6), persian clover ssp. majus (2) and ssp. resupinatum
(3) were sown in small plots from 15t September 2012 to 15t April 2013 at monthly intervals following a split-
plot design with two replications. The time from sowing to flowering, measured as days after planting (DAP)
was significantly affected by species and sowing dates, ranging from 175 to 124 days for the latest (berseem
clover) and the earliest (balansa clover) species and from 218 to 79 days for the September and April sow-
ings dates, respectively, which represented the least and the most inductive flowering conditions. Although a
significant effect in DAP was detected for the interaction species x sowing date, the earliness of annual
clovers studied ranked in a similar way (balansa clover > persian clover ssp. resupinatum and crimson clover
> arrowleaf clover > persian clover ssp.majus > berseem clover) across sowing dates. Phenological models
that related the rate of progress to flowering (DAP)! with temperature and photoperiod during the growing
cycle accounted for 65% and 90% of the variability, showing that in the agroclimatic conditions of NW Spain
flowering of annual clovers was more sensitive to photoperiod than to temperature.

Keywords. Development — Phenology — Winter legumes — Rate of flowering.

Influence de la date de semis sur la vitesse de floraison d’espéces annuelles du genre Trifolium culti-
vées pour I’ensilage en Galice (NO Espagne)

Résumé. Dans le but d’approfondir la connaissance de la relation entre la date de semis et la floraison de
diverses especes de trefles annuels en Galice (NO Espagne), des génotypes commerciaux de trefle vésicu-
leux (5), treéfle de Micheli (5), trefle d’Alexandrie (2), trefle Incarnat (6), tréfle de Perse ssp. majus (2) et ssp.
resupinatum (3) ont été semés mensuellement dans de petites parcelles entre le 15 septembre 2012 et le 15
avril 2013, en adoptant un dispositif aléatoire en blocs avec des parcelles divisées en deux répétitions. Le
temps entre la date de semis et celle de la floraison, mesuré en jours apres le semis (DAP) a été influencé
de maniere significative par I'espece et la date de semis. Ainsi, cet intervalle a varié de 175 a 124 jours pour
I'espece la plus tardive (trefle d’Alexandrie) a la plus précoce (trefle de Micheli) et de 218 a 79 jours pour les
dates de semis de septembre et d’avril, respectivement, ce qui représente les conditions de floraison les
moins et les plus favorables. Bien qu’un effet significatif de I'interaction (especes) x (semis) ait été observé
sur le DAP, la précocité des trefles annuels étudiés se classe d’une fagon similaire pour toutes les dates de
semis, a savoir : trefle Balansa > tréfle de Perse ssp. resupinatum et tréfle Incarnat > tréfle vésiculeux > trefle
de Perse ssp.majus > trefle d’Alexandrie. Les modéles phénologiques qui corrélent la vitesse de progression
de la floraison (DAP) " avec la température et la photopériode au cours du cycle de croissance, expliquent
Jjusqu’a 65% et 90% de la variation. Ces résultats démontrent que dans les conditions agro-climatiques du
NO de I'Espagne, la floraison des tréfles annuels est plus sensible a la photopériode qu’a la température.

Mots-clés. Dévelopement — Phénologie — Légumineuses d’hiver — Vitesse de floraison.
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| — Introduction

Results of the evaluation of annual legumes of genus Trifolium in Galicia performed the last four
years have yielded promising results showing a high productivity of these species grown as win-
ter crops for silage, indicating that can be fit in an annual rotation with maize (Valladares et al.,
2012). Another interesting feature of these species is their good nutritive value along the growth
cycle (Pereira-Crespo et al., 2012) but, as indicated by these authors, annual legumes loose
quality fairly rapid after the flowering stage is reached. For a given genotype, flowering time is
mainly affected by environmental variables like temperature and daylength, while water and light
intensity are of secondary importance (Bernier and Périlleux, 2005). In order to support crop
management decisions like sowing or harvest dates, it is of interest to study the relationships
which describe time to flowering of these species as a function of measurable climatic variables.
Simple linear models relating the rate of progress to flowering with temperature and photoperiod
during the growing cycle have been described, showing additive effects of both variables
(Roberts and Summerfield, 1987). With the aim of gaining insight on the prediction of flowering
time of annual legumes sown in Galicia, it is the objective of this work to (a) analyze the effect of
genotype and planting date on time to flowering of twenty three commercial cultivars from six
annual Trifolium species and (b) apply the linear models to quantify the effects of temperature
and photoperiod on the rate of progress to flowering of these species.

Il — Materials and methods

Field experiment was carried out at the Centro de Investigacions Agrarias de Mabegondo re-
search station farm (Galicia, NW Spain: 43° 15" N, 8° 18" W, 100 m above the sea level) from
September 2012 to August 2013. The species evaluated were: Arrowleaf clover ( Trifolium vesicu-
losum Savi.) cv. Arrowleaf, Cefalu, Vesiculoso, Yuchi and Zulu II; Balansa clover (T. michelianum
Savi.) cv. Balansa, Bolta, Frontier, Micheliano and Paradana; Berseem clover (T. alexandrinum
L.) cv. Alex and Akenathon; Crimson clover (T. incarnatum L.) cv. Cardinal, Conete, Contea,
Dixie, Linkarus and Viterbo; Persian clover (T. resupinatum L.) ssp. majus cv. Laser and Maral
and Persian clover ssp. resupinatum cv. Gorbi, Lightning and Nitroplus. The experimental design
was a split plot where the sowing date (eight dates, from 15 September 2012 to 15 April 2013, at
monthly intervals) was the main plot and the legume cultivar the subplot arranged in a random-
ized block design with two replications. Each subplot consisted of three rows 3 m long, 30 cm
apart, hand-sown with a seed dose of 20 kg ha™' (500 seeds m) for crimson clover and 10 kg
ha! (750 seeds m) for the rest of legume species. Plots were observed three times per week
from the beginning of March onwards and flowering time was recorded as the day in which 5%
of the plants of a given plot showed open flowers. Mean air daily temperature (T) was obtained
from the records of the automatic Meteorological Station located in situ, and photoperiod (P) was
calculated as the time in hours from sunrise to sunset corresponding to the latitude of the exper-
imental site using the formulae proposed by List (1971) and Klein (1977). The number of days
from sowing to beginning of flowering stage (days after planting, DAP) for each species in each
plot was recorded and the rate of plant development (1/f) defined as the inverse of DAP for each
species was regressed on T, P, or both using three linear models where the coefficients are con-
stants specific for each species (Roberts and Summerfield, 1987): a thermal model (1/f=a + bT),
a photoperiodic model (1/f = a’ + b’P), and a photothermal model (1/f = a” + b”T + ¢”P). Base
temperature (t,) was calculated as ¢ = -a/b, and Thermal time for flowering (T,) was computed as
the accumulated mean daily air temperature minus the base temperature between planting and
flowering dates for every plot. ANOVA analysis of DAP and regression procedures were per-
formed using Proc GLM of SAS (SAS Institute, 2009).
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Il — Results and discussion

The time from sowing to flowering, measured as days after planting (DAP) was significantly
affected by species and sowing dates (Table 1). DAP period ranged from 218 to 79 days for the
September and April sowings dates, respectively, which represented the least and the most
inductive flowering conditions. On average, for every month of delay in sowing, DAP was reduced
in 19.9+5.5 days in a fairly constant way along the experiment. As an average of planting dates,
flowering precocity of clover species ranked as follows: Balansa > Persian resup. = Crimson >
Arrowleaf > Persian majus > Berseem. The interaction sowing date x clover species on DAP was
also significantly and, as can be seen in Fig. 1 (left), whilst species relative precocity maintained
as exposed above, the absolute differences among species markedly tightened when delaying
the sowing date towards spring.

Table 1. Effect of sowing date and clover species on time from sowing to flowering (DAP)

Sowing date
15-SEP  15-OCT 15-NOV 15-DEC 15-JAN 15-FEB 15-MAR 15-APR p

DAP 218.7@ 1955b 1740°¢ 15599 136.2°¢ 1102f 10139 79.7h <.0001
n 46 46 46 46 46 46 46 46

Clover species

Persian Persian
Arrowleaf  Balansa Berseem Crimson majus resup. p
DAP 157.0¢ 1244 ¢ 175.02 143.24 164.1° 141.4 4 <.0001
n 80 80 32 96 32 48

Means sharing a letter in their superscript are not significantly different (p>0.05).
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Fig. 1. Interaction between clover species x sowing date on time from sowing to flowering (left) and
plot of thermal time in this period (°C day) vs. photoperiod (h) in the day of flowering (right).
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Regression analysis of the data showed that temperature is an important factor controlling flow-
ering time, in accordance with the observations of other authors which studied the flowering
behaviour of annual clovers in Mediterranean countries (lannucci et al., 2008 in ltaly and Papas-
tylianou and Bilalis, 2011 in Greece). Explained variance of the thermal model (ranging from 0.53
to 0.80 for Balansa and Berseem clovers, respectively) was markedly lower than that of the pho-
toperiodic model (ranging from 0.86 for Persian resup., Crimson and Arrowleaf clovers to 0.95 for
Berseem clover), indicating a superior effect of daylenght compared to mean air temperature on
flowering developmental rate in the conditions of our study (Table 2). Additionally when temper-
ature and photoperiod are included in the model, temperature effect was non-significant for any
species but for the earliest flowering species Balansa clover. This marked effect of photoperiod
compared with temperature on the control of flowering time of annual clovers differs from the
response observed by the above cited authors which reported the temperature as the main fac-
tor determining time to flowering in experiments performed in southern latitudes.

Table 2. Values of constants (x 104) and explained variance (R2) of the linear models based on mean tem-
perature (1/f) = a+b T, on mean photoperiod (1/f) = a’+b’P, and on both mean temperature and pho-
toperiod (1/f) = a”+b” T+c”P obtained in the regressions of the rate of progress to flowering (1/f)

Thermal model Photoperiodic model Photothermal model
Clover species n a b R2 a’ b’ R2 a” b” c” R2
Balansa 80 -192.4™ 26.1™ 0.53™ -130.8™ 18.77 0917 -80.6™ -9.37 23.0™ 0.93™
Persian (resup) 48 -227.5™ 27.9™ 0.64™ -1453" 185" 0.86™ -156.4"" 2.1" 17.4™ 0.86™
Crimson 96 -105.1"" 16.3™ 0.58™ -98.3™ 14.3™ 0.86™ -93.9™ -1.1" 151" 0.86™
Arrowleaf 80 626" 11.4™ 064™ -86.8" 12.6™ 0.86™ -86.6" -0.1" 1277 0.86™
Persian (majus) 32 -183.0"" 222" 0.72"" -183.5™ 20.2™ 0.94™ -180.3™ -1.27 210" 0.94™
Berseem 32 -151.4™ 185" 0.80™ -1754™ 18.9™ 0.957 17717 1.7 17.4™ 095"

S p>0.05; * p<0.05; ** p<0.01; *** p<0.001.

Base temperature (t,), computed from the coefficients of thermal model, averaged 7.3 + 1.1 °C,
ranging from 6.0 °C for Arrowleaf clover and 8.5 °C for Persian majus and Berseem clovers.
Thermal time for flowering (T,) averaged 507.2 + 170.0 °C day, ranging between 360.5 and 819.3
°C day for Persian resup. and Arrowleaf clovers, respectively. The plot of T, on photoperiod at
flowering (P,), averaged across varieties of each clover species for the different planting dates
(Fig. 1 right), shows that flowering is prevented until a minimum P, is reached, independently of
the thermal time accumulated. This threshold daylength ranks from 12.3 to 15.1 h for the earliest
and latest flowering species Balansa and Berseem clover, respectively. Also, there is a minimum
number of degree-days for the flowering of a species, ranking from 300 to 650 °C day for Balansa
and Arrowleaf clovers, respectively.

IV — Conclusions

There is a different response in flowering time among annual clover species to temperature and
photoperiod conditions. Photoperiod explained most of the variability of the developmental rate
to flowering compared with temperature. Flowering was observed to initiate when a minimum re-
quirements of daylength and temperature was reached for each species.
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Abstract. In date packing and processing operations a number of by-products become available, therefore
they should be used to improve the economics of the operation as a whole and to decrease disposal prob-
lems and costs. The main byproducts of date industry are cull dates and date pits from packing operations,
and pits and press cakes from date processing. This study aims to evaluate the chemical composition and in
vitro dry matter (DM) digestibility of pits, cull date and infested date for incorporation in animal feed and to
evaluate the effect of tannins on in vitro fermentation through the use of tannin biding polyethylene glycol
(PEG). The statistical results revealed a highly significant difference between by-products. Pits presented rel-
atively high content of crude fiber (37.72% DM), crude protein (8.87% DM), and fat (6.29% DM) but low in
vitro DM digestibility (22.78%). However cull date and infested dates had a high digestibility (87-89%). They
were relatively high in carbohydrates but poor in crude protein (4.48-4.73% DM) and fat (0.42-0.45% DM).
Because of their high carbohydrate content and relatively low fiber, cull and infested dates have a high ener-
gy value, as high as that of barley grain.

Keywords. Date —Tannins — In vitro fermentation — PEG.

Valeur nutritive des sous-produits de dattes pour I’'alimentation du bétail

Résumé. Lors du conditionnement et de 'emballage des dattes destinées a I'exportation, des quantités impor-
tantes de déchets et de sous produits sont obtenues et constituent une charge couteuse pour leur élimination.
Ces déchets pourraient étre valorisés par le bétail et constituer une source d’alimentation non négligeable.
Cette étude vise a évaluer la composition chimique et la digestibilité in vitro des pédicelles, des noyaux, des
dates infestées, des dates fermentées et des dates seches et I'effet des tanins sur la fermentation in vitro. Les
résultats statistiques ont révélé une différence hautement significative entre les différents types de déchets de
dattes. Les noyaux ont présenté une teneur relativement élevée en cellulose brute (37,72% MS), protéines
brutes (8,87% MS) et en matieres grasses (6,29% MS), mais une faible digestibilité de la MS in vitro (22,78%).
Les dattes infestées, fermentées et seches étaient relativement riches en sucres totaux, tres digestibles (87-
89%), mais pauvres en protéines brutes (4,48 a 4,73% MS) et en matiere grasse (de 0,42 a 0,45 % de MS).
En raison de leur richesse en sucres et leur faible teneur en cellulose, ces différents types de dattes déclas-
sées présentent une valeur énergétique comparable a celle de I'orge grain.

Mots-clés. Dattes — Tanins — Fermentation in vitro — PEG.

| — Introduction

Date palm (Phoenix dactylifera L.) is one of the most important fruit tree growing in desert areas
(Ramawat, 2010). The date palm industry produces fresh and dried dates, whole dates and pit-
ted (stoned) dates, date paste, date syrup, and date wine with important quantity of by-products.
Date by-products include cull dates, immature dates, date pedicels, date seeds, date press cake
and date molasses. In the south of Tunisia, trade of wasted dates and stones is widespread on
local markets and most of livestock owners use date by-products for feeding livestock (Genin et
al., 2004). This study aims to evaluate the chemical composition and in vitro dry matter (DM) di-
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gestibility of pedicels, pits, fermented, infested and dry dates for incorporation in animal feed and
to evaluate the effect of tannins on in vitro fermentation through the use of tannin biding poly-
ethylene glycol (PEG).

Il — Material and methods

Date by-products were obtained from a Tunisian factory (Boudjbel SA VACPA) for processing and
exporting Tunisian dates mainly the Deglet Nour variety. Samples were dried in a forced-air oven
(60°C) and ground to pass a 1-mm screen in a Wiley Mill. Nitrogen content was measured by the
Kjeldahl method and crude protein (CP) was calculated as Nx6.25. Total sugar (TS) was deter-
mined following the procedure of Dubois et al. (1956). Phenolic compounds were extracted in an
ultra-sound bath with 10 ml of aqueous acetone solution (Makkar, 2003). Total phenols (TP) and
total tannins (TT) were determined by adding 0.25 ml Folin-Ciocalteau reagent (2 N) and 1.25 ml
sodium carbonate solution (200 g Na,CO, Iy to an aliquot of the supernatant and absorbance
readings at 725 nm. The concentrations of TP and TT were calculated as tannic acid equivalents.

Ruminal contents were collected from three ruminally fistulated rams weighing 47 + 3 kg and fed twi-
ce daily with a total mixed ration containing 60% oat hay and 40% concentrate (consisting of 75%
barley, 23% soybean meal, 1% vitamin and mineral mixture, 0.6% calcium carbonate and 0.4% salt).

The in vitro dry matter digestibility (DMD) was determined following the procedure of Tilley and
Terry (1963). Cellulase was from T. Viride and pepsin was obtained from porcine stomach mu-
cosa. The incubation inoculum was prepared by diluting the digesta inoculum with the artificial
saliva (Tilley and Terry, 1963) in a 1:4 (vol/vol). Samples (0.5 g DM) of pedicels, pits, fermented,
infested and dry dates were incubated into plastic tubes (six replicates for each) with 20 ml of the
incubation inoculum for 48 h at 39°C. After 48 h incubation, tube contents were acidified by
adding 6 M HCI to reach a final pH of 1.3-1.5 and pepsin was added to a final concentration of
0.2% (wt/vol). After 48 h of incubation, the tubes were centrifuged at 2500%g for 15 min, and the
supernatant was discarded. A quantity of 50 ml of water was added to the pellet and the tubes
were centrifuged to wash out the residual acid and dried in a forced-air oven at 60°C for 48 h to
determine the residual DM weight. In vitro DMD was calculated as the DM which disappeared
from the initial weight incubated into the tubes.

The in vitro fermentation and tannin activity were determined using the method of Menke and
Steingass (1988). Samples (200 mg) with and without PEG (200 mg) were weighed into 100 ml
glass syringes and incubated at 39°C for 48 hours. In vitro incubation of the samples was con-
ducted in triplicate and three syringes without substrate (blanks) were included as a laboratory
controls. The syringes were hand shaken frequently and the volume of gas produced was record-
ed after 48 h of incubation. The ME values of the by-product were calculated as follows: ME (MJ
/ Kg DM) = 2.20 + 0.136 Gp + 0.057 CP (Menke and Steingass, 1988).

Data were analyzed by SAS (SAS, 2002) using the general linear models procedure as a com-
pletely randomized design. Statistical differences between the five date palm by-products were
determined using Turkey’s test. Mean differences were considered significant at P<0.05.

Ill — Results and discussion

The results of chemical analyses of the date by-products (pedicel, pit, fermented, infested and dry
fruits) are shown in Table 1. They show that date by-product samples had different chemical com-
positions. Infested and fermented dates had lower CP contents compared with pits and dry dates.
Pits had the highest CF and EE values (P < 0.05), however they contained as much PT and TT
as pedicels (P > 0.05), but more (P < 0.05) TS and EE than pedicels, and the difference was par-
ticularly pronounced for EE with pedicels having about one-third of the EE content of pits. The
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three wasted dates, infested, fermented and dry fruits, had different CP, TS and TP concentrations
(P < 0.05), with fermented date being highest in TS and lowest in TP. All date by-product had low
CP contents (<9%) as found in literature; Al-Showiman et al. (1990) found that the percentage of
protein ranged from 4.79 to 7.50% in date pits from seven varieties from Saudi Arabia. Lower val-
ues (<7%) were reported for date palm by-product of Deglet Nour variety (Genin et al., 2004).

Table 1. Chemical analysis (DM basis) of date palm by-products

Date by-products DM OoM* Ash* CP* CF* EE* TS* TP** TT*

Pedicels 8169 946.8d 504a 506bc 3179b 13.4b 68.9d 175a 15.9a
Pits 858.8 9859a 141e 887a 377.2a 629a 1493c 179a 146a
Infested date 868.2 975.7b 242d 448c 389c 45c 147.3c 143b 9.9b
Fermented date 781.1 9719b 281c 473c 541c 46¢ 517.1a 9.6¢ 95b
Dry date 8288 964.2c 357b 649b 675c 4.1c 279.2b 141b 10.7b
SEM 23.07 070 0.26 6.95 26.99 097 30.1 1.63 1.63
Probability 0.2507 0.00017 0.0001 0.0002 0.00017 0.0001 0.00017 0.0001 0.0002

*In g/kg DM: DM, dry matter; OM, organic matter; CP, crude protein; CF, crude fibre; EE, ether extract; **In
mg/100 g DM: TS: total sugar; TP: Total phenol; TT: total tannin; SEM, mean standard error. Means within the
same column with differing superscripts (a-c) are significantly different at P<0.05.

Table 2 shows DMD, ME and in vitro gas production of date by product samples. Data showed high
DMD (68.37-89.85%) and in vitro gas production with PEG (22.92-30.75 ml/200 mg DM) and with-
out (22.44-25.56 ml/200 mg DM) for wasted fruits. These results fit with those reported by Genin et
al. (2004) who mentioned higher in vitro DMD of wasted dates in respect to other date palm by-
products. Metabolisable energy was estimated to be lower for pedicels and pits. This finding could
be attributed to the higher CF, TP and TT contents. The increase in gas production with PEG em-
phasizes the negative effect tannins may have on digestibility of pits. This improvement was possi-
bly due to an increase in the available nutrients to rumen micro-organisms, especially the available
nitrogen. Tannins might form a less digestible complex with dietary proteins and might bind and
inhibit the endogenous protein, such as digestive enzymes (Kumar and Singh 1984).

Table 2. Dry matter digestibility (%), gas production (ml/200 mg DM), and metabolisable energy (ME,
Kcal/kg DM) of date by-products

DMD (%) ME (Kcal/kgDM) Gas 48 h ml/200 mg DM

- PEG + PEG
Pedicels 51.56 ¢ 4680 1513 ¢ 16.17 ¢
Pits 22.79d 3570 6.46 dB 13.33 cA
Infested fruits 89.85 a 5990 24.48 b 26.01 ab
Fermented fruits 87.94 a 5940 25.56 ab 30.75a
Dry fruits 68.37 b 5460 2244 b 2292 b
SEM 2.87 nd 0.99 1.08
Probability 0.0001 0.0001 0.0001 0.0001

Means with differing superscripts are significantly different (P < 0.05) within the same column (a-c) and row
(A,B) for gas production with and without PEG.

The date palm by-product examined in this study showed a great variation in chemical composi-
tion, in vitro degradation and in vitro fermentation. Similar trends have been reported in literature
(Al-Farsi et al., 2007).
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IV — Conclusion

Because of their high sugar content and relatively low fiber, wasted dates (infested, fermented
and dry dates) are highly digestible and have a high energy value, as high as that of barley grain.
However, protein supplementation is required when wasted dates are included in the diet of rumi-
nants.
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Abstract. The present work aimed to determine the botanical composition of a natural pasture in the region
of Sidi Bouzid and to study its effect on performances of Barbarine lambs. The floristic composition showed
that the plant communities of the natural pasture are characterized by the dominance of annual species
(63.2%). Results obtained indicated that the floristic composition revealed the presence of 19 species. The
natural pasture composed by Cynodon dactylon (62.3%), Sisymbrium irio (20.7%), Anagallis arvensis (5%),
Medicago ciliaris (3.3%) and other species. The botanical composition was represented by grasses (62.4%),
cruciferous (21.3%), legumes (3.6%), compositae (2.4%) and other family (10.1%).The chemical composition
of the pasture showed a crude protein and fiber content of 10.7% and 25.5% respectively. Lambs grazing
under this pasture had a low average daily gain (65.2 g/day) and a fat depth of 2.26 mm. These results indi-
cated that this pasture is characterized by limited energy supply and it should be regenerated in order to
assure a sustainable productivity of this production system.

Keywords. Sheep breeding — Natural pasture — Annual species.

Composition floristique et chimique d’un parcours naturel certifié biologique, utilisé pour I’engrais-
sement des agneaux dans la région de Sidi Bouzid, Tunisie

Résumé. Ce travail a pour objectif de déterminer la composition floristique d’un parcours naturel dans la ré-
gion de Sidi Bouzid et d’étudier I'effet de son utilisation sur les performances zootechniques des agneaux de
race barbarine. La composition du parcours est caractérisée par la dominance des especes annuelles (63,2%).
Les résultats obtenus indiquent que I'étude de la composition floristique du parcours naturel a montré la pré-
sence de 19 especes pastorales. Le parcours est formé essentiellement de Cyndon dactylon (62,3%), Sisym-
brium irio (20,7%). Anagalis arvensis (5%), Medicago ciliaris (3,3%) et autres especes. Ces especes appar-
tiennent aux familles des graminées (62,4%), des cruciferes (21,3%), des légumineuses (3,6%), des compo-
sées (2,4%) et d’autres familles (10.1%). La composition chimique montre que le parcours naturel présente
une teneur en protéines brutes de 10,7% et en cellulose brute de 25,5%. Les agneaux ont montré un GMQ
faible (60.5 g/jour) et une épaisseur du gras faible (2,26 mm). Ces résultats indiquent que ces parcours natu-
rels doivent étre régénérer afin d’assurer une productivité durable des systemes de production.

Mots-clés. Elevage ovin — Parcours naturel — Espéces annuelles.

| — Introduction

In Tunisia, sheep production was based mainly on extensive system based on pasture in the cen-
ter and the south of the country. The contribution of pastoral resources was estimated at 80% of
the diet of these animals (Ben Salem, 2011). At the beginning of the second half of the 20th cen-
tury, the natural’s pastures were characterized by a rich and diversified flora. During the last three
decades, changes in agricultural practices and over grazing have caused their degradation. For
these reasons, sheep feeding system had undergone profound changes. It is moving from exten-
sive pastoral livestock transhumance to intensive farming mainly based on feeding concentrate
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diets (Kayouli, 2006; Ben Salem, 2011). In organic system, the access to pasture is inevitable for
lamb fattening system. The aim of this study was to determine the floristic composition of an
organic natural pasture used for fattening Barbarine lambs in the region of Sidi Bouzid and to
evaluate the effect of this pasture on growth performances.

Il — Materials and methods

The composition of the vegetal species of 4 ha natural pasture in the farm “El Attizez”, Sidi Bouzid
(Tunisia) was studied. This pasture was used for fattening 27 weaned Barbarine lambs (11
females and 16 males) of an average weight of 24.1 + 5.4 kg and 8 month-old, according to the
organic system. In addition, lambs received 200 g of organic oat hay and 400 g of concentrate
(63.7% organic barley, 18.2% organic broad bean, 13.6% faba bean, 4.5% mineral vitamin sup-
plement). During the grazing period, we determined the herbaceous biomass and specific rich-
ness of the pasture using the quadrat method described by Floret (1988). The herbaceous bio-
mass was estimated by the determination of the herb quantity present in the quadrat which was
cut and weighted. The floristic composition of the natural pasture was determined using the lin-
ear analysis (line intercept) described by Daget and Poissonet (1971). Plant covers (RV), spe-
cific contribution (SCi) and specific index (ISi) of each species are determined. The pastoral value
(PV) of pasture was calculated by the equation given by Floret (1988):

The animals were weighed to calculate the average daily gain (ADG). Herbage daily intake of
lambs was estimated by the use of enclosure. The vegetal biomass in enclosure was determi-
nate by harvesting and weighing the herb biomass before and after lambs grazing. Feed con-
version rate (FCR) was calculated. Chemical composition of natural pasture was determinate
according to the method of AOAC (1995). Six male lambs were slaughtered at the average
weight of 38 kg. Fasting body weights (FW), and cold carcass weights were determined to cal-
culate commercial dressing (CCW*100/FW). Subcutaneous fat depth was measured according
to Fisher and De Boer (1994).

Ill - Results and discussion

1. Floristic and chemical composition

The biomass per hectare averaged 1066.5 kg DM/ha. Natural herbaceous plant cover represen-
ted 57.7%. As for the floristic composition, plant communities of the natural pasture were char-
acterized by the dominance of annual species (63.2% vs 36.8% for perennial species).
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Fig. 1. Evolution of specific richness of species in natural pasture in the region of Sidi Bouzid.
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The analysis of Fig.1 showed that species richness varied from 3 to 10 species/m? with an aver-
age of 6.2 species/m2.The high coefficient of variation (CV = 33.6%) in the specific richness can
be caused by lamb selection during grazing.

Table 1. Characteristics of floristic composition of natural pasture in the region of Sidi Bouzid

Species Frequency Specific contribution (%) Specific index’ CS*IS
Cynodon Dactylon 719 62.3 4 250.1
Lolium rigidum 2 0.17 5 0.9
Sisymbrium irio 239 20.7 3 62.3
Eruca vesicaria 8 0.69 4 23
Medicago ciliaris 38 3.3 5 16.5
Astragalus hamosus 4 0.34 3 1
Launeae nudicaulis 16 1.38 4 5.6
Launeae resedifolia 5 0.43 4 1.7
Onopordon nervosum 5 0.43 2 0.9
Carduus pycnocephalus 1 0.08 2 0.2
Centaurea dimorpha 1 0.08 2 0.2
Anagallis arvensis 57 5 0 0
Convalvulus arvensis 23 2 4 8
Chenopodium murale 18 1.55 2 3.1
Malva parviflora 7 0.60 3 1.8
Polygonum aviculare 5 0.43 4 1.7
Glaucium flavum 1 0.08 2 0.2
Adonis oestivalis 5 0.43 0 0
Reseda alba 1 0.08 1 0.1
Total 1155 100 - 357.13

0: without value; 1: mediocre; 2: average; 3: good; 4: very high; 5: excellent; SC: Specific contribution; IS:
Specific index.

Results in Table 1 indicated that the natural pasture was composed of herbaceous cover. The
floristic composition revealed the presence of 19 species: Cynodon dactylon (62.3%), Sisymbrium
irio (20.7%), Anagallis arvensis (5%), Medicago ciliaris (3.3%), Convalvulus arvensis (2%) and
other species. Cynodon dactylon and Sisymbrium irio were the most dominating species, repre-
senting more than 80% of the total herb in term of frequency and vegetal biomass. The pasture
was composed of grasses (62.4%), cruciferous (21.3%), legumes (3.6%), compositae (2.4%), and
other family (10.1%). This result can be explained by the drought that characterized the 2010-2011
year. Few species (Cyndon dactylon and Sisymbarium irio) can be really adapted to drought.

The pastoral value was 41.19%. This value indicated that this pasture is classified average. This
result was explained by a smaller specific contribution of the legumes family. In fact, legumes
species are characterised by a better nutritional quality and are more palatable by animals. In
addition, the dominance of Cyndon dactylon which is an invasive species resulted in the limita-
tion of other herb species growth. In fact, Cervasio et al. (2009) reported that the expansion of
invasive species in pasture reduced especially the pastoral value of species characterised by the
best nutritional quality.

Chemical composition of natural pasture indicated high dry matter (45.97%) and ash (12.19%)
values. The crude protein content was 10.69% and this result can be explained by the low con-
tribution of the legumes family (3.6%) in the floristic composition of this pasture. In addition, this
pasture had low fiber content (26.62%).
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2. Growth performances and carcass characteristics

Lambs grazing in this natural pasture had a low weight gain of 6.24 kg during 103 day of feed-
ing period. ADG was 60.5 g / day It was lower than the potential of Barbarine breed (Djemali et
al., 1994). FCR was high (17.22 kg DM/kg gain) and could be associated to the low energy con-
tent of the natural pasture and the low supply of concentrate. At an average fasting weight of 36.9
kg, commercial dressing was of 46.72%. These results agreed with those reported by Majdoub-
Mathlouthi et al. (2013) for Barbarine lambs receiving low energy level. The subcutaneous fat
thickness (2.26 mm) was acceptable and indicated lower carcass fatness (Diaz et al., 2002).

IV — Conclusions

Preliminary results of the qualitative and quantitative characterisation of this natural pasture in
the region of Sidi Bouzid indicated a lower specific richness and the dominance of two species:
Cynodon dactylon and Sisymbrium irio. In addition, the botanical flora of the studied pasture is
characterized by greater percent of annual species. Then, and despite concentrate supplemen-
tation, grazing lambs had moderate performances. It may be associated to a limited energy sup-
plementation. For these reasons and in order to maintain the organic system based on pasture,
it seems very imperative to find other organic feeding resources and to recover these pastures
in order to increase the pasture production in the critical period.
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Abstract. Christ's thorn (Paliurus spina-christi Mill.), a very common species in the Mediterranean region,
usually forms shrublands of high species richness. Despite being a rather spiny shrub, it is browsed by goats,
especially during spring and early summer. The objective of the present study was the comparative evalua-
tion of the nutritive value of Christ’'s thorn and accompanying species of the herbaceous layer in shrublands
of central and northern Greece. Vegetation sampling was performed during the flowering stage in May 2011.
Dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid deter-
gent lignin (ADL) were determined both in Christ’s thorn and herbaceous vegetation. Forage DM production
in the shrubland from central Greece was significantly higher compared to the one from northern Greece.
Similarly, the CP and NDF contents of Paliurus spina-christi from central Greece were higher, while there
were no statistically significant differences for the ADF and ADL between the two regions. The CP of the
herbaceous vegetation was higher in central Greece, unlike the ADF of the herbaceous vegetation which was
higher in the north. These differences, possibly related to genetic factors and different climatic conditions,
have to be taken into consideration for obtaining optimal livestock productivity.

Keywords. Christ’s thorn — Woody species — Forage quality — Mediterranean basin.

Valeur nutritive de Paliurus spina-christi et de la végétation herbacée dans des parcours arbustifs
méditerranéens du centre et du nord de la Gréce

Résumé. L'épine du Christ (Paliurus spina-christi Mill.) est une espéce trés commune dans la région médi-
terranéenne. Il forme d’habitude des parcours arbustifs avec une richesse d’espéces élevée. Bien que ce soit
un buisson assez épineux, il est utilisé par les chévres, surtout pendant le printemps et au début de I'été.
L'objectif de cette étude était d’évaluer la valeur nutritive de I'épine de Christ et des especes qui 'accompa-
gnent dans la couche herbacée, dans les parcours de la Grece centrale et du Nord. L’échantillonnage de
végétation a été réalisé pendant le stade floraison en mai 2011. La teneur en matiére seche (DM), en pro-
téine brute (CP), en fibres au détergent neutre (NDF), en fibres au détergent acide (ADF) et en lignine (ADL)
a été déterminée dans I'épine de Christ et dans la végétation herbacée. La quantité de DM de fourrage dans
les parcours de la Grece centrale a été significativement plus élevée que dans la Grece du Nord. De méme
les teneurs en CP et en NDF de Paliurus spina-christi de la Gréce centrale étaient plus élevées que les
teneurs mesurées au Nord, alors qu'il n’y avait aucune différence statistiquement significative pour les
teneurs en ADF et ADL. La teneur en CP de la végétation herbacée était aussi plus élevée dans la Grece
centrale, alors que la teneur en ADF de la végétation herbacée était supérieure dans la région du Nord. Ces
différences pourraient étre liées aux facteurs génétiques et aux différentes conditions climatiques et doivent
étre pris en compte pour obtenir une productivité animale satisfaisante.

Mots-clés. Epine de Christ — Espéces arbustives — Qualité du fourrage — Bassin Méditerranéen.
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| — Introduction

Shrub-lands occupy large areas in the Mediterranean region and play a significant role in animal
production (Le Houerou, 1993). It is well documented that more than 60% of goat diet comes
from shrubs (Perevolotsky et al., 1998). Ainalis et al. (1998) and Parissi (2001) suggested that
some deciduous woody species are essential animal feeds especially during the dry season, due
to their high nutritive value.

Christ's thorn (Paliurus spina-christi Mill.) is a very common deciduous shrub species in the
Mediterranean region (Parlak et al., 2011). It usually forms shrublands of high species richness.
Despite the fact it is a rather spiny shrub, it is browsed by goats, especially during spring and
early summer (Manousidis et al., 2014).

Limited information is available regarding the nutritive value of this species although it has been
reported to be superior to other shrubs (Temel and Tan, 2011). As a consequence, there is a lack
of information about the nutritive value of various natural populations of the species. Thus, the
objective of the present study was the comparative evaluation of forage production and of the
nutritive value of Christ’'s thorn and accompanying species of the herbaceous layer in shrublands
of central and northern Greece.

Il — Materials and methods

The study was conducted in shrublands dominated by Paliurus spina-christi, in two areas locat-
ed in central (Lamia) and northern (Evros) Greece. The climate of both study areas is classified
as sub-Mediterranean, with a mean air temperature of 16.5°C and 14.7°C, respectively. Average
annual rainfall in Lamia is 574 mm and in Evros 664 mm. Both areas are grazed mainly by goats
and sheep.

Vegetation sampling was performed during the flowering stage in May 2011. Ten transect lines of
20 m long were established in every study area. Samples for shrubs (leaves and thin twigs) were
collected from two randomly selected shrubs across each transect. The sampling of forage was
carried out in two 0.5 m x 0.5 m quadrates in each transect established in each study area. Plant
material was clipped at ground level and placed in individual paper bags. All samples were oven
dried at 50°C for 48 h, weighed and then ground in a mill to pass through 1 mm screen prior to
analyses.

Nitrogen content was measured by the Kjeldahl method (AOAC 1990) and crude protein (CP)
was calculated by multiplying N by 6.25. Neutral Detergent Fibre (NDF), Acid Detergent Fibre
(ADF), Acid Detergent Lignin (ADL) were measured using the procedure described by Van Soest
et al. (1991) with the ANKOM fibre analyzer (ANKOM Technology Corporation, Macedon, NY, USA),
using sodium sulphite, but not a-amylase to the solution for the NDF determination. All analyses
were carried out on duplicate samples and results reported on DM basis.

For all measured parameters differences between the study areas were calculated using one-
way ANOVA (Steel and Torrie, 1980). All statistical analyses were performed using the SPSS®
statistical software v. 18.0 (SPSS Inc., Chicago, IL, USA).

Ill - Results and discussion

Forage DM production was 42% lower in northern Greece compared to central Greece (Fig. 1).
This difference in DM production could be attributed to the variability of climate and soil proper-
ties as well as to the differences in species composition (unpublished data).
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Fig. 1. Forage DM in Paliurus spina-christi shrublands of central and northern Greece.
Means followed by the same letter are not significantly different (P20.05).

The CP and NDF contents of Paliurus spina-christi from central Greece were higher than the cor-
responding from the north, while there were no statistically significant differences for the ADF and
ADL (Table 1). These differences in CP and NDF contents could be attributed to different climate
and soil characteristics in the diverse growing habitats, as chemical compositions of plants are
not the same in each region (Stephens and Krebs, 1986). Additionally, they could be related to
genetic factors that control accumulation of foliage nutrients in the plants (Corleto et al., 1994). It
has to be noted that the CP content of Christ’s thorn is very high, almost double than that in the
majority of the non-legume woody species of the Mediterranean region (Ammar et al., 2005;
Gokkus et al., 2011; Temel and Tan, 2011).

Table 1. Chemical composition (g*kg™') (Means * SE) of Paliurus spina-christi of central and
northern Greece

Effect CP NDF ADF ADL
Central Greece 249.9+39a 339.8t45a 156.5+6.9 a 842+27a
Northern Greece 2157+ 39b 289.5+45b 161.8+69a 80.2+2.7a

Means in the same column followed by the same letter are not significantly different (P=0.05).

The CP of the herbaceous vegetation was higher in central Greece, unlike the ADF of the herba-
ceous vegetation which was higher in the northern region (Table 2). Differences in species com-
position might account for these differences (unpublished data).

Table 2. Chemical composition (g*kg™!) (Means % S.E.) of the herbaceous vegetation from
Paliurus spina-christi shrublands of central and northern Greece

Effect CP NDF ADF ADL
Central Greece 1543+ 56 a 523.1+12.7 a 3264+56b 91.8+3.1a
Northern Greece 1145+56b 5228 +12.7 a 360.3+56a 90.3+3.1a

Means in the same column followed by the same letter are not significantly different (P=0.05).
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More specifically, the higher CP content found in the understory herbaceous vegetation of the
Christ’s thorn shrubland of central Greece is probably related to the higher percentage of legumes
(15% vs 10% in northern Greece) as according to Bakoglu et al. (1999) legumes have higher
concentration of CP than other species. No statistically significant differences were recorded for
the NDF and ADL contents (Table 2).

IV — Conclusions

The results of the present study confirm that Paliurus spina-christi Mill. is an important deciduous
shrub species in terms of animal feed due to its high CP content and to its relatively low NDF, ADF
and ADL contents. The recorded differences in DM production and in chemical composition between
the study areas in central and northern Greece could be related to genetic factors and different cli-
matic conditions and have to be taken into consideration for obtaining optimal livestock productivity.

References

Ainalis A.B., Tsiouvaras C.N., Noitsakis B. and Papanastasis V.P., 1998. Growth dynamics of some woody
fodder plants in relation to spacing and grazing. In: Papanastasis V.P. (Ed.), Ecological Basis of Livestock
Grazing in Mediterranean Ecosystems. International Workshop, Thessaloniki, Greece, p. 80-85.

Ammar H., Lépez S. and Gonzalez J.S., 2005. Assessment of the digestibility of some Mediterranean
shrubs by in vitro techniques. In: Animal Feed science and Technology, 119, p. 323-331.

A.O.A.C., 1990. Official Methods of Analysis. Washington DC, USA: 15th edn. AOAC, p. 746.

Bakoglu A., Koc A. and Gokkus A., 1999. Some characteristics of common plants of range and meadows
in Erzurum in relation to life span, beginning of flowering and forage quality. In: Turkish Journal of Agricul-
ture and Forestry, 23, p. 951-957.

Corleto A., Cazzato E. and Laudatio V., 1994. Quantitative and qualitative evaluation of tree and shrubby
pasture species in Southern Italy. Fodder Trees and Shrubs. In: Cahiers Options Méditerranéenes, vol.
4, p. 129-134.

Gokkus A., Parlak A.O. and Parlak M., 2011. Change of mineral element content in the common shrubs of
Mediterranean zone. |. Macronutrients. In: Zemdirbyste (Agriculture), 98(4), p. 357-366.

Le Houerou H.N., 1993. Grazing lands of the Mediterranean basin. In: Coupland R.T. (Ed), Natural grass-
land. Ecosystems of the World, Vol. 8 B. Elsevier Science Publisher, Amsterdam, The Netherlands, p.
171-196.

Manousidis T., Abas Z., Kyriazopoulos A.P., Parissi Z.M. and Abraham E.M., 2014. Seasonal preferences
of grazing goats in a Mediterranean oak-juniper rangeland. In: Options Méditerranéenes, Series A (this
volume).

Parissi Z.M., 2001. Effect of clipping density and frequency on production and quality of ligneous species.
Dissertation. Aristotle University of Thessaloniki, Thessaloniki, Greece. (In Greek, English summary).
Parlak A.O., Gokkus A., Hakyemez B.H. and Bayetekin H., 2011. Forage quality of deciduous woody and
herbaceous species throughout a year in Mediterranean shrublands of western Turkey. In: The Journal

of Animal and Plant Sciences, 21(3), p. 513-518.

Perevolotsky A., Landau S., Kababya D. and Ungar E.D., 1998. Diet selection in dairy goats grazing
woody Mediterranean rangeland. In: Applied Animal Behaviour Science, 57, p. 117-131.

S.P.S.S., 2009. SPSS for Windows, version 18. SPSS Inc., Chicago, IL, USA.

Steel R.G.D. and Torrie J.H., 1980. Principles and Procedures of Statistics. New York, USA: McGraw-Hill,
2nd edn, 481 pp.

Stephens D.W. and Krebs J.R., 1986. Foraging Theory. Princeton University Press, Princeton, New Jersey,
USA, p. 247.

van Soest P.J., Robertson J.B. and Lewis B.A., 1991. Methods for dietary fiber, neutral detergent fiber, and
non starch polysaccharides in relation to animal nutrition. In: Journal of Dairy Science, 74, p. 3583-3597.

Temel S. and Tan M., 2011. Fodder values of shrub species in maquis in different altitudes and slope aspects.
In: The Journal of Animal and Plant Sciences, 21(3), p. 508-512.

166 Options Méditerranéennes, A, no. 109, 2014



Medium term effects of water availability and N-P
fertilization interactions on the productivity and
composition of natural grasslands of Uruguay

M. Jaurena'”, D. Giorello', P. Cruz?, G. Lemaire3 and C. Nabinger*

1INIA (Uruguay), Universidade Federal de Rio Grande do Sul, UFRGS, Porto Alegre (Brasil)
2INRA, UMR Agir, F-31326 Castanet, Tolosan (France)
3Consultant (France)
4Universidade Federal de Rio Grande do Sul, UFRGS, Porto Alegre (Brasil)
*e-mail: mjaurena@tb.inia.org.uy

Abstract. Irrigation and fertilization could be a strategy to ensure forage production in a high climate vari-
ability scenario in Uruguay. Nevertheless, there are gaps in our knowledge of productive and environmental
responses. An experiment was performed to evaluate the effects of supplementary irrigation and N-P fertil-
ization on native grassland forage yield and composition from October 2011 to September 2013. First year
results showed, under drought, that the interaction between irrigation and N fertilization explains the varia-
tions in productivity and composition. Irrigation enhanced N response doubling forage production and the
contribution of valuable species. The second year was rainy and forage production was higher than the first
one in all treatments. Besides, N-P interaction was detected, explained by an increase on production caused
by P mainly at the higher levels of N. These results underline the importance of studying cumulative effects
of fertilization and irrigation for a more sustainable grassland management.

Keywords. Pampas — Biome — Pasture — Productivity.

Effets a moyen terme des interactions entre la disponibilité en eau et la fertilisation N-P dans les prai-
ries naturelles d’Uruguay

Résumé. En Uruguay, l'irrigation et la fertilisation peuvent étre des options pour assurer la production de
fourrage dans le cas de scenarios ayant une forte variabilité climatique. Néanmoins, il existe un manque de
connaissances sur les réponses environnementales et productives. Un essai a été conduit pour évaluer I'ef-
fet d’un supplément d’irrigation et d’une fertilisation N-P sur la production de fourrage et la composition d’une
prairie entre octobre 2011 et septembre 2013. En premiere année (seche), l'interaction entre irrigation et N
fertilisation explique les variations a court terme de la production et de la composition. L’irrigation a amélio-
ré la réponse de I'apport d’engrais en doublant la production de fourrage et la contribution d’espéces de
valeur fourragere élevée. En deuxieme année (pluvieuse) la production de fourrage a été plus forte que dans
la premiere et ceci pour tous les traitements. Par ailleurs, une interaction N-P a été observée a travers 'aug-
mentation de la production des parcelles fertilisées avec P, principalement a fortes doses de N. Ces résul-
tats montrent I'importance d’étudier les effets cumulatifs de la fertilisation et I'alternance de conditions seches
et humides sur la prairie dans l'objectif d’'une conduite durable.

Mots-clés. Pampas — Biome — Prairie — Productivité.

| — Introduction

Native grasslands of Uruguay are part of the “Pampas” biome, one of the largest areas of South
American grasslands. This vegetation type supports traditional livestock production and provides
many ecosystem services including carbon sequestration, maintenance of high biodiversity in
both plants and animals and the preservation of soil fertility (Sala and Paruelo, 1997). Although
grasslands represent the largest biome in the region, and provide valuable economic and eco-
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system services, in the past decades its area has decreased due to land use changes (Diaz et
al., 2006). Grasslands have to be considered not only as a mean for food production but also for
providing ecosystem services (Lemaire, 2012), so specifically sustainable strategies are needed
to maintain or increase the productivity while preserving ecological functions. In this context,
there is a growing interest to understand the impact of different management practices on the
sustainability of native grassland ecosystems. In Uruguay, grasslands are exposed to a high vari-
ability in rainfalls that causes large fluctuations in forage production and quality, which could be
even higher in the most likely climate change future scenario (Giménez et al., 2009). To mitigate
these impacts of climate variability, one of the technological options is to lay out areas of high
intensity forage production. To achieve this, supplemental irrigation could be a strategic tool to
ensure a feed base for animals, but there are gaps in our knowledge about productive and envi-
ronmental responses.

In most of the world, pasture productivity is limited by soil water and nutrient availability, even in
grasslands with high fertilizer inputs (Gastal and Durand, 2000). As well as water availability im-
proves forage growth, also plant demands increase, so it is expected that the contribution of these
soils, typically low in both N and P, would not be enough to cover the nutrients demand, requiring
fertilization. In this context, it is necessary to generate technical coefficients of response to irriga-
tion in grasslands of Uruguay and its interaction with N-P fertilization. From this background, we
propose a medium term experiment in order to assess the extent of water and fertility limitations to
the production and composition of natural basaltic grassland. This paper intends to answer the fol-
lowing questions: (i) how primary production is affected by supplementary irrigation, N-P fertiliza-
tion, and their interactions? and (ii) what are the main changes in the botanical composition?

Il — Materials and methods

Research was conducted from October 2011 to December 2013, in an experimental field near
Tacuarembo-Uruguay (31.53" S, 56.14" W). The botanical composition of the native grassland
was characterized by dominance of warm-season perennial grasses of Paspalum genera, mixed
in a lesser extent with cool-season perennial grasses. The mean annual rainfall of the site is 1300
mm, with mean temperatures of 25 °C in summer and 12 °C in winter. The experimental design
was a split plot with three replications in randomized blocks. In the main plots (24 x 16 m) sup-
plementary irrigation (Sl) and rainfed (RF) treatments were located. In the split plots (8 x 4 m)
seven fertilization treatments and one unfertilized control were suited. Such fertilization treat-
ments consisted of a dose of P (80 kg P,O5 ha™'), three doses of nitrogen (50, 100 and 200 kg
N ha') and three NP combinations (80 P,O5 - 50 N; 80 P,O, -100 N; 80 P,O; - 200 N). SI, when
necessary, was performed throughout the growing season (October—April) by spraying, with the
goal of maintaining soil humidity above a threshold criterion of 50 % of available water. To do this,
soil moisture (0-20 cm) was monitored through water balances using the WinlZAREG model
(Pereira et al., 2003). N fertilization was done by 1, 2 and 4 applications of 50 kg N / ha for treat-
ments 50, 100, and 200 kg N/ha, respectively.

Aboveground net primary production (ANPP) of forage was assessed by cuts every 40-50 days
in spring and summer and 90-120 days during autumn and winter, by clipping at five cm height
in 3 central stripes, totalizing 6 mZ2. Prior to each cut, botanical composition was evaluated in the
high fertilization (80 P,O5 — 200 N) and in the control plots, both in SI and RF. The ‘Botanal
method’ adapted by Millot and Saldanha (1998) was performed in five 0.25 m2 quadrants per split
plot with a minimum score of 5%. In the first experimental period (10/2011-9/2012) the cumula-
tive rainfalls totalized 1004 mm and 13 additional irrigations were performed which accumulated
324 mm. In the second experimental period (10/2012-9/2013) the cumulative rainfalls totalized
1790 mm and three additional irrigations that accumulated 110 mm were done. An analysis of
variance model was adjusted to analyze the cumulative forage production considering the effects
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of SI, N and P Fertilization and the interaction of factors. Means of significant effects were com-
pared using the LSD test at 5%. A Principal Components analysis of the 13 most abundant
species was performed using standardized Euclidean distances.

Il — Results and discussion

In the first year of assessment (10/2011-9/2012) ANPP showed a significant interaction between
Sl and N (Table 1a). This interaction was mainly related to a 20% increase in ANPP on average
of N under SI compared to RF. Treatment of 200 kg N under Sl resulted in a 100% increase of
ANPP compared with the control (RF and unfertilized). These results are in accordance with L6-
pez et al. (2002) who stated that with favorable moisture conditions N fertilization stimulates min-
eralization in soils with high contents of potentially mineralizable N. In the second year (10/2012-
9/2013) ANPP was higher than the previous year and showed a significant triple interaction
between SI, N and P fertilization (Table 1b). Treatment of 200 kg N and 80 P,0O4 under Si result-
ed in a 110% increase in ANPP when compared with the control situation. The triple interaction
was explained by a different response of ANPP increase to N together with P in the Sl respect to
the RF. Within N treatments, P response in S| was detected in 50 N, while in RF condition the
response was in N 200. Besides that, higher ANPP was found in RF situation compared to Sl in
N 50 in the absence of P, whereas with P fertilization, ANPP was superior in RF at N 100 and N
200. These findings suggest that soil water variability may play an important role in nutrient avail-
ability for this kind of grassland.

Table 1. Responses in ANNP to N and Sl: 1a) in the first year; 1b) in the second year

1a) 2011/2012 1b) 2012/2013

SI N ANPP Sl N P,Os ANPP Sl N P,Os ANPP
No 0 2500 a No 0 0 4088 a Yes 0 0 3931a
No 50 2887b No 50 0 5682 bc Yes 50 0 5197 b
No 100 3286¢ No 100 0 6500 ef Yes 100 0 5814 cd
No 200 3982e No 200 0 7506 gh Yes 200 0 7642 h
Yes 0 2798 b No 0 80 4267 a Yes 0 80 4255 a
Yes 50 3410¢c No 50 80 5486 bc Yes 50 80 6012 cde
Yes 100 3700d No 100 80 7024fg Yes 100 80 6239de
Yes 200 4978f No 200 80 8498i Yes 200 80 7952h

Means with different letters are significantly (p<0.05) ANPP (kg DryMatterha™'yr') N=(Nitrogen) Sl=Supplementary Irrigation

The principal component ordination of species associated with S| and NP fertilization confirm the
relations of the dominant species with treatments, and explains both factors interaction (Fig. 1).
The first component explained 45% of the variation and was related to a gradient from the con-
trol toward the condition of fertilization plus SI. Meanwhile, the second component explained 33%
of variation and clearly separated NP fertilized from SI plots.

Mnesithea selloana and Axonopus fissifolius were the species that most increased their contribu-
tion in the Sl and NP plots. These species have acquisitive traits (Jaurena et al., 2012) to compete
in concurrent Sl and NP conditions. At the same time, Paspalum notatum, Paspalum plicatulum,
and Piptochaetium montevidense were more related to the control, favored by their conservative
strategy of stress tolerance. Sedges and Botriochloa laguroides were favored with the exclusive
application of Sl, while Paspalum dilatatum and Bromus auleticus, species of high forage value,
increased in situations of exclusive NP fertilization, mainly in the RF condition. Higher water avail-
ability led to a significant increase in C, acquisitive perennial grasses in the NP and SI plots,
meanwhile in the exclusively NP fertilized plots it enhanced both C; and C, acquisitive perennial
grasses. This behavior suggests that C, grasses capture fertility and water improvements in spring
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and summer and C, grasses take advantage of fertility residual effects in winter and spring. In accor-
dance with Yahdjian et al. (2011), both water and N availability limit primary production but proba-
bly at different times during the year. Therefore, a combination of plant functional strategies and
growing cycles in grassland communities is the key to be adapted to changes or disturbances.

Cyperus spp.
Botriochloa laguroides

Irrigated
A

Steinchisma hians

Mnesitheaselloana

CP 2 (32,6%)

Paspalum notatum

Piptochaetium montevidense

Control
Paspalum plicatulum

40 20 00 20 0

CP 1 (44,7%)

Fig. 1. Principal Component biplot of the main species according to Sl and NP treatments.

IV — Conclusions

In summary, the 2-year assessment of NP and Sl verified that complex interactions explained the
short-term variations in forage productivity. In addition, this NP-SI interaction created conditions
that increased the contribution of most valuable forage native species.

N fertilization response in the spring-summer period of a dry year was improved with Sl, while in
the following wet year the N response was improved with the combined application of N and P.
The lack of response to Sl in the second year highlights that water limitation may be important in
dry years but not in others, and foremost the need to combine SI with NP fertilization.

The present findings underline the importance of studying cumulative effects of fertilization and
water management in grasslands for a more sustainable management. From these results we
recommend further long term research on the interaction between Sl and NP fertilization, not only
on the effects on productivity, also in grassland dynamics and the environmental impacts.
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Abstract. Drought is the most important environmental stress for plants. Inadequate amount of rainfall or irri-
gation can reduce plant growth and forage production more than all the other environmental stresses com-
bined. In this experiment the influence of water stress on the growth parameters of Lotus corniculatus was
investigated. Plants from a natural population of a semi-arid area of Northern Greece (Drama) were select-
ed and transplanted to pots. After a period of plant establishment, two irrigation regimes were used: (a) irri-
gation up to field capacity and (b) partial irrigation in order to maintain water shortage conditions in the soil.
All measurements were taken during the growing season at four different phenological stages. Total shoot
weight, stem weight (SW), leaf weight (LW) and leaf area (LA) were measured during the growing season.
Also, the specific leaf area (SLA), leaf area ratio (LAR) and leaf weight ratio (LWR) were calculated. The
results showed that the limited irrigation significantly reduced the growth parameters LA, dry SW and LW,
while it did not affect the allometric parameters SLA, LAR, and LWR of L. corniculatus.

Keywords. Leaf area — Leaf weight — Stem weight — Specific Leaf Area.

Impact d’une limitation de lirrigation sur les caractéristiques de croissance de Lotus corniculatus

Résumé. La sécheresse est la contrainte environnementale la plus importante pour les plantes. Une quan-
tité insuffisante de pluie ou d’irrigation peut réduire la croissance des plantes et la production de fourrage
plus que toutes les autres contraintes environnementales combinées. Dans cette expérience, l'influence du
stress hydrique sur les parameétres de croissance de Lotus corniculatus a été étudiée. Des plantes d’une
population naturelle d’une zone semi-aride du nord de la Grece (Drama) ont été sélectionnées et transplan-
tées dans des pots. Aprés une période d’installation, deux régimes d'irrigation ont été utilisés: (a) lirrigation
a la capacité au champ et (b) l'irrigation partielle afin de maintenir des conditions de pénurie d’eau dans le
sol. Toutes les mesures ont été prises au cours de la saison de croissance a quatre stades phénologiques
différents. La masse seche de la partie aérienne, des tiges (SW), des feuilles (LW) et la surface foliaire (LA)
ont été mesurées au cours de la saison de croissance. En outre, la SLA, le LAR et le LWR ont été calculés.
Les résultats ont montré que l’irrigation partielle réduit significativement les parametres de croissance (LA,
sec SW et LW) et n’affecte pas les parametres allométriques (SLA, LAR et LWR) de Lotus corniculatus.

Mots-clés. Surface foliaire — Masse seche de la feuille — Masse séche de la tige — Surface Foliaire Spécifique.

| — Introduction

Plants under natural or agricultural conditions are exposed to various abiotic or biotic stresses.
Water deficit arises from both insufficient rainfall and soil water during the growing season (Lipiec
et al., 2013). Inadequate amount of rainfall or irrigation can inhibit photosynthesis, limiting plant
growth and survival more than all the other environmental stresses combined (Wang et al., 2003;
Zlatev et al., 2012). Moreover, prolonged drought can restrict plant growth and biomass produc-
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tion and modify the biomass allocation patterns and even cause plant death (Puri and Swamy,
2001; Rodiyati et al., 2005; Li et al., 2009). The allocation pattern that maximizes growth or water
use efficiency depends on the availability of water. Plants can acclimate to water stress through
physiological, morphological and biochemical responses (Xiong et al., 2006; Lambers et al.,
2008). Higher acclimation capacity and greater resistance is determined by the plant capacity to
maintain its physiological processes (Valladares et al., 2007).

Legumes are important components of pastures because they are the main crude protein source
in the animal food. Legumes are second after grasses in significance to agriculture and there is
an essential need to increase drought tolerance in these species (Sanchez et al., 2012). The
genus Lotus is widespread and includes a large number of species. Lotus corniculatus L. is the
most important and widely distributed crop from the Lotus genus and grows under a wide range
of environmental conditions (Diaz ef al., 2005a; Escaray et al., 2012). The aim of the current
study was to investigate the impact of limited irrigation on the growth and allometric parameters
of Lotus corniculatus in four phenological stages.

Il — Materials and methods

The experiment was conducted in the farm of the Aristotle University of Thessaloniki, Northern
Greece (longitude: 40°31°91", latitude: 23°59'58"), at an altitude of 6 m a.s.l. The climate of the
area could be characterized as Mediterranean semiarid with dry summers. The mean annual pre-
cipitation is approximately 400 mm and the mean annual air temperature is 15.5°C.

Plants of L. corniculatus from a natural population of a semi-arid area of Northern Greece (Dra-
ma) were selected in September and October of 2012 and transplanted in small pots. At the
beginning of March 2013, 32 plants were transferred in large pots (16 cm diameter and 45 cm
height), filled with natural soil of medium texture and placed under a transparent shelter. After a
period of plant establishment, drip irrigation was applied at two levels: full irrigation up to field
capacity (FI) and limited irrigation (LI) that lasted nine weeks (40% water of that received by FI).
The pots were placed in completely randomized design with four replicates. Measurements were
taken during spring 2013 on four different dates corresponding to four phenological stages: early
vegetative, vegetative, flowering and start of fruit formation. At each phenological stage four
plants were harvested, and the leaf area (LA), as well as, the fresh weight of shoots, stems and
leaves were measured. Leaf area was measured using the portable leaf area measurement sys-
tem Li-3000A (LiCor Lincoln, Nebraska, USA). Then the samples (leaves, stems) were placed
into an oven for 48 hours at 70°C to determine their dry weight. Specific leaf area (leaf area/leaf
weight: SLA), leaf area ratio (leaf area/total shoot dry weight: LAR) and leaf weight ratio (leaf dry
weight/total shoot dry weight: LWR) were calculated (Gurevitch et al., 2006).

Analysis of variance (ANOVA) was used to determine effects of the irrigation treatments and the
plant phenological stage (P < 0.05). Independent t-test was used to compare two means (Steel
and Torrie, 1980). Statistical analysis was performed using the statistical package SPSS (SPSS
for Windows, release 21.0; SPSS, Inc., Chicago, USA).

Il — Results and discussion

Both water treatment and plant phenological stage affected shoot dry weight (SW), leaf dry
weight (LW) and LA of L. corniculatus (P<0.05). Likewise, the interaction between these two fac-
tors was significant (P<0.05). Mean leaf and stem dry weights were significantly reduced under
water limited conditions (Table 1). However, throughout the growing season plants under limited
irrigation had significantly lower leaf dry weight (Fig. 1) compared to plants subjected to full irri-
gation. Only, at the early phenological stages, plants presented the same leaf dry weight in the
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two treatments. It is well demonstrated that increasing in water stress could decrease plant dry
weight (Rad et al., 2011). Moreover, throughout the growing season plants under limited irriga-
tion had significantly lower mean leaf area compared to plants under full irrigation (Table 1). The
decrease in total leaf area is considered one of the most important ways to reduce plant water
consumption (Carter et al., 1997; Moreno et al., 2008).

Table 1. Average values (* SE) of growth parameters of Lotus corniculatus under two irrigation treatments
of four phenological stages (n = 16)

Treatment SW Lw LA SLA LAR LWR
Full irrigation 142+08 1065+05 2194.8+183.6 2165+59 925+48 043+0.02
Limited irrigation 6.8 0. 5.084+0.5 967.63+782 2188+6.6 851+57 0.40%0.02
Sign. P<0.05 * * * ns ns ns

From the changes of SLA (Table 1, Fig. 2) during the growing season it becomes apparent that
L. corniculatus plants under limited irrigation had similar mean values compared to plants under
full irrigation. Only, at the stage of fruit formation (Fig. 1) plants under limited irrigation presented
significantly (P<0.05) higher SLA than under full irrigation. SLA is considered an essential trait of
plants to survive through a Mediterranean climate, since it is associated with relative growth rate,
leaf thickness and plant ability to use environmental resources, mainly light. The increased trend
in SLA, especially under limited irrigation, and the decreasing pattern of leaf weight at the stage
of fruit formation indicates that the species in the fruit formation stage developed thinner leaves
(Carter et al., 1997). Thus, similar SLA of L. corniculatus could be probably due to adaptation to
resource poor environments (Li et al., 2005). Moreover, no significant differences (P<0.05) in the
values of mean LAR and LWR between the two treatments were found. This result is in accor-
dance to the maintenance of L. corniculatus photosynthetic and photochemical performance
under water deficit that we have found (unpublished data). Therefore, although limited water irri-
gation decreased the plant size, it did not change the plant morphology. It seems that L. cornic-
ulatus is capable of maintaining optimum water balance under drought conditions, allowing the
function of its photosynthetic machinery (Diaz et al., 2005b).
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Fig. 1. Changes of a) leaf dry weight and b) Specific Leaf Area (SLA) of Lotus corniculatus at four dif-
ferent phenological stages under two irrigation treatments.
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IV — Conclusions

The present pot study indicated that limited irrigation significantly reduced the growth parameters
SW, LW and LA but it did not affect the allometric ones, SLA, LAR and LWR of L. corniculatus.
However, further work is needed to test this population, including additional morphological and
physiological traits and more severe drought conditions.
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Abstract. In Norway, farms in the mountain region need high amounts of conserved forage for the long win-
ter period. The agricultural statistics shows that the grassland yields have stagnated or even decreased in
some regions during the last 10-20 years. The farm size and milk production per farm has increased in this
period, due to more use of rented land and buying of milk quota. In a new project, we estimate grassland
yields to examine yield variations on the field level. The aim of the project is to explain yield variations under
practical farming conditions and identify bottlenecks for the grass production. We make registrations of the
yield by counting, weighing and sampling big bales. The botanical composition of the fields is examined by
the dry weight rank method. Information about soil conditions, land and fertilizer use is gathered from the
farmers and the advisory service. In the first year, six farms in three districts have participated in the project.
Preliminary results show large yield variations. Poor drainage conditions are common in parts of many fields,
limiting grass growth. Heavy traffic in connection with grass harvest and spreading of animal manure might
also give yield reductions. The botanical analyses show that coach grass (Elymus repens) has a high pro-
portion in many fields compared to other Norwegian investigations. We hope to extend this project the com-
ing years to make a sound basis for good advices in grassland production.

Keywords. Grassland — Agronomy — Yields — Botanical composition.

Composition botanique et variation de la production des prairies dans les zones de montagne
en Norvéege

Résumeé. En Norvege, les fermes de montagne ont besoin de grandes quantités de fourrages conservés pour
la période de l'hiver. Les statistiques agricoles montrent que les rendements des prairies ont stagné ou méme
diminué dans certaines régions au cours des 10-20 derniéres années. La taille de I'exploitation et la produc-
tion de lait par exploitation a augmenté durant cette période, en raison de I'utilisation de terres louées et I'achat
de quotas laitiers. Dans un nouveau projet, nous mesurons les rendements des prairies pour examiner les
variations de rendement sur le terrain. Le projet vise a expliquer les variations de rendement dans des condi-
tions de pratique agricole et a identifier les verrous pour la production d’herbe. Nous enregistrons les rende-
ments par comptage, pesée et échantillonnage des grosses balles de fourrage. La composition botanique des
prairies est examinée par la méthode de classement de poids sec. Des informations sont collectées sur les
conditions du sol, I'utilisation des terres et les engrais auprés des agriculteurs et des services de conseil. La
premiere année, six fermes dans trois districts ont participé au projet. Les résultats préliminaires montrent de
grandes variations de rendement. Les mauvaises conditions de drainage sont fréquentes dans certaines par-
ties de nombreuses parcelles, ce qui peut limiter la croissance de I'herbe. La circulation des machines de
récolte de I'herbe et d’épandage de fumier peut aussi étre la cause des baisses de rendement. Les analyses
botaniques montrent que le chiendent (Elymus repens) représente une forte proportion dans beaucoup de par-
celles par rapport a d’autres enquétes réalisées en Norvege. Nous espérons étendre ce projet dans les pro-
chaines années pour développer une base solide de conseils pour la production des prairies.

Mots-clés. Prairies — Agronomie — Rendements — Composition botanique.
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| — Introduction

Grassland farming makes the basis of mountain agriculture in Norway. With a snow cover lasting
from October-November until April-May, the yield of conserved grass for winter fodder is very impor-
tant for the farmers. Traditionally, the grass was conserved as hay. However, during the last 50-year
period silage has become the preferred method due to unstable weather conditions and techno-
logical development. Today, 75-80% of the grass is conserved in round bales with a short period of
wilting between cut and baling. A two-cut system is most frequently used with a first cut in late
June/early July and a second cut in late August/early September. At the highest altitude areas (900-
1000 m a.s.l.), only one cut is taken. In addition, some of the silage meadows are grazed in spring,
especially on sheep farms. Grazing in autumn is common for both sheep and cattle.

Grassland yield is difficult to measure precisely under practical farming conditions, and thus the
official yield statistics for grassland is more uncertain than for cash crops like cereals or potatoes.
The statistics indicate that the grass yield in Norway has levelled off during the last 10-20 years.
The farm size in the mountain district is generally smaller than in the lowlands. Many farms have
increased their milk or meat production during the past years, and most of their increased forage
production comes from rented land. This leads to longer transport distances both for forage to
the farm and for animal manure back to the fields. Many farmers want to increase their forage
production on the closest fields to reduce the transport costs. This leads to more intensive culti-
vation of fields close to the farm and more extensive cultivation of fields far away from the farm.

In Norway, the goal is to increase the agricultural production by 20 % before 2030 to maintain the
degree of self-sufficiency in food production (Landbruks- og matdepartementet, 2011). An increased
production in the mountain district must be based on higher yields per area, or on a higher utiliza-
tion of the pastures. The average farm size is increasing rapidly, and in many districts winter forage
is limiting production. More knowledge on factors restricting forage production is needed to give bet-
ter advice for the farmers. Therefore, this project was initiated measuring yield and botanical com-
position on farmer’s fields to obtain better knowledge of grassland production.

Il — Materials and methods

Forage yield and botanical composition in meadows was measured in 30 fields at six farms in the
mountain district of southern Norway in 2013, three farms in Nord-@sterdalen, two farms in Val-
dres and one farm in Ottadalen. The majority of fields were cut twice; five high-altitude fields were
cut only once, and in two fields the regrowth was grazed by sheep after the first cut. At all fields,
the forage was conserved as round bales. All bales per field were counted, and three representa-
tive bales were weighed and sampled after conservation. The samples were dried at 60°C for 48
hours to determine the dry matter content. The area of each field was measured from digital maps.
Dry matter yield per hectare was calculated by multiplying the number of bales with average bale
weight and dry matter content, and dividing it with the field area. The method of estimating yield
by counting and sampling grass bales worked out well. Counting the bales is simple, and sampling
three bales per field for weight and dry matter content is not very labour intensive. The bales can
be put aside and sampling and weighing can be done simultaneously for all cuts and fields from
a farm. The measurement of bales gives a good estimate for the whole field together, both pro-
ductive parts and less productive parts. This is difficult to address with other methods.

Botanical composition of the fields was examined using the dry weight rank method (tMannetje
and Haydock 1963) with dominance factors of 70, 20 and 10 for the three most frequent species
within each subplot. 15-20 subplots were registered within each field at random using a 50x50
cm frame. The fields were divided into three groups after age (1-3 yr, 4-7 yr, > 7 yr) to examine
changes in yield level, tested by one-way analysis of variance. Botanical composition was test-
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ed with a general linear model: Proportion = py + Age + Field within Age + Species, with field as
random variable. In addition, information about each field about soil quality, cropping history, fer-
tilization, drainage conditions and machinery use were collected from farmers.

Il — Results and discussion

The botanical composition of the meadows changed as the age of the meadows increased; there
was a significant interaction between age and species (P<0.001, Table 1). Aimost all meadows
were seeded with a mixture of Phleum pratense, Festuca pratensis and Trifolium species, often
with Poa pratensis included. Two fields in the oldest group were seeded with Dactylis glomerata
and Bromus inermis.

The newly reseeded fields showed as expected a very high proportion of the sown species with
a dominance of Phleum pratense. The proportion of clover was rather low, which is probably due
to high application of nitrogen fertilizers.

The 4-7 year old fields showed a declining content of the sown species Phleum pratense and
Festuca pratensis. However, the content of Poa pratensis increased. The content of coach grass
(Elymus repens) was high, and in five out of ten fields coach grass was the most frequent species
in this group.

Table 1. Proportion (%) of different species in cut meadows of different age in
the mountain districts of southern Norway

Number of fields 1-3 yr 4-7 yr >7 yr
N=11 N =10 N=9
Phleum pratense 56 21 3
Festuca pratensis 21 15 2
Poa pratensis 5 14 16
Trifolium repens 5 <1 1
Trifolium pratense 2 1 <1
Elymus repens 3 27 36
Poa annua 2 5 4
Taraxacum officinale <1 4 2
Dactylis glomerata <1 2 6
Agrostis capillaris 1 1 8
Deschampsia cespistosa 1 2 6
Alchemilla spp <1 1 6
Other grasses <1 1 4
Other herbs 3 7 6
Standard error mean 6.4 8.4 9.7
P value <0.001 <0.001 <0.001

In the oldest fields, Elymus repens had the highest proportion, with Poa pratensis on second pla-
ce. Coach grass was the most frequent species on five out of nine fields. Here, there was a high-
er diversity between fields in species composition, and typically, the content of herbs was higher
than in younger grasslands.

The content of coach grass was high compared with older Norwegian investigations (Nesheim 1986,
Lundekvam and Gauslaa 1986), although this species was present under different conditions. In the
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mountain districts, herbicide treatment with glyphosate against coach grass has not become com-
mon practice before renewal. With a continuous grassland production, coach grass is usually not
considered as a problem weed. Many farmers think they grow sown grasses although they have a
high proportion of coach grass in their meadows. When the proportion of sown species, especial-
ly Phleum pratense and Festuca pratensis, decreases after two-three years, coach grass fills
gaps in the sward and is well adapted to fertilization practice, harvest- and grazing regimes in the
mountain district.

The yield investigation showed average yields of about 6 tons dry matter per hectare (Table 2).
This figure is rather low compared with grassland experiments (e.g. Bakken ef al. 2009). Howe-
ver, compared with the official yield statistics it is high (Statistisk sentralbyra 2013). There are big
losses in the process between grass cutting and silage feeding. When measuring silage bales,
dry matter losses in the field and in the conservation process were included. However, losses
during feeding and disposal of badly preserved bales were not considered.

Table 2. Average yields of dry matter (t ha™') in two cuts in grassland of different age

Number of fields 1-3 yr 4-7 yr >7Tyr
N=8 N=8 N=3
Yield 18t cut 3.2 3.7 2.9
Yield 2" cut 3.1 2.6 2.6
Total yield 6.3 6.3 5.5
SE (total yield) 1.7 0.6 1.0
Minimum 3.6 5.8 44
Maximum 9.0 7.8 6.5

The average total yield did not differ between different grassland age groups (P = 0.54) (Table
2). The 4-7 year old grasslands yielded at the same level as the 1-3 year old ones. However, one
should not conclude about this from one year and a small material. Differences in harvest times
and elevation might influence the dry matter yield considerably, but the groups were quite simi-
lar in this respect. In the permanent meadow group (age >7 years) there were five fields in addi-
tion from high altitude fields (about 900 m a.s.l.). Here, only one late cut was taken with average
yield 4.1 t DM ha™'.

One goal of the project is to get a better understanding of yield variation between fields. Although
the material is yet too small to draw clear conclusions at this point, we could see that some of the
lowest yielding fields were poorly drained. The connection between botanical composition and
yield still is not clear, and there seems to be no clear effect of the content of Elymus repens on
dry matter yield. The project continues and hopefully, more clear conclusions may be achieved
later. Connections between yields, botanical composition, soil conditions and agronomical prac-
tice will be examined. From the first year we conclude that the high content of Elymus repens is
important. Many grasslands with age above three years have a high content of this species and
we need a better understanding of the effects of coach grass. Forage quality will be included in
the project in 2014. The methodology of measuring yields by counting and sampling grass bales
worked out well and will be continued.
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Agronomic performance of some perennial grass
cultivars in Algerian semi arid conditions
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Abstract. Selection of perennial forage grasses is aimed at improving the sustainability of cropping. Tolerance
to drought conditions, persistence and high forage yields are the major traits that determine the adaptability of
the tested genotypes. This study was conducted at the experimental site of the ITGC institute in Sétif during
the cropping season 2008/2009 with the objective of evaluating the performance of 13 varieties of perennial
grasses, belonging to two species: Festuca arundinacea Schreb. and Dactylis glomerata L. in a semi arid region.
Cultivar characterization focused on various agronomic traits in order to assess their adaptability to drought prone
environments. The results showed the existence of a wide range of variability between cultivars, particularly re-
garding biomass production, production cycle and persistence. These results showed high potential for the se-
lection of a plant material adapted to the specific conditions of the semi-arid areas of the Algerian high plains.
Indeed, this study allowed us to select the most adapted varieties such as Flecha, Fraydo and Kasbah.

Keywords. Festuca arundinacea — Dactylis glomerata — Tolerance to drought — Persistence — Adaptability.

Performance agronomique de quelques cultivars de graminées pérennes sous conditions semi-arides
en Algérie

Résumeé. La sélection des graminées fourragéeres pérennes vise a améliorer la durabilité du systeme de pro-
duction. La tolérance a la sécheresse, la persistance ainsi que la production de la biomasse sont les princi-
paux caracteres qui déterminent la capacité d’adaptation des génotypes. Cette étude a été réalisée dans une
région semi-aride, au niveau de ITGC de Sétif durant la campagne 2008/2009 avec I'objectif d’évaluer la per-
formance de 13 variétés de graminées pérennes appartenant a deux especes : Festuca arundinacea Schreb.
et Dactylis glomerata L. La caractérisation a porté sur différents traits agronomiques afin d’évaluer la capa-
cité d’adaptation des différents cultivars aux conditions de stress hydrique. Les résultats ont montré I'exis-
tence d’une grande variabilité entre les variétés évaluées, en particulier en ce qui concerne la production de
biomasse, le cycle de production ainsi que la persistance. Ces résultats suggerent 'existence d’un potentiel
génétique pour la sélection d’'un matériel végétal adapté aux conditions spécifiques des zones semi-arides
algériennes. En effet, cette étude nous a permis de sélectionner les variétés les plus adaptées, a savoir
Flecha, Fraydo et Kasbah.

Mots-clés. Festuca arundinacea — Dactylis glomerata — Tolérance a la sécheresse — Persistance — Adaptation.

| — Introduction

Forage and turf grasses are the backbone of sustainable agriculture and contribute extensively to
the world economy. They play a major role in providing high quality and economical meat, milk,
and fibber products and are important in soil conservation, environmental protection, and outdoor
recreation (Wang et al., 2001). In the Mediterranean environment, the possibility of grasses to sur-
vive water stress during summer depends on their ability to reduce the vegetative phase to a dor-
mant phase, and become active again under the first autumn rains (Laude, 1953). Stress-tolerant
forage resources are increasingly needed for the environmental and economic sustainability of
extensive Mediterranean livestock systems. In this context, perennial forages can be a valuable
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alternative to annuals, if they can survive across successive summer droughts. Poor persistence
of sown perennial pasture grasses is a problem in the Mediterranean regions all-over the World
where the most stressful, life-threatening season is a summer characterised by long and often
severe droughts with high temperatures. Among the perennial grass species of common interest
across the Mediterranean basin, tall fescue (Festuca arundinacea Schreb.) and orchardgrass
(Dactylis glomerata L.) are of paramount importance (Ghesquiere and Jadas-Hécart, 1995).

The objective of this study was to characterize variation for dry matter yield, forage maturity, plant
height, and persistence among cool-season perennial grass varieties evaluated under semi arid
conditions of the eastern high plains of Algeria.

Il — Materials and methods

Thirteen perennial forage grass varieties were implanted, among which seven varieties of Festuca
arundinacea Schreb. and six varieties of Dactylis glomerata L. (Table 1). The plant material was
obtained by PERMED project (INCO-CT-2004-509140). The field study was conducted during the
2008/09 cropping season at Sétif Agricultural Experimental Station (36°12’N, 5°24’E, 1023 m asl).
The long term annual mean precipitation of the experimental site is 396.0 mm, occurring mainly in
November to March with a winter mean temperature of 6.6°C and a spring mean temperature of
12.5°C. The climate is temperate continental, varying from arid to semi-arid. Season 2008/09 was
characterized by a cold rainy winter and a warm spring with a rainfall peak in April, followed by a
dry and hot summer. The soil is loamy clay, with a bulk density of 1.35 g cm™.

Each grass variety was sown on 10 row-plot 2.5 m long and 0.20 m row spacing. The 6 inner rows
were harvested in November 2008 and April 2009 by clipping mechanically at a height of 7.0 cm.
Fresh plant material samples, of varying size (100-500 g), were dried at 70°C for 48 h at each har-
vest for dry matter determination. Defoliation was initiated in the autumn before the onset of kill
frost and in the spring season when inflorescence emerged in at least 4 varieties. Heading date
was recorded, on the outer rows, as the number of Julian days from January 15t to the date when
50% panicles fully emerged. Plant height was determined as an average of three measurements
taken per plot from the soil surface to the highest point of the vegetation just before the harvest.
Variation in the ground cover was used as a measure of persistence.

All data collected were analysed as a randomized complete block design using GenStat (Disco-
very Ed.). Differences among the means were tested using the least significant difference (LSD)
test at the 0.05 probability level.

Ill - Results and discussion

Mean plant height, averaged over cultivars, varied from 20.0 cm to 40.2 cm with significant dif-
ferences between seasons (P <0.001) (Table 1). The Dactylis Delta-1 was the shortest variety
with a mean of 20 cm and Lutine and Fraydo fescues were the tallest among the evaluated en-
tries with 34.2 cm and 40.2 cm respectively (Table 1). Dry matter yields over cultivars were rela-
tively low during autumn as compared to spring harvests (Table 1), with an average dry matter
yield of 0.43 t ha! for the autumn harvest and 0.84 t ha! for the spring harvest, which allowed
better expression of the yielding ability of the different varieties. The analysis of variance of the
autumn dry matter yield indicated that the Kasbah cocksfoot and the tall fescue varieties Fraydo
and Centurion were the top yielding with an average dry matter yield of 0.69 t ha™', while the low-
est dry matter yield was recorded with Medly with an average of 0.16 t ha"!. Concerning the
spring dry matter yield, Anova showed significant differences (P = 0.014) (Table 1) among treat-
ments, the mean values ranging from 0.47 t ha™! (Lutine) to 1.35 t ha! (Flecha).
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Plant height at the defoliation period was directly correlated to the production level of each vari-
ety. The sward elongation was slow at the beginning of the cycle (autumn), when the differences
between species were very small. The elongation became higher at the end of the cycle when
tall fescue varieties exhibited a better response to the environmental conditions than Dactylis va-
rieties. Volaire (1991) suggested the existence of a strong correlation between vegetation height,
vigour, and recovery. Concerning the dry matter production, crops were harvested twice, in
autumn and spring when significant differences were noted between varieties (Table 1). The poor
autumn production could be explained by the low level of soil moisture available for growth; au-
tumn rains usually arrive very late, and in summer there is a complete absence of rain resulting
in gradual dormancy of the different varieties, which reduced their dry matter production.

Row cover and the number of days to heading showed significant differences between cultivars
(Table 1). Thus, sward persistence as expressed by final row cover ranged from 31.0% (Lutine)
to 78.7% (Kasbah) in autumn and from 28.7% (Lutine) to 69.8% (E542) in spring (Table 1). Re-
garding the number of days to heading, Flecha exhibited the earliest heading date (114.7 and
120.7 days, respectively), while Dactylis varieties Delta1 and Jana were the latest to head (133.5
and 135 days, respectively) (Table 1).

Table 1. Description of the studied varieties an d genotypic means during the fourth production year

Name Origin PHT DM1 DM2 Rec1 Rec2 DHE
Cocksfoot

Jana Italy X north Africa 25.7 0.3 0.6 54.8 46.5 135.0
Medly Mediterranean 22.6 0.2 0.6 44.6 384 121.3
Kasbah South Morocco 26.8 0.7 1.2 78.7 59.7 129.7
Delta-1 France 20.0 0.3 0.5 61.6 53.4 133.3
Currie Algeria 22.7 0.4 0.7 61.2 45.1 127.7
Ottava Sardinia 25.8 0.4 0.6 51.2 42.9 129.7

Tall fescue

Tanit Italia X Morocco 32.2 0.5 1.2 64.0 55.2 125.3
Sisa Sardinia 31.2 0.4 0.9 47.6 42.3 125.3
E-542F France X Tunisia 29.7 0.4 0.7 70.7 69.8 122.7
Centurion Italia X Tunisia 31.4 0.7 1.2 66.7 64.7 124.7
Flecha France X Tunisia 28.7 0.5 1.3 75.8 65.4 114.7
Lutine Temperate X

Mediterranean types 34.2 0.2 0.5 31.0 28.7 129.0
Fraydo Israel 40.2 0.7 1.0 56.3 40.7 120.7
LSD (0.05) - 5.28 0.26 0.53 9.06 13.35 6.74

 E-542 = Flecha tall fescue infected with the non toxic AR5421 strain of Neotyphodium Coenophyialum. Plant
height (PHT, cm), Autumn dry matter yield (DM1, t ha™'), Spring dry matter yield (DM2, t ha™"), Plant recovery
(REC1,2,%), Number of days to heading (DHE, days).

The lower persistence of continental Dactylis glomerata cultivars in comparison with the Medite-
rranean ones can be ascribed to their difficulty in developing a deep root system and extracting
water under conditions of limited water availability (Volaire and Lelievre, 2001). The widespread
yield advantage of Festuca over Dactylis may largely derive from greater growth across autumn and
winter (Leliévre et al., 2011). Kasbah maximized the drought tolerance and persistence through its
complete dormancy trait. The high level of persistence attained by Flecha arose from survival mech-
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anisms other than complete dormancy, such as the deep root system (Lelievre et al., 2011) and the
development of an extensive collar of senescent leaf sheaths around its young tillers in summer
which could increase tiller survival by reducing transpiration losses (Norton et al., 2006).

IV — Conclusion

These results showed the possibility to select an adapted material of Dactylis glomerata and
Festuca arundinacea to the specific conditions of the semi-arid areas of the Algerian high plains,
where annual rainfalls rarely exceed 400 mm per year. Flecha, Fraydo and Kasbah showed su-
perior adaption for the measured traits. There was some evidence for better drought tolerance of
earlier-heading varieties.
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Abstract. The preliminary results of a trial aimed at optimizing legume-cereal mixtures are reported. The
experiment was carried out during the season 2012-2013 in North Sardinia (ltaly). Sixteen plots were sown
in November 2012 with pea or vetch and oat or triticale in monoculture and mixtures, following a randomized
complete block design with 4 replicates. Measurements included dry matter production, botanical composi-
tion and phenology. The dry matter production of sown species ranged between 5.0 and 7.3 t ha™'. Both
vetches cultivars showed a very competitive behaviour against unsown species. These preliminary results
allowed to identify some mixtures with correct dry matter yield combined with a favourable forage composi-
tion and a satisfactory control of unsown species.

Keywords. Annual forage crops — Pea-based mixtures — Binary mixtures — Grass pea — Common vetch.

Capacité de production de divers mélanges annuels de céréales et de légumineuses

Resumeé. Les premiers résultats d’une expérimentation dont I'objectif était d’optimiser des mélanges de cé-
réales et de légumineuses sont présentés. Seize parcelles ont été semées en Novembre 2012 avec pois ou
vesce et avoine ou triticale, en monocultures et en mélanges, selon un plan expérimental randomisé avec 3
répétitions. Des mesures ont été effectuées sur la biomasse : mesure de la production de matiere séche, ana-
lyse de la composition botanique et de la phénologie. La production de matiere seche des especes cultivées
variait entre 5,0 et 7,3 t ha'!. Les deux cultivars de vesce ont montré un haut niveau de compétitivité par rap-
port aux especes non semées. Ces résultats préliminaires ont permis d’identifier des mélanges avec un bon
rendement combiné a une composition favorable du fourrage et un contréle satisfaisant des especes sauvages.

Mots-clés. Cultures fourragéeres annuelles — Mélanges a base de pois — Mélanges binaires — Vesce de
Narbonne — Vesce commune.

| — Introduction

Crop-livestock systems are threatened by the overexploitation of forage resources, the marked
insufficiency of high-protein feedstuff, the increasing costs of agricultural inputs and climate change.
Enhancing forage productivity by exploiting synergies among different functional groups of plants
as an alternative to high artificial inputs is one of the challenges faced by agricultural research (Finn
et al., 2013). Legumes and cereals mixtures are of particular interest to boost fodder protein con-
tent especially in organic farming systems, where the self-sufficiency in protein production allows a
higher economic profitability. Nonetheless, the success of the mixtures relies on the right choice of
species and varieties, as they could have a facilitative effect one each other, produce maximum
yield at the same harvest time, and have the same sowing date (Eskandari et al., 2009).

The objective of our experiment was to optimize the composition of annual pea-based mixtures
according to the associated cereal (oat or triticale) and the pea plant type (semi-dwarf semi-leaf-
less, or tall semi-leafless), and to compare their yielding ability with other legume-based mixtures
(i.e. common and Narbon vetch).
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Il — Materials and methods

The trial was carried out at the CNR-ISPAAM experimental field ‘Leccari’, North Sardinia, Italy
(40°45’'15”N, 8°25'13”E; altitude 24 m a.s.l.). The climate is Mediterranean, with dry and hot sum-
mer and mild winter. Average annual rainfall is 550 mm, concentrated from October to May. The
site is characterized by a deep alluvial soil, with pH 7.8. Pisum sativum L. (pea), semi-dwarf and
semi-leafless type (cv Attika, P1) and tall size and semi-leafless type (line 1/27b, P2), Vicia nar-
bonensis L. (Narbon vetch, cv Bozdag, N) and V. sativa L. (common vetch, cv Barril, V), Avena
sativa L. (oat, cv Bionda, O) and x triticosecale Wittm. (triticale, cv Amarillo, T) were evaluated.
A total of 16 treatments were compared: six pure stands (P1, P2, N, V, O, T), eight binary mix-
tures (P1-T, P1-0O, P2-T, P2-O, N-T, N-O, V-T, V-O) and two 4-species mixtures (P1-P2-O-T, V-
N-O-T). Fertilizers were applied as 45 kg P,0O4 ha"in all plots plus 30 kg N ha™!in cereals mono-
culture and 15 kg nitrogen ha™! in legumes and legume-based mixtures before sowing. Nitrogen
fertilization was repeated at the end of winter. Broadcasting seeding of plots was done in mid-
November 2012 following a randomized complete block design with four replicates. Plot size was
12 m? (3 m x 4 m). Germinable seed rate (no. m2) was 70 for P1, P2, and N, 140 for V and 280
for O and T. In binary mixtures and 4-species mixtures, seed rates were halved or reduced to a
fourth, respectively. Plots were entirely rainfed. Harvesting was carried out when cereals were at
flowering stage, on May, 9t 2013. Plants were cut at 2 cm above the soil from a 1 m2 sampling
area at the centre of each plot. Each mixture component and unsown species were separated
from the resulting sample and weighted. A subsample was dried in ventilated oven at 65 °C up
to constant weight and re-weighted, in order to estimate the aboveground dry matter yield (DMY)
of both sown and unsown species. Phenological stages were observed weekly from germination
to harvesting and assigned when at least 50% of plants of the whole plot showed a specific stage.
Meteorological conditions were registered during the trial.

One-way ANOVA was carried out using the software Statgraphics Centurion xv. Homoscedasticy
of data was assessed by Bartlett’'s test. Mean differences among treatments were separated by
LSD test at 0.05 probability level.

Ill - Results and discussion

Meteorological pattern. Total rainfall from seeding to harvest was 495.9 mm. A small amount of
rain fell after sowing in autumn, but winter was unusually wet. Monthly mean temperatures sho-
wed slightly higher values than annual average mean temperatures in January (+1°C) and lower
values in February (-1.3°C).

Phenology. For all species and treatments, seedling emergence occurred eleven days after
sowing. Both pea varieties flowered 57 days before the flowering stage of oat and 51 days before
for triticale (Table 1). Nevertheless, P1 showed ripe brown pods and dry seeds when O was at
booting stage and T showed the first awns. P2 showed some dry pods and seeds at the base of
plant only at harvesting, when cereals were at flowering stage. P1 was too early maturing in bina-
ry mixtures compared to oat and triticale. Conversely, harvesting stages of vetches and cereals
matched, as V and N flowered when O and T were at heading stage. Consociation did not affect
phenology of species in the cereal-legume mixtures.

DMY of sown and unsown species. DMY of sown species ranged between 5.0 and 7.3 t ha™’
with significant differences among treatments (Fig. 1). The average DMY was 6.1, 6.4 and 6.3 t
ha™'in monocultures, 2- and 4-species mixtures, respectively. DMY of V-N-O-T (7.3 t ha!) and V-
O (7.1 t ha™) differed significantly from DMY of P1-O (5.2 t ha™'), P1-P2-O-T (5.3 t ha'') and P2
(5.0 t ha'!). The other 2-species mixtures showed intermediate DMYs. In general terms, this out-
put indicates an absence of strong interactions between species observed in other trials (Dhima
et al., 2007), probably due to the lower seeding rate of legumes used in this experiment. DMY of
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unsown species (DMY,,) was less than 1 t ha. DMY,, was significantly higher in P1, P2 and T than
in V, N and O (data not shown).

Both vetches showed a very competitive behaviour against unsown species, thanks to their abil-
ity to cover soil with a dense canopy. A slight trend towards a higher efficiency in controlling
unsown species was shown in binary mixtures where oat was a component. Finally, V-N-O-T
showed a better control than P1-P2-O-T mixture.

Botanical composition. The cultivars used in the legume-based mixture showed a good amount
of legume biomass on the basis of weight. The percentage of legumes in mixtures (DMY*100/total
DMY) ranged between 37% (P2-O) and 87% (V-T) (Fig. 2). In binary mixtures, the contribution of
vetches (57.5%) was higher than that of peas (34.9%), especially common vetch (72%). This could
be explained not only with the better control of unsown species by vetches compared to peas but
also with the higher competitive behaviour of vetches against the other sown species.

Table 1. Phenological stages of legumes and cereals used in mixtures. The phenological stage is ex-
pressed as number of days elapsed from sowing. Sowing was carried out on November 15t
2012. Phenological observations ended at day 175 (harvesting)

Legumes Cereals
Phenological stage P1 P2 N \' Phenological stage (0] T
Stem elongation 97 97 97 97 Tillering 97 97
First flower 110 105 135 143 Stem elongation 127 127
50% flowering 118 118 155 155 Booting 151 148
18t pod 127 127 151 162 Heading 159 155
Pods with green seeds 141 169 169 169 Full flowering 175 169
Pods with dry seeds 151 175 - - End of flowering - 175

P1 = P. sativum cv Attika, P2 = P, sativum line 1/27b; N = V. narbonensis cv Bozdag; N = V. sativa cv Barril;
O = A. sativa cv Bionda; T = x triticosecale cv Amarillo.
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Fig. 1. Dry matter yield (t ha') of pea cv Attika (P1), pea line 1/27b (P2), Narbon vetch cv Bozdag (N),
common vetch cv Barril (V), oat cv Bionda (O) and triticale cv Amarillo (T) monocultures and
their 2- and 4-component mixtures. Different letters show significant differences (P<0.05).
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Fig. 2. Contribution (%) to total DMY of DMYs of unsown species (W), pea cv Attika (P1), pea line
1/27b (P2), Narbon vetch cv Bozdag (N), common vetch cv Barril (V), oat cv Bionda (O) and trit-
icale cv Amarillo (T) in monocultures, binary and 4-component mixtures.

IV — Conclusions

These preliminary results allowed identifying some mixtures with a good DMY and a favourable
botanical composition, i.e. V-O and N-V-O-T. Moreover, some species and varieties in our trial
matched for phenology and showed a great ability in controlling unsown species. Integrative
chemical analyses are needed to assess what are the mixtures with the highest forage quality.
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Abstract. In PDO Comté cheese area, especially in the Jura Mountains, grass from pastures is the main feed
of dairy cows during the grazing season. To maintain the high nutritive value of grass, farmers have to cut
grass refusals after the exit of cows from the paddock. An alternative is to use horses to eat these grass
refusals, thanks to complementary feeding behaviours between these 2 herbivorous species. Thus, some
farmers associate draught horses to dairy cattle on pastures. The aim of our study is to analyse the farmers’
practices about grazing management when they associate horses and dairy cows on the same pastures. A
survey was performed in 14 mixed (draught horses + dairy cattle) farms producing PDO Comté cheese. The
results highlighted three types of associations between horses and lactating cows on pastures: (i) successive
grazing, (ii) simultaneous grazing, (iii) winter grazing of horses. Moreover, three managements of grass
refusals by cows were identified: (i) horses only, (ii) mowing only, (iii) both horses and mowing. In view of
these 14 farms, the use of horse grazing to manage grass refusals could depend on the type of horse graz-
ing, the equine stocking rate and the value of horses/cows ratio.

Keywords. Dairy cows — Grazing — Draught Horses — Mountain pastures.

Qualité des patures des vaches laitiéres présentes en zone AOP Comté dans le massif du Jura:
Entretien des parcelles par les chevaux de trait

Résumé. Dans le massif du Jura, en zone AOP Comté, I'herbe péaturée est la principale ressource alimen-
taire des vaches laitieres durant la saison de paturage. Pour maintenir la valeur nutritive des patures, les éle-
veurs doivent éliminer régulierement les refus des vaches laitieres. Une solution alternative a la gestion
meécanique de ces refus est I'utilisation des chevaux, grace a la complémentarité alimentaire entre ces deux
especes. Ainsi, certains éleveurs associent les deux espéeces sur les péatures. Notre étude avait pour objec-
tif d’étudier les pratiques des éleveurs concernant la gestion du paturage lorsqu’ils associent des chevaux de
trait et des vaches laitieres sur les mémes parcelles. L’enquéte menée dans 14 exploitations (chevaux de
trait + vaches laitieres) a mis en évidence trois types d’associations de chevaux et de vaches au péturage:
(i) le paturage alternatif, (ii) le paturage simultané, (iii) le paturage hivernal des chevaux. De plus, trois ges-
tions différentes des refus ont été identifiées: (i) I'utilisation que des chevaux, (ii) la fauche des refus, (iii) la
fauche en plus du paturage par les chevaux. Au vu de ces 14 élevages, le choix des chevaux dans la ges-
tion des refus des vaches dépendrait des modalités de paturage des chevaux, du chargement équin et du
ratio chevaux/vache sur les patures.

Mots-clés. Vaches laitieres — Paturage — Chevaux de trait — Montagne.

| — Introduction

In the Jura Mountains (located in Franche Comté region), the Protected Designation of Origin
(PDO) Comté cheese production is based on grazing farming systems and grass has to be the
main component of the dairy cows diet. Thus, it is essential to manage the quantity and quality
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of grass. To maintain a high nutritive value of pastures during grazing period, farmers have to re-
move grass refusals of dairy cows. Some farmers replace mechanical mowing of grass refusals
by associating draught horses and dairy cows grazing as the feeding behaviours of both species
are complementary (Menard et al., 2002; Orth, 2011). The aim of this study is to analyse the farm-
ers’ practices about grazing management when they associate draught horses and dairy cows
on the same pastures.

Il — Materials and methods

Some surveys have been carried out in 14 farms located in the Jura Mountains (from 700 meters
to 1000 meters above the sea level) and producing PDO Comté cheese. The farms were chosen
because they had both dairy cattle and draught horses (at least 3 mares). The questionnaire
focused on grazing management on cows’ paddocks, especially concerning the use of horses to
remove grass refusals after cow grazing on each paddock. The horses/cow ratio (expressed in
percentage) was calculated as the number of equine Livestock Unit (LU) divided by the number
of LU of lactating cows * 100. The equine stocking rate on cows’ pastures (expressed in LU/ha)
was calculated as the number of LU per hectare of paddocks grazed by lactating cows. One lac-
tating cow is equal to 1.00 LU, one suckling mare (2 years old at least) is equal to 0.93 LU and
one growing horse is equal to 0.74 or 0.90 LU, depending on its age from 1 to 2 years old (INRA,
2012). As regard as the few numbers of farms, qualitative analyses were performed.

Ill — Results and discussion

1. Farms characteristics

The total area of farms was on average 101 + 8 ha (means * standard of error of the mean); n =
14 farms; ranged from 54 to 160 ha). Grasslands represented 96% of this total area. One farm
had 15 ha of crops and one farm cultivated 1 ha of forage maize. Permanent grasslands repre-
sented 94% of the grassland area. Lactating cows grazed from April to November. Horses pas-
tured during the grazing period and also in winter, except in 3 farms. The herds’ size was on aver-
age 81 + 7 cattle LU and 10 £ 2 horses LU (means + SEM; n = 14 farms). On average, farms had
12 horses per 100 head of cattle (19 horses per 100 lactating cows). The global stocking rate was
0.94 £ 0.03 LU/ha (means £ SEM; n = 14 farms; ranged from 0.68 to 1.20 LU/ha). The milk pro-
duction was on average 7.345 kilogrammes per cow per year. The milk productivity per grass-
lands hectare was on average 3.296 kilogrammes per hectare. These farms had a grazing sys-
tem which was more or less extensive. These global characteristics were representative of the
dairy systems located in the Jura Mountains (Cassez et al., 2012).

2. Grazing management of cows’ pastures

In all farms, horses grazed at least once the paddocks which were grazed by lactating cows.
Three modes of association between cows and horses on pastures can be described. The first
mode (in 6/14 farms) consisted in a simultaneous grazing: cows and horses grazed together in
the same paddocks. The second mode (in 8/14) was a successive grazing, with cows first and
then horses. The third mode (in 8/14) was a winter grazing of horses: horses grazed alone dur-
ing winter on the paddocks used by cows during the grazing period. In this last mode, farmers
wanted to keep horses near the stable, so they used dairy cows’ paddocks. These modes of
horses — cows association were also observed in Auvergne (Bigot et al., 2013). They can be com-
bined on the same farm (Table 1).
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Table 1. Six groups of farms having the same mode of horses/cattle association on cows’ pastures

Groups of | Il 1l v \' \'|
farmers

Association of Simultaneous  Simultaneous  Simultaneous  Successive Successive = Winter
horses and cows grazing and then grazing and grazing
on the cows’ winter grazing successive winter

pastures grazing grazing

Number of farms 1 3 2 3 3 2

The equine stocking rates on the cows’ pastures were lower in the simultaneous grazing (0.18 +
0.04 LU/ha; means + SEM; n = 6 farms) than in the successive grazing (0.51 + 0.18 LU/ha;
means + SEM; n = 8 farms). In addition, the horses/cow ratios were lower in the simultaneous
grazing (9% * 1%; means * SEM; n = 6 farms) than in the successive grazing (28% * 7%; means
+ SEM; n = 8 farms). These results suggested that when the equine stocking rate and the hors-
es/cow ratio were higher, farmers chose a successive rather than a simultaneous grazing mode.
As milk production is the major production of these farms, farmers preferred to keep pasture first
for lactating cows. Farmers revealed that they managed the grazing of horses in order to main-
tain the quality of the cows’ pastures which was essential for the feeding of cows. An experi-
mental study showed that the animal performances could vary with the horses/cattle ratio and the
annual pasture productivity (Martin-Rosset and Trillaud-Geyl, 2011). Thus, the horses/cow ratio
and the equine stocking rate seemed to determine the mode of horses-cows association on pas-
tures. Further study would be necessary to evaluate the horses/cow ratio and equine stocking
rate thresholds in the different horses-cows associations in order to avoid degradation of animal
performances and pastures quality.

3. Use of draught horses in the management of grass refusals

In relation with the previous global grazing management, two ways to remove grass refusals on
the paddocks after being grazed by dairy cows can be observed: the grass refusals were either
(i) consumed by horses or (ii) mechanically mowed. The first modality can be observed in most
of the farms (11/14). However, three groups of farmers were identified.

The first group of farmers (7/14) didn’t use the mechanical mowing to remove grass refusals.
According to these farmers, the horses-cows association on paddocks was sufficient to remove
grass refusals or avoid their occurrence. In these farms, draught horses grazed with or after lac-
tating cows on paddocks, several times during the grazing period.

The second group of farmers (4/14) removed the grass refusals using the horses and the
mechanical mowing. In these farms, horses grazed either a part of area grazed by cows or all the
pastures with or after cows only during a short period at spring or autumn. Thus, these farmers
used horses to remove only a part of grass refusals.

The third group of farmers (3/14) preferred to use the mechanical mowing in order to remove
grass refusals. In this group, horses grazed alone only during winter or after cows grazing dur-
ing a short period at autumn. These farmers considered that horse grazing was not sufficient to
remove grass refusals.

The modes of horse grazing (number of times, period of grazing) rather than the mode of hors-
es-cows association on the cows’ pastures seemed to influence the efficiency of horses grazing
to remove grass refusals or avoid their occurrence.
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The grassland area, the global LU and the global stocking rate were not different between the
three groups of farms (Table 2). However, the horses/cow ratio on pastures tended to be lower in
the groups Il and Il than the group | (Table 2). A survey performed in Auvergne highlighted that
when the horses/cattle ratio was low (around 10%), the mixed grazing had no influence on the for-
age estimate compared to only cattle grazing (Bigot et al., 2010). Thus, the horses/cow ratio could
determine the success of the removal of grasses refused by cows using horses grazing. Moreover,
the equine stocking rate on cows’ pastures tended to be lower in the groups Il and Ill than the
group | (Table 2). Thus, the stocking rate and the number of times where horses grazed the cows’
pastures could be also the key factor in the maintenance of cows’ pastures with draught horses.

Table 2. Main features of the 3 groups of famers, depending on the type of management of grasses
refused by cows (means +/- SEMY)

Group of farms | Il 1

Management of grasses refused by cows Horse grazing Horse and mowing Mowing
Number of farms 7 4 3
Grassland area (ha't) 89 + 11 108 + 20 113 £ 21
Global livestock unit 807 102 + 16 100 = 15
Global stocking rate (LU/haftt) 09+£0.1 1.0£0.1 0.91 £0.05
Equine stocking rate on cows’ pastures (LU/hafft) 0.55 £ 0.23 0.22 £ 0.07 0.18 £0.03
Horse/cow ratio on cows’ pastures (%) 3110 8+2 12+ 4

T SEM: Standard Error of the Mean; Tt ha: hectare; T LU/ha: Livestock Unit/hectare.

IV — Conclusions

In the Jura Mountains, herds of draught horses were involved in cows’ pastures management in
dairy farming systems in similar ratio than in Auvergne (Bigot et al., 2013). It appeared that the
horse grazing could be an alternative solution to remove grasses refused by cattle if the grazing
pressure of horses was sufficient. Further studies would be performed to evaluate the best con-
ditions of mixed grazing on the maintenance of cows’ pastures (biodiversity, productivity) and to
assess the economic and environmental advantages of horse grazing to remove grass refusals.
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ryegrass (Lolium perenne L.) genotypes
collected from natural flora

H. Mut'*, E. Gulumser', M. Dogrusoz', U. Basaran’, I. Ayan? and A. Gulumser?

1Bozok University, Faculty of Agricultural and Natural Science, Department of Field Crops, Yozgat (Turkiye)
20ndokuz Mayis University, Faculty of Agriculture, Department of Field Crops, Samsun (Turkiye)
*e-mail: hanife.mut@bozok.edu.tr

Abstract. This study was conducted to characterize perennial ryegrass genotypes collected from Yozgat's
flora and evaluate regarding yield, quality and site adaptation. Plant materials were collected from 53 loca-
tions and, each location included several genotypes. Seeds firstly were sown in plastic trays on October 2010
and then transplanted to field with 50x50 distance on the following month of march. In the first year, there
was no observation but plants were cut frequently to avoid seed formation. Observation began the second
year and concerned: plant height, main stem diameter, node number, flag leaf length and leaf ratio, plant dry
weight, protein, ADF, NDF ratios, and minerals (P, K, Ca, Mg) contents. In 462 genotypes collected from 53
locations, the data ranged between 46.2 - 71.2 cm for plant height, 1.09 - 6.67 mm for main stem diameter,
2.0 - 5.0 for node number, 5.50 - 35.00 cm / 1.00 - 5.00 mm for flag leaf length/width, 5.41 - 91.03% for leaf
ratio, 4.21 - 285.86 g for plant dry weight, 8.64 - 17.95% for protein ratio, 21.34 - 41.14% for ADF, 45.13 -
70.41% for NDF, and 0.32 - 0.52%, 2.65 - 5.34%, 0.02 - 0.69%, 0.06 - 0.33% for P, K, Ca, Mg content respec-
tively. The study highlighted the existence of variability between the populations. The investigated features in
this study must be repeated one more year, and then in the light of the two year data, selection will be made
to use turfgrass and forage cultivation.

Keywords. Lolium perenne L. — Perennial ryegrass — ADF — NDF — Protein.

Evaluation et caractérisation de génotypes de ray-grass anglais (Lolium perenne L.) collectés dans
la flore naturelle

Résumeé. Cette étude a été conduite pour caractériser des génotypes de ray-grass anglais (Lolium perenne.
L.) collectés dans la flore du Yozgat et évaluer leur production, leur qualité et leur adaptation au site. Le maté-
riel végétal a été collecté en 53 lieux différents, chaque lieu comportant plusieurs génotypes. Les graines ont
été d’abord semées dans des bacs plastiques en Octobre 2010, puis ils ont été transplantés au champ avec
des intervalles de 50x50 cm en mars suivant. Durant la premiére année, il n’y a pas eu d’observations, mais
les plantes ont été coupées régulierement pour éviter la formation de graines. Les observations ont com-
mencé la deuxiéme année et la hauteur des plantes, le diametre de la tige, le nombre de nceuds, la longueur
du limbe, la proportion de feuilles, le poids sec, les teneurs en protéines, ADF, NDF et en minéraux (P, K, Ca,
Mg) on été mesurés. Parmi les 462 génotypes collectés en 53 lieux, les données ont varié entre 46,2-71,2
cm pour la hauteur, 1,09-6,67 pour le diametre de la tige, 2,0-5,0 pour le nombre de nceuds, 5,50-35,00 cm
/1,00-5,00 mm pour la longueur/largeur du limbe, 5,41-91,03 % pour la proportion de feuilles, 4,21-285,86 g
pour le poids sec, 8,64-17,95% pour la teneur en protéines, 21,34-41,14% pour 'ADF, 45,13-70,41% pour la
NDF, et 0,32-0,52, 2,65-5,34, 0,02-0,69, 0,06-0,33% pour les teneurs en P, K, Ca et Mg respectivement.
L’étude montre I'existence d’une variabilité entre populations. L’étude doit étre répétée une deuxiéme année
pour sélectionner des populations destinées a étre cultivées.

Mots-clés. Lolium perenne L. — ray-grass anglais — ADF — NDF — Protéine.
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| — Introduction

The aim of the plant breeder is to produce new cultivar, improved in one or more important char-
acteristics, in the most efficient manner possible. New phenotypes created by the plant breeder
are a function of changes in genotype associated with selection and the environmental conditions
under which the new cultivar will be utilized and which the breeder has replicated to the greatest
extent possible (Conaghan and Casler, 2011).

Perennial ryegrass also named English ryegrass (Lolium perenne L.) is a cool-season grass sown
over a wide area Europe. As a turf grass, it is especially adapted to the mild winter and cool moist
summer conditions prevailing in western and north-western Europe. In these conditions, perenni-
al ryegrass offers the most rapid turf establishment among cool-season turf grasses, and it pro-
vides the best wear tolerance and the best recovery after wear sequences (Sampaux et al., 2012).

The quality of the grass intake affects both animal production and nitrogen (N) utilization (Rearte,
2005). The neutral detergent fibre (NDF) and acid detergent fibre (ADF) are important parame-
ters of herbage quality as they affect dry matter intake and digestibility. Protein is an essential
nutrient, but the N mass fraction of temperate pasture grazed at an immature stage is usually
exceeding the animal requirements (Hoekstra et al., 2007).

The objectives of this study were to characterize perennial ryegrass (Lolium perenne L.) geno-
types collected from Yozgat's flora and to evaluate them regarding yield, quality and site adapta-
tion. The usage potentialities of these materials will be set up for improvement of turfgrass and
forage agriculture in the region.

Il — Material and methods

In this study, perennial ryegrass populations collected from 53 different locations in Yozgat/Tur-
kiye were used as material. The experiment was established in Yozgat-Turkey ecological condi-
tions. The soil at the experimental site taken 30 cm depth is classified as clay-loam with pH: 7.34,
low organic matter (1.82%), medium P,0 (24.28 ppm) and high K,O (807.08 ppm) contents.
Annual rainfall, average temperature and moisture are 330 mm, 11.8 °C and 54.8 %, respective-
ly in the experimental site. Lolium perenne seeds were collected from 53 different locations, and
in total 462 genotypes were studied. Seeds collected from each genotype were sown in viol in
October 2010. The seedlings in viol were planted at 50X50 cm in observation plots in March
2011. Before planting, the land was fertilizer with 10 kg N da™' and 10 kg P,05 da™'. N fertilizer
was applied both at the establishment year and the second year. The first year, plants were har-
vested not being allowed to produce seeds. Observations and measurement were taken in sec-
ond year. Investigated characters were plant height, main stem thickness, number of nodes, flag
leaf length and width, leaf ratio, dry weight per plant, crude protein ratio, ADF, NDF, P, K, Ca and
Mg. These measurements were applied on the basis of Tosun (1992), Sagsoz et al. (1996), Mut
(2003), and Tamkoc et al. (2009). To determine dry weight per plant, plant samples were dried at
60°C until constant weight. Dry weight was calculated through the values of green forage pro-
duction and dry-weight percentage. After cooling and weighing, the samples were ground to pass
through 1 mm screen for quality analyses. Crude protein (CP), Acid detergent fiber (ADF), Neu-
tral detergent fiber (NDF), Ca, P, Mg and K contents were determined by using Near Reflectance
Spectroscopy (NIRS, ‘Foss XDS’) with software package program ‘IC-0904FE’. The measure-
ments taken on each genotype were analyzed using SPSS 10.0 statistical software package pro-
gram; mean and coefficient of variation were calculated.
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Il — Results and discussion

Average plant height, main stem diameter and nodes number of the 462 ryegrass plants were
measured as 59.20 cm, 2.26 mm and 3.85, respectively. It is also noteworthy to mention that the
average of the flag leaf blade length and width of the samples were 14.33 cm and 2.66 mm. Re-
garding this characters, which is very important for yield and quality, high variation (25.62 and
28.74%, respectively) may give an alternative to select better samples for breeding.

Average dry weight per plant was determined as 72.85 g. The CV for this character, which is an
important character for hay yield, was 57.16% (Table 1). The aim of plant breeding is to successful-
ly select for the best genotypes leading to the development of improved cultivars. Genetic variation
within population is very high in this study, thus offering significant scope for genetic improvement.

Table 1. Definitions of statistical values and results obtained from the experiment

Features N Mean Minimum Maximum CV (%)
Plant height (cm) 462 59.20 46.19 71.17 16.59
Main stem diameter (mm) 462 2.26 1.09 6.67 19.85
Node number 462 3.85 2.00 5.00 16.13
Flag leaf blade length (cm) 462 14.33 5.50 35.00 25.62

Flag leaf blade width (mm) 462 2.66 1.00 5.00 28.74
Dry weight per plant (g) 462 72.85 4.21 285.86 57.16
Leaf ratio (%) 462 43.95 5.41 91.03 31.16
Crude protein (%) 462 15.19 8.64 17.95 13.11

Acid detergent fibre (%) 462 31.16 21.34 41.14 12.03
Notr detergent fibre (%) 462 60.76 45.13 70.41 8.55
Phosphorus (%) 462 0.42 0.32 0.52 6.71

Potassium (%) 462 4.18 2.65 5.34 8.99
Calcium (%) 462 0.29 0.02 0.69 35.27
Magnesium (%) 462 0.16 0.06 0.33 25.77

The average leaf ratio, crude protein, ADF, NDF, P, K, Ca and Mg figured out 43.95%, 15.19%,
31.16% and 60.76%, 0.42%, 4.18%, 0.29% and 0.16%, respectively (Table 1). These characters
are very important for hay quality. Digestibility is the most important selection criterion for improv-
ing the nutritional value of grasses (Conaghan and Casler, 2011). The variation for these char-
acters in our study is very high. It is the notion among the breeders that the high level of genet-
ic diversity in a gene pool contributes to variation, demonstrating the significance of selection
(Acar et al., 2010).

Previous studies showed the similar variation among the examined characters on perennial rye-
grass samples (Elgersma, 1990; Tamkoc et al., 2009; Acar et al., 2010; Hammond et al., 2011;
Sampaux et al., 2012; Sun et al., 2012).

IV — Conclusions

The study highlighted the existence of variability between the populations. The investigated fea-
tures in this study must be repeated one more year, and then in the light of the two year data,
selection will be made for turf grass and forage cultivation.
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combined with a heat wave
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A. Morvan-Bertrand? and C. Picon-Cochard?

1INRA, UMR1213 Herbivores, F-63122 Saint-Genés Champanelle (France)
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3INRA, UR874, Grassland Ecosystem Research, 5 chemin de Beaulieu
F-63100 Clermont-Ferrand (France)
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Abstract. An experiment was conducted to predict the response of an upland permanent grassland to future
climate change including a summer extreme event. Treatments combined current and future atmospheric
CO, concentrations (380 and 520 ppm, respectively) with or without an extreme event consisting of a two-
week heat wave (+6°C) associated with severe drought during the three summer months, followed by a re-
covery period in autumn. During the experiment, air temperature was regulated 2°C above the current tem-
perature for all four treatments. Forage quality was measured four times: once in spring the year before the
extreme climatic event, twice in spring just before the extreme event, and once in autumn when plants have
been rehydrated after the event. Elevated CO, resulted in a decrease in plant nitrogen (N) and cell wall con-
tents (NDF), while the extreme event increased N and decreased NDF. Changes in plant chemical composi-
tion impacted rumen fermentation as the extreme event consistently increased in vitro dry matter digestibili-
ty. Extreme climatic events may thus be most likely to modify plant tissue chemistry and improve forage qual-
ity than changes in atmospheric CO, concentration.

Keywords. Climate change — Grassland — Forage quality — In vitro rumen fermentation.

Changements de la qualité fourragéere d’une prairie permanente de moyenne montagne sous I’effet
du changement climatique incluant une sécheresse estivale extréme combinée a une canicule

Résumé. Une expérimentation a été conduite pour évaluer la réponse d’une prairie permanente de moyen-
ne montagne au changement climatique avec ou sans évéenement extréme. Quatre traitements ont été appli-
qués : deux niveaux de concentrations de CO, atmosphérique (actuelle et future, soit 380 et 520 ppm, res-
pectivement) avec ou sans un événement extréme estival consistant en une vague de chaleur de deux
semaines (+ 6°C) associée a une sécheresse sévere de trois mois, suivie d’une période de récupération en
automne. Pour tous les traitements, la température était régulée 2°C au-dessus de la température actuelle.
La qualité du fourrage a été mesurée quatre fois : une fois au printemps I'année précédant I'’évenement extré-
me, deux fois au printemps juste avant 'évenement, et une fois en automne apres réhydratation des plantes.
L’augmentation de la concentration en CO, atmosphérique a diminué la teneur en azote et en constituants
pariétaux (NDF) des plantes, tandis que I'’évenement extréme augmentait la teneur en azote du couvert et
diminuait sa teneur en NDF. Ces modifications de composition chimique ont impacté les fermentations rumi-
nales in vitro avec une augmentation de la digestibilité de la matiere seche en réponse a I'’événement extré-
me. Ces résultats suggeérent que les évenements extrémes pourraient avoir plus d’effet que la concentration
de CO, atmosphérique sur la valeur des fourrages.

Mots-clés. Changement climatique — Prairie — Qualité fourragére — Fermentation ruminale in vitro.
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| — Introduction

There is increasing evidence that climate change due to human activities is expected to result in
warmer temperatures, elevated atmospheric CO,, changes of rainfall patterns, and increased fre-
quency of extreme climatic events (Seneviratne et al., 2012). The botanical and ecophysiologi-
cal changes in plants in response to climate change can affect the chemical composition of for-
ages and their digestive use by domestic herbivores.

The objective of this study was to measure changes in forage chemical composition and in vitro
rumen fermentation parameters when an upland grassland was exposed to elevated atmospheric
CO, concentration combined with a summer extreme event in semi-controlled conditions.

Il — Materials and methods

In May 2010, monoliths of a permanent grassland were extracted from a site located at Saint
Genés-Champanelle in the upland area of central France (45°43’N, 03°01°E, 800 m a.s.l.) and
transferred into the Ecotron (Montferrier-sur-Lez, 43°40’'N, 03°52’E, 90 m a.s.l., France), a large
infrastructure dedicated to the simulation of climatic changes. Twelve macrocosms were allocat-
ed to four treatments: current and 2050-atmospheric CO, concentrations, 380 and 520 ppm,
respectively, combined with an extreme event consisting of a two-week heat wave (+6°C) asso-
ciated with a severe drought during the three summer months of 2011 (including two weeks of
water withheld). After the extreme event, plants were rehydrated to assess their recovery in
autumn. In all treatments, air temperature of the macrocosms was regulated 2°C above the cur-
rent temperature of the upland site.

Samples were collected four times to assess the forage quality: once in May 2010, just before
monoliths entered into the macrocosms, in April 2011 and June 2011 just before the extreme event,
and once in November 2011 when plants have been rehydrated after the event. Representative
samples of plants were taken in each macrocosm, and subsamples were either oven-dried at 60°C
for 72h or freeze dried. Nitrogen (N), Neutral Detergent Fiber (NDF), total water-soluble carbohy-
drates (WSC), as well as glucose, sucrose, fructose and fructans of forage were analysed. To
assess the digestive use of forage by ruminants, an in vitro rumen fermentation assay was carried
out. Freeze-dried plants were ground to pass through a 1 mm sieve and incubated in anaerobic
conditions at 39°C during 24h in culture bottles containing 40 mL of buffered rumen juice from
sheep (Niderkorn et al., 2011). At the end of the incubation period, acidification (dpH), total gas pro-
duction and composition including methane (CH,), in vitro dry matter digestibility (IVDMD) and con-
centration of volatile fatty acids (VFA) were measured. Values were adjusted by subtracting at each
collection point the values from blanks without plant substrate.

Data were submitted to analysis of variance using the mixed procedure of the SAS software pack-
age (version 9, SAS Institute Inc., Cary, NC, USA) with CO,, extreme event and sampling date as
fixed effects, and the macrocosm considered as random effect. Data from the first sampling date
in May 2010 were used as a covariate, and the first order autoregressive covariate structure was
used for the repeated term. All non-significant interactions were removed from the model.

lll - Results and discussion

Increasing atmospheric CO, concentration decreased forage N content by 13% (P<0.001) and
its NDF content by 3% (P<0.05) (Tables 1 and 2). The change in availability of N under elevated
CO, has been well documented (Reich et al., 2006; Wang et al., 2012). The reduction of plant
cell wall content was consistent with results obtained by Picon-Cochard et al. (2004) when an
upland community was subjected to an atmospheric CO, enrichment owing to the Mini-FACE
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system. However, the amplitude of CO,, effect on NDF content remained generally small (Dumont
et al., 2014). This could explain that no impact of elevated CO, was observed on the extent of in
vitro rumen fermentation, excepted for acidification which increased (P<0.05), likely due to a
lower ammonia production in response to the lower N content (Tables 3 and 4). Contrary to ex-
pectation, we did not observe any increase in WSC content induced by elevated CO, (Wang et
al., 2012). However, air warming may reduce carbohydrate content, thus counterbalancing posi-
tive effect of elevated CO, on WSC (Casella and Soussana, 1997). In addition, WSC may be
subjected to particularly high variability due to time of harvest, speed of sample conditioning, and
analytical methods in the different studies (Dumont et al., 2014).

Table 1. Chemical composition (g/kg dry matter) of forage community subjected to two CO, concen-
trations (380 and 520 ppm) with or without extreme event

Sampling 2 (April) Sampling 3 (June) Sampling 4 (November)
Control Extreme SEM
CO, (ppm) 380 520 380 520 380 520 380 520
N 23.1 20.5 18.2 16.6 17.7 14.4 27.6 21.6 0.83
NDF 515 514 586 569 550 546 533 490 11.7
WSC 263 236 187 192 147 194 166 195 21.3
Glucose 19.8 17.4 20.3 16.9 10.1 7.7 11.1 10.7 1.76
Sucrose 39.7 40.1 29.4 30.5 17.7 20.1 24.0 27.4 3.34
Fructose 217 18.5 20.6 17.9 12.8 12.6 15.4 16.6 1.91
Fructans 182 160 117 127 105 155 117 139 17.9

N: nitrogen, NDF: neutral detergent fiber, WSC: water-soluble carbohydrates, SEM: standard error of the mean.

Table 2. Effect of fixed effects on chemical composition parameters of forage community subjected
to two CO, concentrations (380 and 520 ppm) with or without extreme event

Effect CO, effect Ext Sampling CO, x CO, x Ext x CO, x ext x
effect effect ext effect sampling sampling sampling
effect effect effect

N ***(380>520) *** (E>C) ***(2,4>3) NS NS e NS

NDF *(380>520) *(C>E) ***(3>24) NS NS NS NS

WSC NS NS ***(2>3,4) NS NS NS NS
Glucose * (380>520) NS ***(2,3>4) NS NS NS NS
Sucrose NS NS **(2>3>4) NS NS NS NS
Fructose NS NS ***(2,3>4) NS NS NS NS
Fructans NS NS ***(2>3,4) NS NS NS NS

N: nitrogen, NDF: neutral detergent fiber, WSC: water-soluble carbohydrates, E or ext: extreme, C: control.
* P<0.05, ** P<0.01, *** P<0.001, NS : non significant.

The application of the extreme event in summer resulted in an increase in forage N content by
35% (P<0.001) and a decrease in NDF content by 7% (P<0.05) for sampling date 4 (Tables 1
and 2). Consistently, it led to an increase in IVDMD by 8% (P<0.05) (Tables 3 and 4) as plants
contained more digestible tissues. In terms of herbivore nutrition, more digestible plants have a
better energetic value.
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Table 3. In vitro rumen fermentation parameters of forage community subjected to two CO, concen-
trations (380 and 520 ppm) with or without extreme event

Sampling 2 (April) Sampling 3 (June) Sampling 4 (November)

Control Extreme SEM

CO, (ppm) 380 520 380 520 380 520 380 520
N 23.1 20.5 18.2 16.6 17.7 14.4 276 216 0.83
NAcidification (dpH) 0.91 0.95 0.83 0.84 0.70 0.77 0.66 0.72 0.023
IVDMD (%) 60.3 58.3 52.7 51.5 51.7 51.5 540 57.9 1.07
Total VFA (mmol/g DM) 122 126 114 113 108 111 110 116 3.0
C2:C3 (mol/mol) 2.70 2.79 2.82 2.89 2.96 2.91 283 276 0.052
Total gas (mmol/g DM) 7.12 710 6.48 6.37 6.1 6.06 6.29 6.47 0.159
CH, 1.26 1.25 1.12 1.10 1.08 1.06 1.14 1.12 0.030
co, 5.87 5.82 5.32 5.27 5.04 5.02 516 5.35 0.120

CO,.CH, (mol/mol) 4.66 4.67 4.79 4.82 4.69 4.74 454 480 0.083

IVDMD: in vitro dry matter digestibility, VFA: volatile fatty acids, C2: acetate, C3: propionate.

Table 4. Effect of fixed effects on in vitro rumen fermentation parameters of forage community sub-
jected to two CO, concentrations (380 and 520 ppm) with or without extreme event

Effect CO, effect Ext Sampling CO, x CO, x Ext x CO, x ext x
effect effect ext effect sampling sampling sampling
effect effect effect
Acidification *(520>380) NS **E(2>3>4) NS NS NS NS
IVDMD NS *(E>C) ***(2>3,4) NS * * NS
Total VFA NS NS ***(2>3,4) NS NS NS NS
C2:.C3 NS NS ** (4,3>2) NS NS > NS
Total gas NS NS **(2>3,4) NS NS NS NS
CH, NS NS ***(2>3,4) NS NS NS NS
CO, NS NS ***(2>3,4) NS NS NS NS
CO,.CH, NS NS NS NS NS NS NS

IVDMD: in vitro dry matter digestibility, VFA: volatile fatty acids, C2: acetate, C3: propionate, E or ext: extreme,
C: control. *: P<0.05, **: P<0.01, ***: P<0.001, NS: non-significant.

Strong effects of sampling date were detected on all parameters of both chemical composition
and in vitro rumen fermentation, except for the CO,:CH, ratio in fermentation gas. Overall, for-
ages harvested in April were richer in rapidly fermentable substrates than forages harvested in
June and November, which can be explained by changes in plant phenological stage.

IV — Conclusions

Our results suggest that forage quality of an upland grassland may be impacted by future climate
change in different ways. While elevated CO, combined with warming decreased both N and fi-
ber contents in plants without leading to an effect on forage digestibility, extreme summer drought
increased plant content in digestible tissues after their recovery. Extreme climatic events may
thus be most likely to modify plant tissue chemistry and improve forage quality than changes in
atmospheric CO, concentration.
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Effect of grass height and species on nutritive
value of winter stockpiled forage
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Abstract. The necessity of reconciling control of production costs, improvement of food autonomy and work
efficiency on livestock farms generates new questions today. An answer to this issue seems to be a better
valuation of grass by increasing the share of grazing in the ration. The implementation of this practice requi-
res the knowledge of grassland evolution along winter in terms of quality and quantity. To answer this issue,
two forage collections have been established in two sites with different soil and climatic conditions in France.
Two levels of stockpiling were studied on five grass covers (Lolium perenne, Dactylis glomerata, Festuca ru-
bra, F. arundinacea, permanent grassland). Biomass and nutritional values were studied over winters of
2010/2011 and 2011/2012. An effect of grass species and height at the beginning of winter can be observed
on dry-matter yield and pepsin-cellulase dry-matter digestibility. L. perenne and F. rubra maintain good nutri-
tional values along winter but the accumulation is limited as compared to D. glomerata. A good compromise
is obtained with F. arundinacea. Stockpiling with a younger grass allows to maintain correct nutritional values
at the end of winter.

Keywords. Grassland — Winter — Nutritional values — Stockpiling.

Effets de la hauteur et de I’espéce végétale sur la valeur nutritive de I’herbe en hiver

Résumé. La nécessité de concilier maitrise des colits de production, amélioration de I'autonomie alimentai-
re et efficacité du travail sur des exploitations d’élevage génere aujourd’hui de nouveaux questionnements.
Une réponse a cette problématique semble étre une meilleure valorisation de I'’herbe en augmentant la part
du péturage dans la ration. La mise en ceuvre de cette pratique et son insertion dans un systéme de pro-
duction nécessite de connaitre I'évolution de la prairie au cours de I'hiver, en valeur et en quantité. Pour y
répondre, deux collections fourrageres ont été mises en place dans des contextes climatiques différents en
France. Deux niveaux de stock d’herbe en début d’hiver ont été étudiés sur cinqg types de couverts végétaux
(ray grass, dactyle, fétuque élevée, fétuque rouge, prairie permanente). L’évolution de la biomasse et des
valeurs nutritives a été étudiée sur deux hivers : 2010/2011 et 2011/2012. Des effets « espece » et « hau-
teur » ont pu étre observés sur la digestibilité a la pepsine cellulase. Lolium perenne et Festuca rubra main-
tiennent de bonnes valeurs nutritives tout au long des hivers mais I'accumulation de biomasse reste limitée
contrairement au dactyle. Festuca arundinacea semble étre une espéce qui offre un bon compromis entre
valeur nutritive et accumulation. Des stocks sur pied avec une herbe plus jeune ont permis de garder des
valeurs nutritives correctes a la fin de l'hiver.

Mots-clés. Prairie — Hiver — Valeurs nutritives — Stock sur pied.

| — Introduction

The increase of suckling cow herd size, the necessity of reducing the feeding costs, and the
improvement of the work efficiency raise the problem of practices simplification. Many studies
focus on outdoor wintering either with daily hay or silage feeding (Pottier et al., 2001) or with an
extended grazing season (D’Hour et al., 2000). Can stockpiled forage grass be an alternative to
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animals during the winter season that could extend the grazing season? And can this technique
decrease the area of harvested surfaces and quantities resulting in winter work simplification?
This practice is not yet common in France but it has been used in North America for several years
during winter and summer (Taylor and Templeton, 1976; Baron et al., 2005). An experiment on
stockpiled forage grass utilization by grazing animals carried out at Laqueuille, France (1000 m
a.s.l.) over two winters (Note et al., 2010) showed a mitigated fodder balance depending on cli-
matic conditions. In order to optimize this practice, questions regarding the evolution of green
grass quality and quantity (which are dependent on botanical composition of the grassland and
climatic conditions) in winter season need to be answered. At the beginning of winter grazing,
what grass height would enable a better utilization and enhancement of the grass? In summary,
the goal is to study the behaviour of different grass species during winter in terms of quantity and
quality according to the level of stockpiled forage.

Il — Materials and methods

The study was carried out on two sites with different soil and climatic conditions in France: (i)
Mourier (45°39'N, 01°17’E, 360 m a.s.l. — continental with oceanic influence — mean temperature
4.4°C and mean rainfall of 245 mm during the two studied winters from November to March, with
12 days of snow in February 2012); and (ii) Laqueuille (45°38'N, 02°44’E, 1000 m a.s.l. — moun-
tain conditions — mean temperature 1,9°C and mean rainfall 339 mm — 35 days of snow between
November 2010 and January 2011, 8 and 33 days of snow in December 2011, and between
February and March 2012 respectively).

Two forage collections with the same design were implanted in May 2008 at Laqueuille and in
October 2009 at Mourier. On three blocks (repetitions), we studied two factors with a randomized
design: grass species and grass heights obtained in winter. Four commercial grassland species
monocultures were studied on 9 m? plots: Lolium perenne (LP), Dactylis glomerata (DA), Festuca
rubra (FR), and F. arundinacea (FA). The Laqueuille site comprised a supplemental variant known
as the local permanent grassland. At the beginning of both winters 2010/2011 and 2011/2012,
two levels of stockpiled forage were constituted at each site: high (H) and medium (M) grass
height at Laqueuille and medium (M) and low (L) grass height at Mourier. Stockpile initiation
dates were: at Laqueuille, June 22 and July 29, 2010 and June 28 and August 2, 2011; at Mou-
rier, July 16 and Septemer 20, 2010 and May 25 and September 14, 2011. Both experiments
received a non-limiting N-P-K fertilisation.

The fresh harvested biomass was collected once a month from September/October to March
then dried at 60°C for 72 h and weighed to calculate the DM yield of each plot (g DM m) at each
date. 744 samples were collected for DM yield at all cutting dates. These samples were ground
using a 1 mm screen-mill. Each sample was analysed using near-infrared reflectance spectros-
copy (NIRS) to determine its nutritive value. The calibration set was analysed, among other things,
for pepsin-cellulase DM digestibility (Aufrére and Demarquilly, 1989). The statistical parameters
of the calibration models obtained for pepsin-cellulase DM digestibility of the grass were: num-
ber of samples, 269; ranges, 20.7-90.4%; standard errors of cross-validation, 2.52%. The RZ of
cross-validation was 0.98.

A Shapiro-Wilk test was performed on residuals of studied model using R software. It showed
that our data were not normally distributed. As a consequence, two non-parametric tests using R
software were performed: a Wilcoxon test for linked data within each site (same date, block, site,
specie or height modality) and a Mann-Whitney test in order to compare data between sites.
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Il — Results and discussion

On both winters, we observed a gradient of grass height and accumulation between sites which
is coherent with our objectives (Fig. 1). In winter 2011/2012, the levels of biomass accumulation
were clearly less important on Laqueuille because of a proliferation of voles which reduced by
half the stock compared with winter 2010/2011. With the same stockpile initiation dates, we
noticed that grass species showed different capacity of accumulation: Dactylis glomerata and
Festuca arundinacea presented a stock approximately twice as large as other covers.

DM yield DM yield
Y November 2010 Grass height yl ] November 2011 Grass height
%0 ¢ (GDM.m?) ) 1¢[o0, (9DM.m’2) ' 18
B High o ueuille * (cm) CIMedium i (cm)
800 1 = Medium + 16800 (- Low a ourier 16
700 1 .
600 1
500
400 8
300 6
200 4
100 1 2
0 r0
DA(a) FA(ab) FR(bd) LP(c) PG(d)' DA (a) FA(b) FR(cd) LP(d)® PG (abc)™®

Species with the same letter are not significantly different (Wilcoxon test, p<0.05)
" PG is just compared with other cover at Laqueuille
2 On winter 2011/2012, LPis just compared with other cover at Mourier because of its disappearance at Laqueuille this winter

Fig. 1. Grass availability at the beginning of two winters in November at Laqueuille and Mourier (his-
togramm = DM yield, point = grass height).

The percentage of biomass disappearance during winter due to natural plant mortality (no graz-
ing on forage collection) was calculated (Table 1). This variable was not studied on the second
winter because of rodent impact. Depending on sites, we noticed a different relation between the
modalities of grass height. At Mourier, low modality presented a low rate of disappearance and
even a growth for Festuca rubra (p<0.05), whereas at Laqueuille, high modality seemed to be
more “conservative” (p<0.01). Climate seemed to play an important role: under more frigid cli-
mate (e.g. Laqueuille), unlike short grass, important biomass would tend to protect grass from
degradation. But under more moderated climates (Mourier), the grass age seemed to be the
main factor of degradation. At Laqueuille, Lolium perenne distinguished itself from Festuca rubra
and Dactylis glomerata (p<0,05). At Mourier, Festuca rubra distinguished itself from other species
(p<0.05) but not from Lolium perenne.

Table 1. Average percentage of biomass disappearance on winter 2010/2011 on two
sites (= [November biomass — February biomass]*100 / November biomass)

Site Grass height DA FA FR LP PG
Laqueuille High 58.7 62.4 54.4 73.6 46.6
Medium 65.7 751 80.1 100.0 97.3
Mourier Medium 56.1 69.9 -38.8 27.9 -
Low 37.2 4.2 -27.7 225 -
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The lowest grass heights presented the highest pepsin-cellulase DM digestibility along winter: on
average +9% at Laqueuille and +14% at Mourier (Wilcoxon test with same cut date, species and
block: p<0.01). The same relation was found in November (the beginning of winter) and February
(the end of winter) (Tables 2 and 3). Between November and February, digestibility decreased as
expected (Tables 2 and 3) by 10% on average, but the evolution of digestibility was not statistically
significant depending on height modalities. Between sites during both winters (Mann-Whitney test,
p<0.01), the low height at Mourier presented the highest digestibility (mean: 67%) as compared to
the medium height at Mourier, which showed 53% against 46% for the medium height at Laqueuiille.

Along the winter on both sites, the species could be ranked as follows according to digestibility
(Wilcoxon test with same cut date, height modality and block: p <0.05): Lolium perenne > Festuca
rubra > Festuca arundinacea > permanent grassland> Dactylis glomerata. But at the end of win-
ter, Lolium perenne and Festuca rubra didn’'t show any difference and the permanent grassland
was not different from Dactylis glomerata and Festuca arundinacea (Table 2).

Table 2. Means of pepsin-cellulase dry-matter digestibility for five grass covers at Laqueuille and at Mou-
rier at the beginning (November), middle (January) and end (February/March) of each winter

Grass height High Medium

Species DA FA FR LP PG Means DA FA FR LP PG Means Means
Laqueuille (2010/2011)

Nov. 315 46.6 440 380 371 395 443 579 560 574 481 527  46.1
Jan. 246 293 32.8 278 264 282 336 340 395 37.8 309 352 317
Feb. 233 293 356 283 254 284 269 340 377 - 242 320 2938
(2011/2012)

Nov. 352 460 586 687 475 49.9 496 576 613 693 440 563 533
Jan. 256 325 475 598 347 386 351 418 507 574 476 456 420
Mar.t 248 403 516 - 324 360 407 449 526 597 410 463 414
Means 27.5 37.3 44.6 415 339 36.6 384 450 496 556 40.7 454  40.9
Mourier (2010/2011)

Nov. 555 459 587 600 - 550 589 662 616 718 - 647 598
Jan. 495 441 651 690 - 569 617 632 692 735 - 669  61.9
Feb. 457 450 655 704 - 567 548 661 691 742 - 653  60.8
(2011/2012)

Nov. 460 547 619 623 - 562 765 748 696 767 - 744 653
Jan. 300 360 544 667 - 468 627 598 650 686 - 640 554
Feb. 263 299 491 - - 351 538 572 608 741 —  59.0  47.7
Means 422 426 591 657 - 518 614 645 659 730 - 659 589

T No measures in February 2012 at Laqueuille because of snow cover for the whole period.

IV — Conclusions

Stockpiling a younger grass allows to maintain correct nutritional values at the end of winter. It is
thus necessary to have a low stocking rate (around 10 cm of grass height at the beginning of win-
ter, but it depends on species) on large area to offer cattle or sheep a good grass quality over the
winter period. Some species as Festuca arundinacea or Festuca rubra seem to be a good com-
promise between nutritional values and biomass accumulation.
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Setaria pumila (Poir.) Roem. e Schult affects
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Abstract. Meadows and pastures are increasingly threatened by invasive grasses (especially Setaria pumi-
la (Poir.) Roem. e Schult) as a consequence of human actions and climate change. In the surveys performed
by Agridea (PRAMIG project) in Canton Ticino (CH) an anomalous production peak was observed on lowland
pastures during summer. In 2012 a study was carried out to better understand the phenomenon. We meas-
ured: (i) biomass; (ii) botanical composition; and (iii) chemical composition. To test the hypothesis that S.
pumila development during summer is related to specific climate conditions, meteorological data (tempera-
ture, precipitation) were collected. We assessed the relative effect of climatic variables and of S. pumila com-
petition by Generalized Linear Mixed Model (GLMM). We found that S. pumila abundance is inversely corre-
lated with rainfall and with the presence of other species, and it is positively correlated with temperature in-
crease. The summer peak of the seasonal growth curve could be attributed to S. pumila, when other species
are less competitive because of drought conditions. Beside the high S. pumila biomass production a reduc-
tion of forage quality was observed.

Keywords. Setaria pumila (Poir.) — Generalized Linear Mixed Model — Meadows — Forage quality — Drought.

Setaria sp. affecte la composition botanique des prairies et la valeur nutritive du fourrage

Résumé. Les prairies et les paturages sont de plus en plus menacés par des especes envahissantes (surtout
Setaria pumila (Poir.) Roem. e Schulf) comme une conséquence des actions humaines et des changements cli-
matiques. Dans les relevés réalisés par Agridea (projet PRAMIG) dans le canton du Tessin (Suisse), un pic de
production anormal a été observé en été sur les paturages de plaine. En 2012, une étude a été réalisée pour
comprendre ce phénomeéne. On a mesuré: (i) la biomasse; (ii) la composition botanique; (iii) la composition chi-
mique des prairies. Pour tester 'hypotheése que S. pumila se développe pendant I'été en lien avec les conditions
climatiques, des données de température et de précipitations ont été collectées. On a évalué I'effet des variables
climatiques sur la présence de S. pumila avec un Modele Mixte Linéaire Généralisé (MMLG). On a constaté que
S. pumila est inversement corrélée a la pluviométrie et a la présence d’autres especes, mais qu’elle est positi-
vement corrélée avec l'augmentation de la température. Le pic d'été de la courbe de croissance est attribué a S.
pumila, quand d’autres espéeces sont moins compétitives en raison de la sécheresse. La grande production de
biomasse de S. pumila était en revanche accompagnée d’une réduction de la qualité de fourrage.

Mots-clés. Setaria pumila (Poir.) — Generalized Linear Mixed Model — Prairies — Qualité de fourrage —
Sécheresse.
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| — Introduction

In the last decades grassland are increasingly threatened by C4 summer-grass weeds as a con-
sequence of human action and climate change (Tozer et al. 2008). In the Southern side of the
Alps a rapid increase of Setaria pumila (Poir.) Roem. e Schult. was observed in terms of pres-
ence and biomass.

The interest of ecologists and experts in the biological invasion of these herbaceous species has
recently incremented with the aim of gaining further insight on patterns of invasion and mecha-
nisms driving them along the elevation gradient (Alexander et al. 2011). In the summer period,
characterized by increasing temperature, high light intensity, and drought, the more efficient car-
bon fixation by C4 plants would provide competitive advantages over the less efficient C3 ones,
with consequences on botanical composition and probably also on forage nutrient value. For an
adequate conservation of natural forage resources, so important for pastoral activities in the plain
and at the bottom of valleys, it is necessary to implement the knowledge about the phenomenon
of invasion of meadows and pastures by summer grass weeds.

Il — Materials and methods

The study was conducted between May 2012 and December 2012 in Canton Ticino (Italian
Switzerland), on the Southern side of Alps, at two different sites: Cadenazzo (203 m a.s.l.), in the
plain of Ticino river, and Semione (370 m a.s.l.), at the bottom of the Blenio Valley.

In summer and autumn 2012, surveys were carried out, to assess the biomass and the forage
production, with a modified Corral Fenlon method (Corral and Fenlon, 1978) revised as regard
the number of plots (two instead of four) and as regard the time interval between two cuts (14
days instead of one week), in three different parcels: two located in Cadenazzo (hereinafter
referred to as Cad. meteo and Cad. stallone) and one in Semione. At each site the experimental
design consisted in two plots of 6.6 m2 (6 m X 1.10 m) mowed alternatively every 14 days, from
mid-April until mid-October. Beside biomass forage production, the botanical composition was
also identified in the plot before each mowing, according to linear point quadrat method (Daget
and Poissonet, 1969) along a transect of 6 m, 25 intercept were collected. Moreover 53 mown
grass samples were collected to verify the nutrient variation along growing season analysing the
grassland nutritive value, expressed in NEL (Net Energy for Lactation) with a NIRs instrument.

To test the hypothesis that S. pumila development during summer is related to specific climate
conditions, meteorological data (temperature, precipitation, and evapotranspiration) were col-
lected at the end of the 2012 from two stations nearby the study sites, one located in Cadenazzo
and one in Malvaglia, near Semione.

With the aim of quantifying the amount of S. pumila. in terms of production, the total biomass was
divided into S. pumila and other species, considering S. pumila specific contribution (CS%), cal-
culated for each botanical survey, multiplied to the biomass measured in the plot. To analyse the
effects of climate and the presence of the other species on the abundance of S. pumila in terms
of biomass, we chose a Generalized Linear Mixed Model (GLMM) with temperature, precipitation
and other species biomass as independent variables. Thermal time (Tt, °C*day), Total precipita-
tions (TP, mm*day) and Evapotranspiration (ET, mm*day) were calculated for each time interval
between two cuts, from the beginning of the growing season. Evapotranspiration was excluded
from the analysis because of its correlation to thermal time. In the model a gamma distribution
was specified for the continuous dependent variable S. pumila abundance, as normality assump-
tion was not met (normality tested with Kolmogorov-Smirnoff test).
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GLMM was preferred to GLM to check, in addition, for non-independence of each survey value
given by the location of the plot (the site), considered in the model as normally distributed ran-
dom factor. Analyses were performed with R software, version 2.15.3 (R Foundation for Statisti-
cal Computing, 2013) with the “gimmADMB” package (SVN revision 231).

Ill — Results and discussion

Examining data on forage production during the growing season an anomalous production peak
was observed in summer 2012, especially in Cadenazzo (Fig. 1), when the growth should be lo-
wer than in spring.
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Fig. 1. Total biomass and Setaria’s growth curve in the parcel Cad. meteo in summer 2012.

In the study sites the abundance of S. pumila was thoroughly quantified by botanical surveys. They
show the evolution of the botanical composition in the plots during the growing season. The max-
imum presence of S. pumila, expressed in percentage on total botanical composition (46% in Cad.
meteo, 44% in Cad. stallone, 24% in Semione), occurred in all plots at the beginning of August, in
correspondence of the summer production peak of the seasonal growth curve (97 kg DM*ha™1*d""
for Cad. meteo, 103 kg DM*ha *d"! for Cad. stallone, 71 kg DM*ha'*d"! for Semione).

Table 1. GLMM summary with S. pumila abundance related to other species biomass, thermal time
and total precipitation

GLMM parameters Estimate p value Std. error Signif.t
Intercept 5.201 < 2e16 0.136 b
Biomass (kg DM) -0.802 4.08°05 0.195 ek
Thermal time (°C*day) 2.060 5.9e-16 0.255 ok
Total precipitations (mm*day) -0.592 0.0014 0.185 >

> P<0.001, **P<0.01, *P<0.05, .P<0.1.
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The GLMM results showed that the abundance of S. pumila was inversely correlated with rainfall
and with the presence of other species, but it was positively correlated with temperature increase.
Beside the high S. pumila biomass production, a reduction in forage quality was observed. In fact,
in correspondence of the maximum quantity of C4 plants the net energy for lactation (NEL, MJ/kg
DM) decreased considerably (Fig. 2).
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Fig. 2. Grass energy content (NEL — Net Energy for Lactation) during the growing season.

IV — Conclusions

Results show a correspondence between S. pumila presence and the summer production peak
of the seasonal growth curve. This species is probably more competitive because of climate con-
ditions than other species with regard to drought and to high temperatures, thanks to its C4 car-
bon fixation cycle. Thus, during S. pumila increase we could observe an increase of the sward
biomass, which, however, corresponded to a strong reduction of the nutritive value.

The result of this research raises the concern about upward spread of invasive plants, conse-
quence of climate warming and human pressure in mountain systems. Monitoring existing pop-
ulation is important but preventing the introduction of pre-adapted species is a more urgent goal.
Special attention should be given to herbaceous species (as Setaria sp.) which can flower over
a short time period and later in the season (Barni et al. 2012). The results allow the adaptation
of the grassland management to limit Setaria sp. development in meadows and pastures, to
enhance competition of desirable pastures species (Tozer et al. 2008).
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Abstract. Legume trees and shrubs are valuable feed sources for small ruminants although their antiquality
factors. The aim of the present study was to investigate differences in total phenols (TPH), total tannins (TT)
and condensed tannins (CT) content in leaves and stems of three legume ligneous species (Amorpha fruti-
cosa, Robinia pseudoacacia and Colutea arborescens) at two different stages of maturity: (i) during the sea-
son of rapid growth (May) when the leaves were young, and (ii) in September (mature) when growth had ceased
and the woody parts had been hardened. Samples were analysed for their TPH, TT and CT content. According
to the results, R. pseudoacacia had significantly higher content of TPH, TT, CT in leaves in May, compared to the
other two species. Inversely, A. fruticosa had significantly higher TPH and TT content in the stems, while C. arbo-
rescens had the lowest one in both leaves and stems for the same period. In September, there was no signifi-
cant difference in the content of TPH and TT in the leaves among species, except for C. arborescens which had
significantly lower concentration. From the tested species, C. arborescens had the lowest content of all extrac-
table polyphenols, without significant differences to leaves and stems in May and September respectively.

Keywords. Condensed tannins — Phenological stage — Leaves — Phenols — Forage quality.

Impact de la maturité sur les polyphénols extractibles chez les espéces de légumineuses arbores-
centes

Résumeé. Les légumineuses arborescentes ou arbustives sont une source d’alimentation précieuse pour les
petits ruminants, malgré certains facteurs antinutritionnels. Le but de cette étude était d’étudier les diffé-
rences de concentrations en phénols totaux (TPH), tanins totaux (TT) et tanins condensés (CT) dans les
feuilles et les tiges de trois especes ligneuses de légumineuses a différents stades de maturité: Amorpha fru-
ticosa, Robinia pseudoacacia et Colutea arborescens. Trois plantes de chaque espéce ont été sélectionnées
au hasard a deux périodes distinctes (stades de maturité) : jeunes feuilles pendant la saison de croissance
rapide (Mai) et début Septembre (maturité) alors que la croissance avait cessé et les parties ligneuses
avaient durci. Les échantillons ont été analysés pour leurs teneurs en TPH, TT et CT. Selon les résultats, R.
pseudoacacia avait des teneurs significativement plus élevées en TPH, TT, TC dans les feuilles en Mai, par
rapport aux deux autres especes. Inversement, A. fruticosa avait des teneurs nettement plus élevées de TPH
et TT dans les tiges, tandis que C. arborescens avait la teneur la plus faible a la fois dans les feuilles et les
tiges a cette méme période. En Septembre, il n’y avait pas de différence significative des teneurs en TPH et
TT dans des feuilles de R. pseudoacacia et A. fruticosa, a /a différence de C. arborescens qui avait des con-
centrations significativement plus faibles. Des espéces testées, C. arborescens avait les teneurs les plus fai-
bles en polyphénols extractibles, en Mai comme en Septembre et quel que soit la partie de la plante.

Mots-clés. Tanins condensés — Stade phénologique — Feuilles — Phénols — Qualité du fourrage.
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| — Introduction

Browse species can provide green forage for grazing animals throughout the year (evergreen
species) or during critical periods (deciduous ones) (Kokten et al., 2012). Despite their potential
use as feed resources for ruminants and wild animals, most ligneous species contain anti-nutri-
tive components such as phenolic compounds and especially tannins (Sallam et al., 2010). Due
to their nature and depending on their concentration, tannins have differential effects (Rana et
al., 2006) on animals ranging from beneficial to toxicity and even death (Makkar, 2003a).

Leaves contain more than 40% of the total nitrogen contained in a woody species (Kramer and
Kozlowski, 1979) and their nutritive value is higher than the stems (Cordesse et al., 1991). Ho-
wever, the intake of leaves from ligneous species by herbivores is often restricted by defending
or deterring mechanisms related to high tannin content (Provenza, 1995). Maturity stage, leaf
age and season (Rogler and Sell, 1984; Schultz et al., 1982), are some of the factors affecting
the concentration of tannins.

The objective of this research was to investigate the impact of maturity stage in the concentra-
tion of phenols, tannins, and condensed tannins separately in leaves and stems of three ligneous
species.

Il — Materials and methods

The experiment was carried out at the Aristotle University’s farm (40° 34’ E, 23° 43’ N, at sea
level) in northern Greece. The climate of the area could be characterized as Mediterranean semi-
arid with cold winters. The mean annual temperature and precipitation are 15.5 °C and 443 mm,
respectively.

Three broadleaved deciduous leguminous fodder species Robinia pseudoacacia var. monophyl-
la (L.), Amorpha fruticosa L. and Colutea arborescens L. were investigated. For each species,
samples were hand-plucked (i.e., leaves and twigs with diameter <3mm) from three individual
plants at two discrete periods and stages of maturity: (i) during the season of rapid growth (imma-
ture: May, IM) when the leaves were young, and (ii) in September (mature: September, M) when
growth had ceased and the woody parts had been hardened.

Upon collection, each plant was divided into leaves and stems and oven-dried at 50 °C for 48 h.
All the samples were ground through a 1 mm sieve and were analysed for total phenols (TPH),
total tannins (TT) and condensed tannins (CT) in three replicates according to Makkar (2003b).
Total phenols (TPH) and total tannins (TT) in the extract were determined by a modification of the
Folin-Ciocalteu method using polyvinylpolypyrrolidone (PVPP) to separate tannin phenols from
non-tannin phenols. Both TPH and TT were expressed as tannic acid equivalent (mg/g TAE)
(Makkar et al., 1993). Condensed tannins (CT) were determined according to the method of Porter
et al. (1986), using purified quebracho CT as the reference standard and therefore expressed as
quebracho equivalent.

Two-way ANOVA of the data was performed using SPSS® statistical software v. 18.0 (SPSS Inc.,
Chicago, IL, USA), in order to determine differences among the three species in the two stage of
maturity in leaves and stems separately. The LSD at the 0.05 probability level was used to detect
the differences among means (Steel and Torrie, 1980).

Ill - Results and discussion

In immature stage, R. pseudoacacia had higher concentration of TPH, TT and CT in the leaves
compared to that of the other species, followed by A. fruticosa. C. arborescens had the lowest con-
centration in all measured components. In mature stage, R. pseudoacacia had higher CT con-
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centration than the other species, while R. pseudoacacia and A. fruticosa had significant higher
TPH and TT concentration in the leaves than C. arborescens. There was a significant interaction
between season x species for TPH TT and CT (Table 1). The TPH and TT concentration in leaves
of R. pseudoacacia was significantly higher in immature stage than in mature, while stage of matu-
rity did affect the concentration of other two species. Moreover, maturity significantly reduced the CT
concentration in leaves of R. pseudoacacia and A. fruticosa, but did not affected C. arborescens.

Table 1. TPH (mg/g DM TAE), TT (mg/g DM TAE), CT (mg/g DM QE) concentration of leaves from legumi-
nous browse plants at immature (IM) and mature stage (M)

TPH (mg/g d.w. TA.EE)  TT (mgl/g d.w. T.A.E) CT (mg/g d.w. Q.E)

Species/Leaves

(Im) (M) (Im) (M) (Im) (M)
Robinia pseudoacacia 26.5af 20.1b 26.0a 20.0b 101a 82.5b
Amorpha fruticosa 16.5¢ 18.3bc 16.2.b 18.0b 68.0c 40.0d
Colutea arborescens 7.3d 7.6d 7.0c 7.2c 1.3e 1.0e

T Means for the same component with different letters are significantly different (P < 0.05).

Concerning the stems, A. fruticosa had the highest concentration of TPH, TT compared to the
other two species in both stage of maturity. However, A. fruticosa had significantly higher CT con-
centration than the other species in mature stage, but only than C. arborescens in immature sta-
ge (Table 2). There was a significant interaction between season x species for TPH, TT and CT
concentration of stems. Both R. pseudoacacia and A. fruticosa decreased significant the TPH
and TT concentration from immature to mature stage, but not C. arborescens. The CT concen-
tration significantly decreased with maturity only of R. pseudoacacia. Generally, leaves had high-
er concentration of TPH, TT and CT than stems in both maturity stages (Tables 1, 2). Similarly,
Salawu et al. (1997) reported that the leguminous species Calliandra calothyrsus had more CT
in leaves than in stems.

Table 2. TPH (mg/g DM TAE), TT (mg/g DM TAE), CT (mg/g DM QE) concentration of stems from legumi-
nous browse plants at immature (IM) and mature stage (M)

TPH (mg/g d.w. TA.E) TT (mg/g d.w. T.A.E) CT (mg/g d.w. Q.E)

Species/Leaves

(IM) (M) (M) (M) (M) (M)
Robinia pseudoacacia 5.7¢t 3.8d 5.6¢ 3.8d 17.0a 9.2b
Amorpha fruticosa 9.7a 7.7b 9.4a 7.4b 16.3a 19.5a
Colutea arborescens 2.6d 4.5cd 2.4e 4.4cd 0.4c 0.4c

T Means for the same component with different letters are significantly different (P < 0.05).

Contrasting results have been reported regarding the concentration of phenols in relation to the
maturity stage. Glyphis and Puttick (1988) found that the concentration of phenols increased or
remained stable as leaves became more mature. In contrast, Waterman and McKey (1989) report-
ed that leaves had higher concentration of phenols in spring than in autumn. The results of the pres-
ent study provide evidence than the concentration of phenols through maturity is species depend-
ed. There is a decrease in leaves CT concentration from spring to autumn for R. pseudoacacia and
A. fruticosa. Several factors may affect the concentration and the solubility of CT in leaves. The
quantity of CT to the foliage could vary according to the genotype (Baldwin et al., 1987) and their
concentration and extractability changes with season (Hagerman, 1998; Salem, 2005).
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IV — Conclusions

R. pseudoacacia had the highest concentration among the tested species for all the measured
components in leaves in spring and for CT in autumn, while C. arborescens the lowest ones.
Concentrations in stems were generally lower compared to these in the leaves. The results of the
present study indicate that the impact of maturation on the type and the concentration of phenols
and tannins is species depended.
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Abstract. Natural and improved pastures represent an important component for forage systems, biodiversi-
ty, human activities, and rural countryside in Sardinia (ltaly). However, research dealing with agronomic meth-
ods to increase the performances of spontaneous legumes in natural pastures, as an alternative to the intro-
duction of the corresponding commercial varieties to improve pasture productivity, is still limited. A three-year
trial was carried out to study the effects of phosphorus (P) fertilization in a natural pasture containing spon-
taneous legumes. Annual forage yields of grasses, legumes and others families and its quality and legume
seed production have been monitored. Annual forage dry matter yield increased from 1 to 2 t ha! in P fertil-
ized pasture compared to the unfertilized treatment. Legume contribution to the total DM yield increased from
4 to 40%. Moreover, forage quality and annual legume input to the soil seed bank significantly improved.

Keywords. Rangelands — Dry matter yield — Forage quality — Seed bank.

Les effets de la fertilisation phosphatée dans un paturage naturel contenant des légumineuses spon-
tanées

Résumé. En Sardaigne (ltalie) les péaturages naturels représentent un élément important non seulement
comme source de fourrage, mais également en termes de biodiversité, ainsi que pour le maintien des acti-
vités humaines et du paysage rural. Cependant, les recherches qui concernent des méthodes agronomiques
pour augmenter les performances des légumineuses spontanées dans les paturages naturels restent enco-
re limitées. Cela représente pourtant une alternative a l'introduction de variétés commerciales (paturages
semés) afin d’améliorer la productivité des paturages. Un essai de trois ans a été réalisé pour étudier les
effets de la fertilisation phosphatée dans un péaturage naturel contenant des légumineuses spontanées. La
production fourragere annuelle (en quantité et qualité) des principaux groupes d’especes (graminées, légu-
mineuses et autres familles) ainsi que la production de semences de légumineuses ont été suivies. La pro-
duction de matiére séche est passée de 1 a 2t ha'! dans les paturages ayant regu une fertilisation P par rap-
port au traitement non fertilisé. La contribution des légumineuses a la matiere séche totale est passée de 4
a 40%. En outre, la qualité du fourrage et la contribution de légumineuse annuelle a la banque de semences
du sol a augmenté de fagon significative.

Mots-clés. Paturage — Production fourragere — Qualité du fourrage — Banque de semences.

| — Introduction

Natural and improved pastures cover more than 1 million hectares in Sardinia, where they rep-
resent an important component, not only as forage source but also in terms of biodiversity, tradi-
tional human activities, and rural countryside. The low productivity of Sardinian rangelands is
basically due to pedological and climatic factors (Bullitta et al., 1993), which impose short growth
periods on the prevalent annual plant communities. Spontaneous self-reseeding legumes are an
important biological element of Mediterranean pastures (Sulas, 2005). In fact, starting from germ-
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plasm collections carried out in Mediterranean basin, several pasture and forage varieties have
been released in Australia (Loi et al., 2005) and widely used to improve pasture productivity.
However, research dealing with agronomic methods to increase the performances of sponta-
neous legumes in situ, as an alternative to the introduction of the corresponding commercial vari-
eties (sowed pastures), is still limited. On the other hand, low persistence and re-establishment
have been recorded in 2" generation legumes grown in Sardinia (Porqueddu et al., 2010). Che-
mical fertilization can be a cheap agronomic technique to improve pasture productivity and its
quality (Bullitta et al., 1993; Martiniello and Berardo, 2007). In addition, chemical fertilization may
affect the botanical composition of sward and the size and the type of seed bank of pasture spe-
cies. We supposed that phosphorus (P) fertilization could maximize the performances of sponta-
neous annual self-reseeding legume species. This research aimed at studying the effects of the
P fertilization of natural pastures containing spontaneous legumes in terms of annual forage
yield, its quality and legume seed production, and in comparison with unfertilized pastures.

Il — Materials and methods

A three-year trial was carried out during 2010-13 in Bolotana, Sardinia (Italy). The soil of the trial is
shallow, waterlogged in winter and characterized by low fertility (Table 1). Within traditional agro-
pastoral private farms, natural pasture areas were identified and plots were arranged in a random-
ized complete block design with three replicates. The size of each experimental unit was 50 m2.

Table 1. Main pedo-climatic characteristics of the trial location (Bolotana, Nu)

Latitude/longitude 40°16’'N / 8° 58'E Assimilable P (mg kg™ 3.5

Altitude (m.a.s.l.) 200 Exchangeable K (mg kg™ 141.6
Sand/Silt/Clay (%) 68/12/ 20 Avg. rainfall 580

Soil series (Fao, 1988)  Eutric, Calcaric e Mollic Fluvisols Avg. temperature (°C) 16.6

pH 6.3 Total rainfall 2011/12/°3 740/640/860

Each autumn, all plots were fertilized with 100 kg ha™! of P,0O; using triple superphosphate. No addi-
tional fertilizer or herbicide was applied. At the end of each spring, dry matter (DM) yields for all plots
were determined by cutting the aerial biomass at 5 cm above ground level on sampling areas, and
by drying the cut material at 65 °C in a forced-air oven until a constant weight is obtained. Botanical
composition was determined on subsamples by separating the main species groups: grasses,
legumes and other dicotyledonous species. The dry biomass was ground finely for forage quality
determination. Neutral, acid detergent fibre and lignin were determined according to Van Soest
(1994). Crude protein (CP) was calculated by multiplying the N content (Kjeldahl method, 1965) by
6.25. In summer, legume seeds were taken from plots by digging up to 4 cm soil depth and legume
seed bank size was determined. On collected data a one-way ANOVA was performed. Duncan test
was applied to compare the treatments every year. Tests of significance were made at a 95% con-
fidence level. Analyses were processed using SAS for Windows (SAS Institute, 1999).

Ill — Results and discussion

During the three years, annual rainfall exceeded the mean long-term value by 20%, on average.
The total DM yield of the unfertilized natural pasture ranged from 0.7 to 1 t ha™! (Fig. 1). The total
DM production in the fertilized natural pasture was always higher than in unfertilized during the
three years. In the third year, the total DM significantly decreased in the unfertilized plots. The
botanical composition, as percentage of total DM, was almost stable but different between treat-
ments. In the unfertilized pasture it was: 56% grasses, 4% legumes, 40% others species. In the
fertilized pasture (43% grasses, 42% legumes, 15% others) the legume content was 10 times
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higher compared to the unfertilized one. The most important legume species were: Trifolium sub-
terraneum, T. campestre, T. strictum, Medicago murex and Ornithopus compressus.
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Fig. 1. Total dry matter (t ha™!) in fertilized (F) and unfertilized (U) pastures (diffe-
rent letters within year indicate statistical differences at P<0.05).

The forage DM yields were representative of Mediterranean extensive pastures. The contribution
of the native legumes remained very stable during the three years. On the contrary, a previous
experiment in the same area pointed out that there was a remarkable presence of sowed com-
mercial legume varieties in the sowing year only (Porqueddu et al., 2010).
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Fig. 2. Concentrations of a) crude protein b) neutral detergent fibre (NDF), in fertilized and unfertili-
zed pastures.

The forage crude protein concentrations (Fig. 2a) ranged from 110 to 180 g kg”! DM and was sig-
nificantly higher in legumes. In fact, CP content never exceeded 80 and 100 g kg™! DM in grass-
es and other species, respectively. The neutral detergent fibre concentration of grasses (Fig. 2b)
showed higher values than legumes and other species (on average 700 vs 500 g kg™! DM, in the
fertilized pasture).

Total crude protein yields (Table 2) exceeded 200 kg ha™! in the fertilized pasture. These contents
were twice the unfertilized pasture, as a result of the concurrent remarkable legume contribution
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and their high CP content in fertilized pasture. On the contrary, even if present, native legumes
were not so effective in the unfertilized pasture. NDF yields ranged from 1,000 to more than 2,500
kg ha'' in the fertilized pasture, and they were two to four times higher than those in the unfertil-
ized one. Seed production was markedly affected by the different legume contribution recorded
into pasture treatments. In the unfertilized pasture, legume seed yield ranged from 100 to about
700 seeds m=2. In the fertilized pasture, it ranged from 6,000 to more than 10,000 seeds m2
depending also on different single species contribution. Consequently, P fertilization strongly affect-
ed annual input to the legume soil seed bank.

Table 2. Total crude protein (CP) and neutral detergent fibre (NDF) in the main species groups

Treatments and CP (kg ha') NDF (kg ha™)

species groups 2011 2012 2013 2011 2012 2013
Fertilized-grasses 55.0 54.6 62.9 588.8 480.3 845.4
Fertilized-legumes 127.7 125.0 112.3 1862.3 327.7 568.4
Fertilized-others 17.6 45.4 28.7 96.1 220.7 176.4
Unfertilized-grasses 65.0 19.8 28.7 557.6 138.0 309.4
Unfertilized-others 13.5 61.9 17.6 83.3 437.4 93.1
Fertilized-Total 200.4a 224 .9a 203.9a 2547.2a 1028.7a 1590.2a
Unfertilized-Total 78.5b 81.7b 46.3b 640.9b 575.5b 402.5b

Different letters within columns indicate statistical differences at P<0.05.

The native legume annual input to the seed bank was lower than that recorded in pure sward of
commercial cultivar of pasture legumes (Salis et al., 2012) just in the year of sowing. Native le-
gumes were able to guarantee an effective and remarkable contribution to the pasture produc-
tion during all the three-year experiment.

IV — Conclusions

The three-year research point out that P fertilization has relevant effects on pasture productivity,
forage quality and legume soil seed bank. Phosphorus fertilization can enhance the role of native
legumes in rangelands and assure stable effects from year to year, contributing to improve the
sustainability of the forage systems. Therefore, the exploitation of native pasture legumes should
be carefully taken into account and regarded as a complementary option to the introduction of
imported commercial varieties.
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Abstract. The study was carried on 16 accessions of annual Medicago species (M. truncatula Gaertn. M. cil-
iaris Krocker., M. aculeata Wild. and M. polymorpha L.). Seedlings of different accessions of Medicago collect-
ed from sites of contrasting altitudes (10 to 1170 m) were subjected to different durations of low temperature
regimes. Root to shoot ratios of acclimated and non acclimated plants was compared. 12 accessions among 16
studied were used to assess the degree of genetic polymorphism by SSR microsatellites. Results show that
accessions originated from high altitude have a better root to shoot ratios (higher ability to cold acclimation) than
accessions originated from low altitude (lower ability to cold acclimation).Tests differentiation between species
by Fisher pair show that all species are different from each other. Results show the high level of homozygosity
for all species (> 80%). There are differences between populations of the same species of cold acclimation,
which is encouraging for a study of association between cold acclimation and molecular polymorphism.

Keywords. Cold acclimation — Root:shoot ratios — Molecular polymorphism — Annuals populations — Medicago.

Caractérisation des populations algériennes de Medicago pour la tolérance au froid a partir de traits
morphologiques et de marqueurs moléculaires

Résumé. L’étude a porté sur 16 accessions de différentes especes de Medicago (M. truncatula Gaertn., M.
ciliaris Krocker., M. aculeata Wild. et M. polymorpha L.), appartenant a des altitudes contrastées. Des plan-
tules de différentes accessions de Medicago ont été soumises a différentes durées de régimes de basse tem-
pérature. Les ratios racines/tiges des plantes acclimatées et non acclimatées (control) ont été comparés.12
accessions parmi les 16 étudiées ont fait I'objet d’une caractérisation moléculaire a l'aide de marqueurs de
type SSR. Les résultats montrent que les accessions tolérantes affichent des ratios plus importants par rap-
port aux sensibles. Le test de Fisher de différentiation entre les especes montre que les especes sont diffé-
rentes les unes des autres. Les résultats montrent aussi le haut niveau d’homozygotie pour toutes les especes
(> 80%). Le fait qu'il existe des différences entre les différentes populations étudiées pour la tolérance au froid
est encourageant pour une étude d’association entre I'acclimatation au froid et le polymorphisme moléculaire.

Mots-clés. Acclimatation au froid — Ratios racine/tiges — Polymorphisme moléculaire — Populations annuelles
— Medicago.

| — Introduction

The production of a crop is challenged by abiotic and biotic stresses. Temperature is one of the
most important environmental factors controlling seed germination, development of seedlings
growth and limiting crop distribution. During crop establishment, extreme temperatures can
decrease plant emergence and lead to drastic losses in crop yield and quality (Dias et al., 2010;
Avia et al., 2013). Acclimation also is known as cold hardening or cold tolerance (Baruah et al.,
2011; Pirzadah et al., 2014). Many morphological changes have been documented during the
acquisition of cold tolerance in different species (Thapa et al., 2008; Baruah et al., 2011). Cold
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tolerance can be evaluated by changes in morphological indices such as root/shoot ratios (Hek-
neby et al., 2001; Thapa et al., 2008; Hund et al., 2008). In natural environments, the spatial dis-
tribution of individual plants within populations often depends on environmental factors that affect
seedling establishment, such as temperature. Phenotypic assessment can provide a direct an
easy estimation of variability for cold stress adaptations. Microsatellite markers, freeing this con-
straint, are often used in combination with phenological traits to characterize populations and
their adaptation to constraint environments (Avia et al., 2013). It would be useful to develop mor-
phological and genetic markers to detect genotypes with best degree of acclimation at low tem-
peratures and consequently freezing tolerance using a screening tests in controlled conditions to
avoid interference with other limiting factors. The major objective of this study was to develop a
laboratory screening procedure to quantify cold acclimation (CA). CA was quantified by measur-
ing morphological cold tolerance indices such as root to shoot ratio treated at different duration
in comparison with the control, estimating the genetic diversity of natural Medicago accessions
using SSR markers and answering the question is there a relationship between the classification
of populations through cold tolerance indices as well as their site of origin (low or high altitude)
and SSR markers used?

Il — Materials and methods

The study was carried on four annual Medicago species. A set of 16 accessions (Table 1) was
tested for degree of cold acclimation. Ten seeds for each accession were germinated, after scar-
ification, at temperature room in Petri dishes containing universal compost imbibed with distiller
water. At three days growth stage, seedlings were divided into two lots. Cold acclimation (CA) lot
at 4 °C for three durations 5, 8 and 11 days (T1, T2 and T3) and control lot non-acclimated (NA)
lot kept at 23 °C (T01, T02 and T03). CA was quantified by measuring root to shoot ratios at dif-
ferent durations in order to compare with the control.

Table 1. Accessions analyzed for cold tolerance with their origin and ecological description

Species Accessions Origin Latitude Longitude Altitude (m)

M. aculeata Willd. cv. Ac 15678 Australia - - -
cv. Ac 15679 Australia — — -
cv. Ac 14821 Australia - - -

cv. Ac 80 Syria - - -
M. ciliaris Krocker. Cil 123 Algeria 36°46'02"N 8°18'9.57"E 16
Cil 124 Algeria 36°1715" N 7°57°14.77"E 565
Cil 125 Algeria 36°17'15"N 7° 571477 E 565
Cil 126 Algeria 36°28'0"N 7°26°0"E 290
M. polymorpha L. Poly 57 Algeria 36°17'15"N 7° 571477 E 565
Poly 54 Algeria 36°17'15"N 7° 571477 E 565
Poly 136 Algeria 36°49'0” N 5°46'0"E 10
Poly 213 Algeria 35°23'17"N 1°19' 22" E 1170
Poly 42 Algeria 36°54’15”"N 7°4507"E 200
M. truncatula Gaertn.  Tru 210 Algeria 34°6’' 50" N 2°550.14" E 1150
Tru 216 Algeria 34°6’50"N 2°5°50.14"E 1150
Tru 62 Algeria 36°28 0"N 7°26'0"E 290
Tru 26 Algeria 35°23' 17N  1°19'22.16" E 1170
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Among 16 accessions studied, 12 populations have been characterized using 14 SSR microsatel-
lites. DNA is extracted from 200 mg samples of fresh young leaves material, in the presence of
liquid nitrogen and 3 ml of CTAB buffer (Doyle and Doyle, 1990). PCR amplification was per-
formed with fourteen SSR microsatellites. Extraction was carried out at INRA Lusignan France.
PCR products were separated using polyacrylamide gel 6.5% in the LI-COR IR2 automated DNA
sequencer (LI-COR Inc.). The different parameters are calculated using the Genetix software
(version 5.0.4).

Il — Results and discussion

1. Ability of cold acclimation

During cold treatment of 4 °C, cold-acclimated plants had reduced stem length and root length
(data not shown). This reduction differs from one accession to one another. The values of root to
shoot ratios are also different from one accession to another. Differences in root to shoot ratios
between acclimated and non acclimated lots were significant at the tree durations of treatment
time (Figs 1, 2 and 3). Tolerant accessions have better ratios (root to shoot) than the sensitive
one. Ac 80, Ac and 15678 of M. aculeata, two populations of M. polymorpha Poly 136 and Poly
57, Cil 125 and Cil 126 of Medicago ciliaris and Tru 62 and Tru 216 of M. truncatula have been
found that their degree of acclimation is more efficient for tree durations of treatment. Janska et
al. (2010) showed that cold tolerant species —herbs, grasses and ground shrubs— have a low leaf
surface area and a high root:shoot ratio and cold-adapted plants tend to be slow growing. Thapa
et al. (2008), observed that growing of M. truncatula under low temperature regimes compara-
tively to control conditions, resulted in an increase of the root:shoot ratio.

Ratios root/shoot after 5 days under 4 °C (Rt1/Tt1) and control (Rt01/Tt01).
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Fig. 1. Ratios root to shoot after 5 days under 4 °C (Rt1/Tt1) and control
(Rt01/Tt01), for different accessions studied of Medicago.
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Ratios root/shoot after 8 days under 4 °C (Rt2/Tt2) and control (Rt02/Tt02).
Moyenne; Moustaches: MoyennezEcart-Type
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Fig. 2. Ratios root to shoot after 8 days under 4 °C (Rt2/Tt2) and control
(Rt02/Tt02), for different accessions studied of Medicago.

Ratio root/shoot after 11 days under 4 °C (Rt3/Tt3) and control (Rt03/T103).
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Fig. 3. Ratios root to shoot after 11 days under 4 °C (Rt3/Tt3) and control
(Rt03/Tt03), for different accessions studied of Medicago.

2. SSR Marker

On 14 SSR markers used, nine were selected (not missing data, Table 2). Differentiation tests
between species by Fisher pair; show that all species are different from each other. Results show
the high level of homozygosity for all species (> 80%). The overall level of polymorphism, of M.
ciliaris is lower than M. polymorpha and M. aculeata. So it is possible to differentiate between four
species with nine microsatellite markers. It is possible to differentiate between populations for M.
aculeata and differences between populations M. aculeata are similar to those between species.
Some alleles detected at marker loci MTIC-131-432 and MTIC-079 seem to have a relationship
with cold tolerance and the geographical origin of accessions (data not shown).
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Table 2. Number of alleles and percentage of homozygosity

Loci M. ciliaris M. truncatula M. aculeata M. polymorpha All species
ATPase456 1 (100%)* 1(100%) 5(77%) 3 (50%) 6 (79%)
Mtic338 3 (85%) 1 (100%) 4 (92%) 5 (100%) 7(93%)
Mtic082 1 (100%) 1 (100%) 2 (100%) 4 (67%) 7 (91%)
mtic451 5 (100%) 3 (100%) 5 (85%) 2 (75%) 12 (88%)
B14B03 1 (100%) 1 (100%) 3 (100%) 5(92%) 10 (98%)
mtic135 3 (92%) 2 (100%) 3 (100%) 2 (100%) 8 (98%)
mtic343 2 (100%) 2 (100%) 6 (92%) 6 (83%) 12 (93%)
mtic131 2 (92%) 2 (100%) 4 (100%) 4 (83%) 06 (93%)
Mtic432 1 (100%) 2 (80%) 2 (100%) 6 (83%) 13 (93%)
Total 19 (97%) 15 (98%) 34 (94%) 37 (81%) 81 (92%)

T The percentage of homozygosity is indicated in parenthesis.

IV — Conclusion

The effect of cold treatment was investigated in different populations of annual Medicago, and
revealed a high genetic variability for cold tolerance. The degree of cold acclimation increased
with the duration of treatment. It appears that it does not seem to be structuring between popu-
lations for M. polymorpha and M. ciliaris (to be confirmed with more individuals and markers)
while there are differences between populations of the same species of cold acclimation. This is
encouraging for a study of association between cold acclimation and molecular polymorphism.
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Abstract. The phenology and agronomic characteristics of seven accessions of common vetch (Vicia sativa
L.) were assessed over two years and contrasting sites through making the following notations and meas-
urements: flowering and maturing dates, seed and biological yield, pod number per plant, seed number per
pod, seed weight, and percent of shattering. Analysis of variance showed a significant effect of the environ-
ment (sites, year and site x year interaction) on all the agronomic and phenologic traits except the number of
pods/plant. Significant variation was found between accessions for earliness, seed weight and number, and
seed yield. All accessions flowered earlier in the sub-humid site while seed yield, seed number and weight
were higher in the semi arid site. Positive and significant correlations were found between seed yield and
seed number (r=0.47, P<0.04, n=19), flower number and seed weight (r=0.88; P<0.001) and flower number
and seed yield (r=0.93; P<0.0001). The highest average seed yield was recorded for INRAT 303, a local vari-
ety (1232 kg ha'), while the lowest value was recorded for accession VS7 from Syria (888 kg ha'). Based
on their earliness and lower shattering rate, accessions VS8 and VS15 originating from Cyprus and Afghanis-
tan respectively, were selected as promising grain yielding lines.

Keywords. Vicia sativa L. — Semi arid — Sub humid — Seed yield — Shattering.

Phénologie et rendement en graines de quelques accessions de vesce commune (Vicia sativa L.) en
Tunisie

Résumé. La phénologie et les caractéristiques agronomiques de 7 accessions de vesce commune (Vicia sati-
va L.) ont été évaluées sur deux années et deux sites contrastés a travers les notations et les mesures sui-
vantes: date de floraison et de maturité, rendement en graines et rendement total, nombre de gousses/plan-
te, nombre de graines/gousse, poids des graines et pourcentage d’égrainage. L’analyse de variance montre
un effet significatif de I'environnement (site x année) sur tous les caractéres agronomiques et phénologiques
sauf sur le nombre de gousses/plante. Toutes les accessions fleurissent précocement dans le site subhumi-
de alors que le rendement en graines, le nombre et le poids des graines sont plus élevés dans le site semi-
aride. Des corrélations significatives ont été trouvées entre le rendement en graines et le nombre de
graines/gousse (r=0,47, P<0,04, n=19), entre le nombre de fleurs et le poids des graines (r=0,88; P<0,001)
et entre le nombre de fleurs et le rendement en graines (r=0,93; P<0,0001). Le rendement en graines moyen
le plus élevé a été enregistré chez la variété locale INRAT 303 (1232 kg ha™'), alors que le plus faible a été
observé chez I'accession VVS7 en provenance de Syrie (888 kg ha'!). En se basant sur la précocité et le faible
taux d’égrainage, les accessions VS8 et VS15 provenant respectivement de Chypre et d’Afghanistan, ont été
retenues comme étant des lignées prometteuses a bon rendement en graines.

Mots-clés. Vicia sativa L. — Semi-aride — Sub-humide — Rendement en graines — Egrainage.

| — Introduction

In Tunisia, the current situation is marked by an increase in consumption and prices of basic prod-
ucts (cereals for human consumption and concentrates for animals). The use of productive and well
adapted forages and cereals varieties in association with appropriate management techniques and
practices is likely to reduce production costs and provide economical solutions to farmers. Nowa-
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days, several registered varieties of forage legumes (e.g. vetch and pea) and grasses (e.g. oats,
barley, tall fescue) selected from local or introduced genetic resources may contribute positively to
these requirements. Beside their large adaptation and high nutritional values, these varieties are
able to provide a rich and balanced diet for animal husbandry. Among them, vetch grains present
high crude protein content (about 30%) and are candidates to potentially replace soybean in the for-
mulation of concentrate for ruminants (Ben Salem, pers. comm.). In previous studies, it has been
proven that grazing vetch by dairy sheep resulted in a substantial reduction of soybean meal incor-
poration level in the daily diet (Atti and Hassen, data not published). In the purpose of searching
alternatives to soybean meal, the aim of the present study is to test introduced and local accessions
of common vetch for earliness and grain yield potential under Tunisian environments.

Il — Materials and methods

1. Trials management

The trials were conducted under rain fed conditions in two contrasting sites (Oued Béja and Oued
Mliz) during two cropping years (2009/2010 and 2010/2011). Oued Beja site (OB) has a sub hu-
mid Mediterranean climate with 600 mm average annual rainfall, cold winter and hot summer.
Oued Mliz site (OM) has a semi arid environment with 460 mm rainfall, cold winter and hot dry
summer. The total amount of rainfall recorded in Oued Béja was 362 mm and 498 mm in 2010
and 2011, respectively, and that recorded in Oued Mliz was 498 mm and 593 mm in 2010 and
2011, respectively. The two experiment years were dryer in Oued Béja and wetter in Oued Mliz
compared to their corresponding average rainfall.

2. Plant material

In 2010-2011, four accessions originated from different Mediterranean countries were received from
ICARDA in the frame of germoplasm exchange and, evaluated in comparison with two local checks
(var. Mghila and var. INRAT 303). For each year and site, a complete block design with three repli-
cations was used. Each accession was sown in a plot of four rows of 4 m long and 30 cm apart.

3. Measurements

Agronomic traits were determined during the first and the second year in both sites through mea-
suring seed yield, seed yield components such as seed weight and number, pod number and
weight, number of flowers per plant, biological yield, percentage of shattering and empty pods. The
four latest parameters were evaluated at Oued Béja only during one year and that was made on
20 individual plants randomly taken from each plot. The remaining plants were cut for seed yield.
Phenologic traits such as days to flowering and days to maturity were recorded in both sites.

4. Statistics

Analysis of variance was performed on seed yield with year and site as random effects and
accession as fixed effect. For the other agronomic traits, ANOVA was performed with the year
random effect. Analyses were performed using SAS (SAS Institute, 1998-2000).

Ill - Results and discussion

There is a significant effect of site, year and site x year interaction on all agronomic and phenolo-
gic traits except the number of pods per plant (Table 1). Significant variation was found between
accessions for earliness, seed weight and number and seed yield. Pod number and seed weight
were two times higher in the semi arid site of Oued Mliz than in the sub humid site of Oued Béja
(Table 1).
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On average, accessions flowered and matured earlier in Oued Béja than in Oued Mliz (107.5 days
vs 125.5 days and 145.6 days vs 163 days, respectively) (Table 1). The average biological yield
ranged from 438 kg ha! for var. INRAT303 to 2867 kg ha™! for accession VS7. These results are
consistent with those obtained by Larbi et al. (2010) in North West Syria (3.3 and 2.2 t ha™! in wet
and dry environments, respectively). Shattering rate varied between accessions from 20 to 32%
in var. Mghila and accession VS11, respectively. INRAT303 was the most shattering variety.

Table 1. Means of all accessions of common vetch (V. sativa L.) for phenologic and agronomic traits

Accession Daysto Daysto Number Biological Shattering’ Seed 1000 Pod
name flowering pod of yield (%) number seed number
maturity flowers™ (kg ha)t pod-! weight (g) plant™’

VS 15 110.2¢ 145.7¢ 29.13P 800¢bc 28.0° 5.22 54.80¢ 58.32
VS 8 107.4¢ 145.4¢ 38.20° 1620Pac 21.90 5.0° 59.20¢ 60.52
VS 11 110.9¢ 148.5¢ 37.67° 1283bac 31.7° 5.12 59.0Pa 52.02
VS 7 121.72 162.82 32.80° 28672 31.0P 4.7p2 59.4ba 57.52
INRAT 303 121.72 162.52 94.902 438° 50.0° 3.90 52.9¢ 61.72
Mghila 113.5P 152.1b 17.500 2575ba 20.0° 4.gba 63.62 44.22
Total mean 114.5 152.3 37.8 1512 27.8 4.8 58.7 54.5
SE 2.6 2.4 26.6 954.1 7.3 0.9 4.8 18.7
Mean OB 107.5 145.6 - - - 3.9b 52.2b 55.6°
Mean OM  125.5 163.0 - - - 6.32 68.9° 52.82

T Recorded at one site and for one year only (Oued Béja 2010). Numbers with the same letter in a same col-
umn are not significantly different at P<0.05 level. OB: Oued Béja site, OM: Oued Mliz site.

Seed yield was two times higher in the semi arid site than in the sub humid one (Table 2). This
proves that common vetch is more adapted to dry and cold conditions.

Table 2. Seed yield (kg ha™') of Vicia sativa accessions evaluated in two sites and over two years

Oued Béja site Oued Miliz site

2010 201 2010 2011
Accessions  Mean Sd Mean SD Mean SD Mean SD Accession average
VS 7 206.8 98.5 - - 1570.1 1384 - - 888.5P
VS 8 308.0 125.8 1218.0 172.8 1754.7 300.8 323.3 134.3 901.0°
VS 11 3804 171.2 1023.3 538.4 1604.1 309.8 373.3 ©66.6 845.3b
VS 12 2455 173.7 - - 1553.8 285.4 - - 899.7°
VS 15 154.2 69.7 1328.0 176.5 1860.6 2249 406.7 32.1 937.4b
INRAT303 3429 3804 - - 21226 126.3 - - 1232.72
Mghila 708.8 116.9 719.3 267.0 1639.6 493.6 380.0 249.8 861.9°
Year average
2010 1032.32
2011 721.5°

Site average
Oued Béja 303.0P
Oued Mliz 1235.32

—: not included in the trial; values with the same letter are not significantly significant at P<0.05. SD: standard

deviation.
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Compared to other countries, the average total seed yield recorded in our experiments (0.9 t ha-")
is higher than that obtained by Berger et al. (2002) in north Syria (0.4 t ha'') and lower than that
obtained by Benyoussef et al. (data not published) (1.7 t ha! for both Mghila and INRAT303 under
356 mm in Tunis), and that of Larbi et al., (2010) in wet conditions of north Syria (1.2 t ha™*). A high-
est grain yield of 2.2 t ha™! was obtained by Miki et al. (2013) in one accession of Serbia. Under
more favourable climate in Tunisia (> 600mm rainfall), Hassen and Atti (data not published)
obtained a biological seed yield of 3 t ha™! for the variety Mghila grown in a mixture with spring tri-
ticale used as tutor.

Significant correlations were found between flower number and seed weight (r=0.88. p<0.0001)
and flower number and seed number per pod (r=0.93. P<0.001) which themselves are correlated
to seed yield (r=0.54, P<0.02, n=19; r=0.47, P<0.04, n=19).

IV — Conclusion

The evaluation of common vetch under contrasting environments has demonstrated interesting
grain yields for the semi arid conditions. High seed weight, low shattering rate and earliness are
important criteria for selecting promising lines of common vetch. Based on these criteria, VS8
and VS15 were retained for registration as commercial cultivars for grain purpose.
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Abstract. This study was conducted at germination stage on Anthyllis henoniana, a Fabaceae species, which
grows under arid lands in Tunisia. The effects of temperature, salt and drought stresses at the same water
potentials induced by NaCl and polyethylene glycol (PEG 6000), were investigated on seed germination.
Results indicated that a temperature between 15 and 25°C was the most favorable at germination stage. An
increase in PEG and NaCl potentials progressively decreased both the percentage and the mean germina-
tion time. Germination under salt and water stresses showed the differences occurred; salt stress had less
inhibitory effect on germination than drought stress. The germination behavior of this species would therefore
imply adaptive mechanisms to colonize the arid lands threatened by desertification in Tunisia.

Keywords. Arid lands — Anthyllis henoniana — Germination — Temperature — Water stress — Salt stress.

Effet de la température, du stress hydrique et du stress salin sur la germination des graines d’une
espéce de fabaceae (Anthyllis henoniana)

Résumeé. Cette étude concerne le comportement germinatif d’Anthyllis henoniana de la famille des Fabaceae,
collectée dans des zones arides de la Tunisie. Les effets de température, du sel et du stress hydrique aux
mémes potentiels hydrique induits par NaCl ou le PEG 6000, ont été examinés sur la germination des
graines. Les résultats indiquent qu’une température entre 15 et 25°C était la plus favorable a la germination
des graines. Une augmentation du PEG et des potentiels du NaCl diminuent progressivement le pourcenta-
ge et le temps moyen de germination. La germination sous l'effet du sel et du stress hydrique a montré des
différences entre les traitements. L'effet inhibiteur du stress salin sur la germination est moins marqué que
celui du stress hydrique. Le comportement germinatif de cette espece impliquerait donc des mécanismes
adaptatifs pour coloniser des zones menacées par la désertification en Tunisie.

Mots-clés. Zones arides — Anthyllis henoniana — Germination — Température — Stress hydrique — Stress salin.

| — Introduction

Desertification is a serious threat to arid and semiarid environments that cover 40% of the global
land surface. Tunisia is one of the most affected countries. On account of desertification problems
and soil erosion affecting large areas of the Mediterranean region, it's necessary to create programs
leading to revegetation, to improve arid ecosystems and also to preserve natural resources.

Several species of Fabaceae family have a high interest due to their high adaptation to arid and
semi-arid environments, nitrogen fixing capacity and ability to grow in poor soils (Ibanez and
Passera, 1997). They are of great importance worldwide, especially in countries under Mediterra-
nean climate like Tunisia. They contribute to soil fertility and to the prevention of soil erosion. A
successful germination is a crucial stage in the life cycle of plants and tends to be highly unpre-
dictable over space and time as it determines whether or not the populations will successfully
establish (Tlig et al., 2008). The germination is adversely affected by unfavorable moisture condi-
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tions due to lack of rain. Seed germination rates generally decrease with decreases in soil water
potential, which is always associated with failure of plant emergence (Willenborg et al., 2005).

Salinity is another major constraint to seed germination. Tolerance to salinity during germination is
critical for the establishment of plants growing in saline soil of arid regions. Because of the increase
of expanded saline areas throughout the world, that makes a dangerous trend of 10% per year,
many studies were carried out to determe salt effects on this stage (Abari et al., 2011). Severe
drought and high salinity are rapidly increasing and could promote the desertification and salination
of lands. In this regard understanding seed germination under various levels of water stress, salt
stress, and temperatures is essential for successful plant establishment and revegetation.

The aim of this study was to evaluate, during germination, the adverse effects of temperature,
salinity, and drought on Anthyllis henoniana, an endemic species of East Algeria, south of Tuni-
sia, and west Libya, grown under conditions of the arid environments of Tunisia.

Il — Materials and methods

This experimental study was carried out under laboratory conditions. Seeds of Anthyllis henoni-
ana, collected by Arid Land Institute Medenine, were used without any type of pretreatment.
Seeds were then surface sterilized in aqueous solution of 0.1% mercuric chloride for 60s to pre-
vent fungal attack and rinsed in several changes of sterile distilled water. Germination experi-
ments were conducted in incubators set at 5, 10, 15, 20, 25, 30, and 35°C in complete darkness
(four repetitions of 25 seeds). The effect of drought and salt stress were conducted at the opti-
mal temperature, according to the temperature experiment. It was investigated on seeds placed
in Petri dishes with 5 ml of aqueous solutions of polyethylene glycol (PEG 6000) or NaCl to cre-
ate water stress or salt stress, respectively, with iso-osmotic potentials: 0 (distilled water), -0.1, -
0.2,-0.4,-0.6, -0.8 and -1.0 MPa.

Final germination percentage (FGP) and median germination time (MGT) or the time to 50% ger-
mination were calculated. Final germination percentage was calculated as the cumulative num-
ber of germinated seeds at termination of the experiment:

FGP=2.100
Nt

where n is the number of germinated seed at each enumeration interval, and Nt is the number of
seeds in each experiment;

MGT:M

where ni is the number of seeds germinated at day /, ti is the incubation period in days and N the
total number of germinated seeds in the treatment.

Statistical analyses were performed using SAS software (version 8.2, USA). A one-way analysis
of variance (ANOVA) was performed on all results.

Il — Results

ANOVA showed significant effects (p < 0.001) of temperature on mean germination time and final
germination percentage (Fig. 1).
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Fig. 1. Variation of the final germination percentages (FGP) and the mean germina-
tion time (MGT, days) of Anthyllis heoniana seeds at different temperatures.
Values of each parameter (mean * 95% confidence limits, n = 4), having the
same letter are not significantly different (P>0.05) each other (Duncan test).

Optimal germination occurred at 20°C in Anthyllis heoniana seeds. This species showed rela-
tively higher records of germination percentages at the treatments between 15° and 25°C, but it
showed a reduction at the highest temperature regime (T35).

The effects of water stress (PEG treatment) on seed germination are reported in Table 1.

Table 1. Effect of PEG 6000 on final germination percentage (FGP) and mean germination time (MGT)
of Anthyllis heoniana at the optimal temperature (T = 20°C)

Water stress (PEG 6000, MPa)

0 -0,2 -0,4 -0,6 -0,8 -1
FGP 89 + 1,49A 91+1,10A 83 +1,49°8 701,328 57 £1,79PC 51+ 1,49P
MGT 2,74+ 0,22 3,05+0,16° 4,13+0,25¢ 4,76+0,18% 5,030,198 577 +0,22A

Means ( £ s.e.: n = 4) with the same letter across rows and columns were not significantly different (P> 0.05).

Water stress induced by PEG had a significant effect (P < 0.001) on final germination percent-
age (FGP) and mean germination time (MGT) of the species. Final germination percentage and
speed decreased with a decrease of water potential, this decrease was most significant at lower
PEG level (-1MPa). The potential of -0.2MPa indicated the highest records among all treatments
(91%). Also, germination percentage exceeded 50 % at -1 MPa.

The results of ANOVA showed that salt stress (NaCl treatments) had a significant effect (P <
0,001) on germination percentage and mean germination time (Table 2). The germination was
significantly reduced by high NaCl levels and there were no great differences in final germination
percentage between 0 and -0,4 MPa, so germination percentage was reduced with increasing
NaCl to levels above -0,4 MPa (Duncan test, 1%).

The germination speed, expressed by MGT, decreased with the decrease in NaCl potentials.
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Table 2. Effect of NaCl on final germination percentage (FGP) and mean germination time (MGT) of
Anthyllis heoniana at the optimal temperature (T°20)

Salt stress: NaCl (MPa)

0 -0,2 -0,4 -0,6 -0,8 -1
FGP 90 + 3,06" 87+ 1,54 891,03~ 74 +0,95°B 63 + 0,858C 53 +1,10C
MGT 1,65+3,06° 2,18+0,08¢ 2,35+ 0,968C 3,13 + 0,098 4,32+ 0,27~ 4,27 + 0,62

Means ( £ s.e.: n = 4) with the same letter across rows and columns were not significantly different (P> 0.05).

IV — Discussion

Seed germination behavior in relation to thermal stress is very important to determine the colo-
nization capacity of species (Ungar, 1982). In the present study germination was significantly (P
< 0.001) inhibited by either an increase or decrease in temperature from thermal optimum (Fig.
1). Seeds of this species germinate better at temperatures between 15 and 25°C. The behavior
of the species is a typical strategy of Mediterranean plants with optimal temperatures ranging
between 15 and 25°C (Baskin and Baskin, 1998). In the present study, 51% of Anthyllis heoni-
ana seeds germinated at the lowest water potential (-1 MPa). This suggested that this species
easily grows under low water availability. Other study demonstrated that even desert species like
Ziziphus lotus presented less than 5% of germinated seeds at -1 MPa (Maraghni et al., 2010).
Ibanez and Passera (1997) found that Anthyllis cystoides seeds were able to germinate at -1,12
MPa (48%). Also at growth stage, Ourcival and Berger (1995) confirmed the high resistance of
Anthyllis heoniana plants which continued at -1,9 MPa in May. Similar results were reported for
other Fabaceae species like Acacia tortilis which had no germinated seeds at -0,8 MPa (Jaouadi
et al., 2010). This limit of tolerance (-0,8 MPa) was also observed in other Fabaceae and desert
species like Retama raetam (Youssef, 2009).

The results of this study showed that increases in salinity caused a decrease in germination per-
centage and speed, it also delayed germination in all studied species. Generally, salt stress affec-
ted the germination capacity and speed of Anthyllis heoniana seeds. These results were confir-
med by several other research (Lachiheb et al., 2004).

In our study, the seed germination was higher in NaCl than in PEG at the same water potential.
In this regard some studies have demonstrated that NaCl and PEG adversely affected germina-
tion but NaCl had a less inhibitory effect on seed germination than an iso-osmotic of PEG (He et
al., 2009). In contrast, Katembe et al. (1998) found that higher concentrations of NaCl (-1MPa)
were more inhibitory to germination of two Atriplex species than iso-osmotic PEG solutions.

Considering the percentage of seeds that germinated in the -1 MPa, we can conclude that this
Fabaceae species is well adapted to germinate under conditions of water and salt stresses. These
features are typical of the environments where it grows and lives. Arid lands of Tunisia are widely
affected by desertification which is caused particularly by the degradation of vegetation cover,
deforestation, and drought. The high ability of Anthyllis heoniana to germinate over a wide range
of environmental conditions provides an opportunity to contribute to future reforestation programs.
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Abstract. Pélardon is a goats’ milk PDO cheese produced in a Mediterranean area of southern France
requiring a minimal use of rangelands. The aim of this work was to characterise the dominant strategies used
by farmers to combine the use of natural resources provided by the region in order to feed the dairy goats
and to define the links between these strategies and fatty acid and terpene composition of the cheeses. Thirty
five cheeses were collected in spring and summer 2011 from 22 different farmhouse cheese-makers recruit-
ed to cover the diversity of farmers’ feeding practices. The cheeses were analysed after 2 days’ ripening and
the farmers’ feeding practices during the days prior to cheese-making were collected through an interview.
Five main feeding strategies were defined according to the relative importance of rangeland and grassland
grazing and the amount of hay and concentrates fed. These feeding strategies did not affect the cheese ter-
pene content and composition whose main drivers are related to the botanical diversity of the rangelands and
the grazing management of the goats by the shepherd. Cheese fatty acid composition varied mainly accord-
ing to the importance of the grassland grazing and the supplementation with hay and concentrates. These
results may help the farmer exploiting in an optimal way the diversity of the resources so that cheese char-
acteristics reflect the richness of the “terroir” where they originate.

Keywords. Goat cheese — Terpenes — Fatty acids — Mediterranean forage resources.

Ressources fourragéres Méditéranéennes et composition des fromages Pélardon

Résumeé. Le Pélardon est un fromage de chevre AOP produit dans une zone Méditerranéenne du sud de la
France. L'objectif de ce travail était de décrire comment les éleveurs combinent ['utilisation des ressources
naturelles du territoire pour nourrir leur troupeau et étudier les liens entre ces combinaisons de pratiques et
la composition de leurs fromages en acides gras et terpeénes. Trente-cinq fromages fermiers ont été collec-
tés au cours du printemps et de I'été 2011 dans 22 élevages sélectionnés pour couvrir la diversité des pra-
tiques d’alimentation de la zone. Les fromages agés de 2 jours ont fait I'objet des analyses et les principales
pratiques d’alimentation des troupeaux au cours des jours précédant la fabrication des fromages ont été rele-
vées lors d’une enquéte. Les pratiques d’alimentation des éleveurs ont été classées en 5 stratégies variables
selon I'importance relative du paturage sur prairies et sur parcours, et selon les quantités de foin et d’aliments
concentrés distribuées au troupeau. Ces stratégies d’alimentation n’ont pas eu d’impact significatif sur la
teneur et la composition des fromages en terpenes qui dépendent principalement de la biodiversité des par-
cours et des pratiques de garde des éleveurs. La composition des fromages en acides gras a varié princi-
palement selon I'importance du péaturage sur prairies et les quantités de foin et de concentrés offerts. Ces
résultats pourraient aider les éleveurs a exploiter de fagon optimale la diversité des ressources naturelles de
leur territoire de fagon a ce que les fromages reflétent au mieux la richesse du terroir ou ils sont produits.

Mots-clés. Fromage de chévre — Terpénes — Acides gras — Ressources fourrageres Méditerranéennes.
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| — Introduction

For cheeses labelled with a protected designation of origin (PDO), understanding how the “ter-
roir” influences the characteristics of the cheeses is an important issue. The natural resources
provided by the region and the way the farmers combine their use to feed the animals is part of
the definition of the “terroir”. In the case of mountain cows’ milk cheeses, some feeding practices
like the use of permanent pastures have been shown to exert an important influence on cheese
chemical composition and sensory properties (Martin et al.,, 2005). In Mediterranean areas, a
wide diversity of spontaneous and sown vegetation coexists. In those areas, the characterisation
of the linkage between the natural resources and the characteristics of the cheeses may be par-
ticularly complex (Napoléone et al., 2012). This is the case for Pélardon, a small (100 g) goats’
raw milk soft cheese produced in a Mediterranean area of southern France by 2 small dairies and
62 farmhouse cheese-makers. The aim of this work was: (i) to characterise the main strategies
used by the farmers to feed the goats; and (ii) define the links between these strategies and the
composition of the cheeses. We focussed on cheese fatty acids and terpenes, two families of
compounds shown to depend little on cheese processing and to vary mainly according to animal
feeding (Tornambé et al., 2006; Chilliard et al., 2007).

Il — Materials and methods

Thirty five cheeses were collected in spring and summer 2011 from 22 different farmhouse cheese-
makers recruited to cover the diversity of farmers’ feeding practices. During a visit to the farm, the
farmers were interviewed in order to describe the feeding management of the goats the day’s prior
cheese sampling. The focus was on the quantities and nature of the dry forages and concentrates
given to the dairy goats, the time the goats spent grazing on grasslands and rangelands.
Rangelands are made of very diverse wooden and herbaceous Mediterranean spontaneous vege-
tation. Its botanical diversity was classified as low, medium or high and the type of management of
the goats on rangelands (free grazing or active shepherd management). Two 2-day-old cheeses
were collected, frozen and sent to the laboratories for the analyses of volatile compounds by head-
space gas chromatography coupled with mass spectrometry and fatty acids (FA) by gas chro-
matography. The data collected on-farm were used to classify the goats’ diets in 5 feeding strate-
gies identified by a graphical treatment of the data as described by Bertin (1977). The terpene and
FA composition of the corresponding cheeses was then compared by an Anova (SAS software). A
Principal Component Analysis was made using the 21 individual terpenes and 48 FA as active vari-
ables (SPAD Software). The data related to two additional “control” cheeses not PDO granted
because goats were only fed indoors are reported but not included in the statistical analyses.

Ill - Results and discussion

A total of 21 monoterpenes were identified in the cheeses. As already reported by Napoleone et
al. (2012), the most abundant terpenes was a-pinene followed by limonene, B-pinene, p-cymene,
3,7-dimethyl-1,6-octadiene and camphene. The variability and the amount of terpenes in the
cheese were particularly important but variable according to the compounds; from 92 to 22 000
fold higher in the richest cheeses compared to the poorest. The variability of the FA was also very
high; saturated FA (SFA) ranged from 62 to 77, monounsaturated FA (MUFA) from 18 to 32 and
polyunsaturated FA (PUFA) from 4 to 6 g/100 g Total FA (TFA). Linolenic acid and CLA ranged
from 0.7 to 1.4 and 0.3 to 1.1 g/100 g TFA respectively.

The practices of the farmers were also very diverse: the quantities of hay and concentrates ran-
ged from 0 to 2.5 and 0.1 to 1.2 kg/d/goat respectively. The daily duration of grazing on grass-
lands and rangelands ranged from 0 to 10 h/d and from 0 to 12 h/d respectively. Five distinct
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feeding strategies were identified according to the amount of hay and concentrates fed to goats
and the duration of grazing on grasslands or rangelands (Table 1). Two feeding strategies were
characterised by a long grazing on rangelands without grasslands and differed according to the
amount of hay fed. In two other feeding strategies, the grazing on grasslands and rangelands
was equivalent and differed according to the amount of hay and concentrate. The last strategy
was based on pasture on grassland supplemented by hay and concentrates.

Table 1. Description of the feeding strategies and associated cheese FA and terpenes composition

Rangelands &

Type of pasture Rangelands grasslands Grasslands S* RSD Control
Hay & concentrate - + - + + +
Number of cheeses 7 11 7 6 4 2
Rangelands h/d 6.0b 5.0b 3.5ab 3.4ab 0.1a * 2.69 0
Grasslands h/d 0.1a 0.1a 4.2b 3.7b 4.9b e 1.69 0
Hay kg/d 0.5a 1.8b 0.4a 1.5b 1.3b oex 0.40 25
Concentrate kg/d 0.6a 0.7ab 0.6a 1.0b 0.7ab * 0.23 0.8
a-pinene 6.6 6.3 6.4 6.3 5.7 NS 0.65 55
Camphene 5.3 5.2 5.3 5.2 4.6 NS 0.63 4.6
B-pinene 5.7 5.5 5.5 5.5 5.0 NS 0.50 4.6
p-cymene 5.3 54 5.3 5.3 5.0 NS 0.42 4.6
Limonene 5.8 5.8 5.6 5.6 5.4 NS 0.45 53
a-thujene 4.3 4.7 4.8 4.6 3.5 NS 0.87 3.1
y-terpinene 4.6 4.9 4.9 4.7 4.1 NS 0.68 3.2
Y Saturated FA 70.23 7044 70.21 67.70 68.66 NS 3.34 76.68

6:0 275b 277b 2.70ab 2.47a 2.46a * 0.23 2.73
8:0 2,97 3.00 2.84 2.56 2.59 + 0.36 3.03
16:0 2488  24.31 2427 2456 24.93 NS 1.86 29.92
18:0 11.19 11.52 1250 11.69 11.47 NS 1.55 6.98
20:0 0.33b 0.29ab 0.32b 0.27ab 0.24a * 0.05 0.21
22:0 0.14d 0.11bc 0.13cd 0.10ab 0.08a b 0.02 0.09
Y Monounsat. FA 23.73 2399 24.08 26.53 25.74 NS 3.14 18.50
c9-16:1 0.46ab 0.48ab 0.42a  0.53b 0.52b * 0.06 0.60
c9-18:1 18.69 19.17 18.88  21.15 20.46 NS 2.44 15.00
c15-18:1 0.22ab 0.20ab 0.23b  0.20ab 0.19a + 0.03 0.16
c11-18:1 0.44ab 0.54bc 0.41a  0.58c 0.56bc  ** 0.09 0.44
H1-18:1 1.34 1.10 1.61 1.40 1.56 NS 0.45 0.47
Y Polyunsat. FA 5.41 4.94 5.08 5.15 4.95 NS 0.44 4.03
tH1c15-18:2 0.15ab 0.08a 0.16b 0.11ab 0.15ab  ** 0.05 0.08
20:4n6 0.15 0.14 0.12 0.12 0.11 + 0.02 0.12

* § = statistical significance; +P<0.10. *P<0.05. **P<0.01. ***P<0.001. NS: non-significant.
Data within the same row not sharing a common superscript are different (P<0.05).
Terpenes are expressed in log (arbitrary units) and FA in g/100gTFA.

None of the cheese terpenes differed significantly according to the feeding strategies because of
the very high variability in the data. Nevertheless, 17 terpenes were numerically higher (from 2
to 18-fold) in the 4 feeding strategies including rangeland grazing in comparison to those that did
not (grassland and control). Within the feeding strategies including rangelands, the amount of ter-
penes was comparable, regardless of the duration of the grazing on rangelands or the amount
of hay and concentrates fed, certainly because grazing goats are very plant selective.

The concentrations of 6:0 and 8:0 were decreased by increasing grazing on grasslands with the
same amount of hay distributed. This result, in accordance with Chilliard et al. (2007), is linked
to a putative inhibitory effect of 18:3n-3 against mammary de novo synthesis of FA. The ¢9-16:1
concentration was the highest in the feeding strategies including grasslands pasture and high
amounts of hay and concentrate in the diet. The highest c11-18:1 concentration was observed
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with high amounts of hay and concentrates. The t11¢15-18:2 concentration was numerically lo-
wer in feeding strategies including high amount of hay and concentrate in the diet, suggesting
that 18:2n-6 from concentrate could limit the ruminal biohydrogenation (RBH) of 18:3n-3 (Chi-
lliard et al., 2007). The 20:0 and 22:0 were the highest when goats grazed rangelands and when
hay supplementation was low. The 20:4n-6 concentration tended to increase with the duration of
rangeland grazing rich in aromatic plants. We can suppose that secondary metabolites of these
plants could limit the RBH of this FA.

Rangeland grazing managed
by shepherd
High w.‘m.
biodiversity of
rangelands :

“| / Rangeland "\

,“' grazing h/d 1) SFA except C>17

\ Concentrates /
UFA and SFA218:0 /
\ Low biodiversity - ° Free grazing on rangelands
~——_ofrangelands @

At - 2N

Fig. 1. PCA on cheese FA and terpene composition and projection of the
farmers’ practices.

The first plot of the PCA (Fig. 1) shows the independence between the FA, mainly correlated with
PC1 (most SFA on the positive side of the PC and most UFA on the negative side) and the ter-
penes mainly correlated with PC2. Cheese terpenes, that reveal the ingestion of aromatic plants
rich in secondary metabolites (Tornambe et al., 2006), were the highest when rangelands were
the most diverse and when rangeland grazing was managed by the shepherd.

IV — Conclusions

The results of this trial showed that the main drivers of the Pélardon cheese composition of FA
are the grazing on grasslands and the amount of hay and concentrates fed. The feeding strate-
gies we defined didn’t reveal the ingestion of plants rich in terpenes as those commonly found in
Mediterranean rangelands. When grazing on rangelands, the drivers of this ingestion seem to be
mainly the shepherd’s management of goats and the rangeland biodiversity and in a lesser ex-
tent, the quantitative duration of the grazing and the amount of hay and concentrates fed. These
results may help the farmers to exploit in an optimal way the diversity of the local resources so
that cheeses’ characteristics reflect the richness of the “terroir”.
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Abstract. Thymus capitatus (Lamiaceae) is used traditionally by people as spices and was reported to pos-
sess some biological effects. The objective of this study was to evaluate the anthelmintic efficacy of T. capi-
tatus in comparison to albendazole against the gastrointestinal (Gl) nematodes of sheep. To fulfil the objec-
tives, In vitro anthelmintic activities of crude aqueous (CAE) and ethanolic extracts (CEE) of aerial parts of T.
capitatus were investigated on the egg and adult nematode parasite Haemonchus contortus. Both extract ty-
pes of T. capitatus inhibited hatching of eggs completely at a concentration close to 2mg/ml. LC50 of ethano-
lic extract of T. capitatus was 0.368 mg/ml while that of aqueous extract was 6.344 mg/ml. There was statis-
tically significant difference between aqueous and ethanolic extracts (p < 0.05). The ethanolic extract showed
better in vitro activity against adult parasites than the aqueous one in terms of the paralysis and/or death of
the worms at different hours post-treatment (PT). Dose dependent activity was also observed for both extract.
As far as the literature could be ascertained, there is no published report on anthelmintic activity of T. capi-
tatus. The results of the present study suggest that T. capitatus extracts are a promising alternative to the
commercially available anthelmintics for the treatment of GI nematodes of small ruminants.

Keywords. Thymus capitatus — Anthelmintic — Haemonchus contortus — Tunisia.

Activité anthelminthique in vitro du Thymus capitatus du sud de la Tunisie sur les parasites gastro-
intestinaux du mouton

Résumé. Thymus capitatus (Lamiaceae) est traditionnellement utilisée comme épice et a été signalée pos-
séder des effets biologiques. L'objectif de cette étude était d’évaluer I'efficacité anthelminthique de T. capita-
tus par rapport a I'albendazole contre les nématodes gastro-intestinaux (Gl) des ovins. Pour atteindre ces
objectifs, les activités in vitro des extraits bruts aqueux et éthanoliques des parties aériennes de la plante ont
été testées sur les ceufs et les vers adultes d’Haemonchus contortus. Les deux types d’extraits ont inhibé
totalement I'éclosion des ceufs a une concentration proche de 2 mg/ml. Les DL50 de I'extrait éthanolique et
de l'extrait aqueux de T. capitatus étaient 0,368 mg/ml et 6,344 mg/ml respectivement. Il y avait une diffé-
rence statistiquement significative entre les extraits aqueux et éthanoliques (p < 0,05). En outre, I'extrait étha-
nolique a montré une meilleure activité in vitro contre les parasites adultes que I'extrait aqueux en termes de
paralysie et / ou de mort des vers a différentes heures post-traitement. Cet effet dose dépendant a égale-
ment été observé pour les deux I'extraits. Les résultats de cette étude révelent que les extraits de T. capita-
tus peuvent représenter une alternative prometteuse aux anthelminthiques purement chimiques pour le trai-
tement des nématodes gastro-intestinaux des petits ruminants.

Mots-clés. Thymus capitatus — Anthelminthique — Haemonchus contortus — Tunisie.
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| — Introduction

The genus Thymus (Lamiaceae), which comprises about 215 species, is particularly prevalent in
the Mediterranean area (Hazzit et al., 2009). Thymus capitatus is known in Tunisia as “Zaatr”
and was commonly used as spices and was reported to possess some biological effects such as
antibacterial (Essawi and Srour, 2000), antiviral, and antioxidant activities (Miura and Nakatani,
1989; Ines et al., 2012).

As far as the literature could be ascertained, there is no published report on anthelmintic activity
of T. capitatus. In the present study, an experiment was performed to test in vitro anthelmintic effi-
cacy of crude aqueous and ethanolic extracts of aerial parts of T. capitatus when compared to a
reference drug albendazole against Haemonchus contortus.

Il — Material and methods

Plant material, collection and preparation. Fresh plants were collected in June 2011 from a local
farm at Matmata, local government area of Gabes, Tunisia. Leaves, stems and flowers were sepa-
rated and thoroughly rinsed in running tap water. The stems were cut into chunks, and all of the
plant material was air dried at room temperature for a period of 14 days and pulverized. The aerial
parts of the plant (leaves, stems and flowers) were air-dried and finally ground to a fine powder.

Preparation of extracts. Both crude aqueous and ethanolic extracts were used. Thus, dried and
finely powdered aerial parts of T. capitatus (100 g) were sequentially extracted by maceration with
distilled water at room temperature (20-25°C, 3 x 500 ml). The aqueous extract was collected and
filtered by Whatman No.1 filter paper and then lyophilized (Alawa et al., 2003). For the ethanolic
extract, 200 g of powdered plant were added to 500 ml of 95° ethanol. The resulting mixture was
incubated for 16 hours at room temperature and frequently agitated before being filtered through
Whatman No. 4 filter paper. The process is repeated 3 times. Then, all the solvent was evaporat-
ed in Rotavapor. All extracts were concentrated, dried and kept in the dark at 4°C until tested.

In vitro anthelmintic assays — Egg hatch assay. Eggs used in the present assay were col-
lected from donor sheep according to World Association for the Advancement of Veterinary Pa-
rasitology (WAAVP) guidelines (Coles et al., 1992). Fresh eggs were then washed repeatedly
with distilled water. Aqueous and ethanolic extracts of the leaves of T. capitatus were used as the
test treatment. Albendazole (99.8% pure standard reference) was used as the reference drug
(positive control) while untreated eggs in PBS (Phosphate Buffered Saline) with DMSO (Dimethyl
sulfoxide) (0.5%) were used as negative control. In the assay, approximately 200 eggs in 1.5 ml
of PBS were placed in each test tube. Aqueous and ethanolic extracts of T. capitatus at concen-
trations of 2.0, 1.0, 0.5, 0.25, 0.125 and 0.0625 mg/ml in a total volume of 0.5 ml in PBS and
ethanolic extracts at same concentrations in a total volume of 0.5 ml in PBS with DMSO (0.5%)
were used. Albendazole was dissolved in DMSO and diluted at the concentrations of 1 pg/ml.
The test tubes were then covered and kept in incubator at 27°C for 48 h. The experiment was
replicated four times for each concentration. Hatched larvae (dead or alive) and un-hatched eggs
were then counted under dissecting microscope with 40x magnification.

In vitro anthelmintic assays — Adult worms motility assay. This test was performed accord-
ing to Hounzangbe-Adote et al. (2005). Adult worms were collected from an experimentally infect-
ed lamb, 6 weeks after infection. Immediately after slaughtering, the abomasum was removed,
opened and placed in 37° C saline. The collected parasites were then washed and kept in PBS.
Five to ten actively moving worms were placed in petridishes filled with 2.0, 1.0, and 0.5 mg/ml
of the aqueous and ethanolic extracts of T. capitatus respectively in PBS and in PBS with DMSO
(0.5%) in a total volume of 4 ml. PBS with DMSO (0.5%) was used as a negative control.
Albendazole dissolved in DMSO and diluted in PBS at the concentrations of 0.5 mg/ml was used
as a positive control. Three replicates were performed for each treatment. Inhibition of worm mo-

252 Options Méditerranéennes, A, no. 109, 2014



tility was the rationale for anthelmintic activity. The time required for paralysis or complete inac-
tivity and mortality was recorded at 0, 2, 4 and 8 h intervals. After 8h the extracts and albenda-
zole were washed away and parasites resuspended in luke warm PBS for 30 min to test the re-
vival of the worm motility. The number of motile (alive) and immotile (dead) worms were counted
under dissecting microscope, and recorded for each concentration. Death of worms was ascer-
tained by absence of motility for observation period of 5-6 s. A mortality index was calculated as
the number of dead worms divided by the total number of worms per petridish.

Statistical analysis. The statistical analysis was performed using the SPSS-10.0 software pack-
age for Windows. LC, for egg hatch inhibition was calculated by probit analysis. Regression was
used for evaluation of dose-response relationship using Minitab® Release 14. The result of the
worm motility inhibition was expressed as mean * standard error of mean (S.E.M). Means of an-
thelmintic efficacy were compared by student’s t test. A probability of 0.05 was used as a thresh-
old for statistical significance.

Il — Results and discussion

1. Egg hatch assay

The results of H. contortus egg hatching inhibition by aqueous and ethanolic extracts of T. capi-
tatus are presented in Figure 1. In PBS less than 2% eggs did not hatch. With the albendazole
concentration used, 92.05% eggs incubated did not hatch. Both extracts showed ovicidal activi-
ty in all tested concentrations and the histogram evolution showed dose dependency (P<0.05).
Statistical differences (P<0.05) were also observed among two types of extracts.

Crude ethanolic extract (LC50 = 0.368 mg ml') was found to have higher inhibitory effects com-
pared with that of aqueous extract (LC50 = 6.344 mg mI") on egg hatching.

Both extracts of T. capitatus inhibited egg hatching at lower concentration compared to some me-
dicinal plants studied previously, for instance, 7.1 mg/ml of aqueous extract of Annona senegalen-
sis inhibited only 11.5% eggs (Alawa et al., 2003) and methanol extract of Spigelia anthelmia in-
duced 97.4% egg hatch inhibition at concentration of 50 mg/ml (Assis et al., 2003).

Percent O Aqueous extract
Percent
imlibition (%) O Ethanolic extract

0.0625 0.125 0.25 0.5 1 2
Concentrations (mg .ml1)

Fig. 1. Dose-dependent profile of the percent hatching egg of Haemonchus
contortus submitted to the six increasing concentrations of plant
extracts (0.0625, 0.125, 0.25, 0.5, 1 and 2 mg/ml).

2. Adult worm motility

The ethanolic extract of T. capitatus killed more worms than the aqueous extract in all tested con-
centrations. Dose dependent activity was also observed for both extract. The ethanolic extract
induced 100% mortality at the highest concentration tested while the aqueous extract induced
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85.71% at the same concentration (Table 1). There was 78.04% mortality of worms in albendazo-
le (used as a reference drug) within 8 h post-exposition. There was 13.63% mortality of worms kept
in PBS with DMSO 0.5% observed 8 h post-exposition.

Table 1. In vitro anthelmintic efficacy of crude aqueous and ethanolic extracts of Thymus capitatus on

Haemonchus contortus of sheep

Percent of Haemonchus contortus worms showing mortality

Treatment Concen;raltions post-exposure to various treatments (Mean + SEM)
mg/m
N Oh 2h 4 h 8h
Crude aqueous extract 0.5 0+0.00 0+0.00 3.57 £ 0.036 21.42 £ 0.089
1 0+0.00 9.09 £ 0.06 31.83 £ 0.099 68.21 £ 0.087
2 0£0.00 37.01 £ 0.105 45.71 £ 0.084 85.71 £ 0.128
Crude ethanolic extract 0.5 0£0.00 0+0.00 16.66 £ 0.089 33.33 £ 0.108
1 0£0.00 33.33+0.125 50 £ 0.136 66.66 £ 0.177
2 0+0.00 76.92 + 0.102 84.61 £ 0.25 100 £ 0.00
Albendazole 0.5 0+0.00 0+ 0.00 12.5 £ 0.051 78.04 £ 0.061
PBS with DMSO 0.5% 0 +0.00 0+0.00 0+ 0.00 0+ 0.00

Several studies have revealed that the effect of plant extracts on adult worms can occur only at the
highest concentration, for example: methanolic extract of Euphorbia helioscopia L induce highest
nematode mortality (98%) at 50 mg/ml (Bashir et al., 2012). The greater anthelmintic activity of
crude ethanolic extracts than crude aqueous extracts could be due to easier and rapid transcuticu-
lar absorption of the ethanolic extract into the body of the worms owing to its lipid soluble nature.

IV — Conclusion

Based on the results of the present study, it can be concluded that T. capitatus aerial parts tested
in the form of crude aqueous and ethanolic extracts showed significant in vitro anthelmintic activ-
ity at concentrations and doses tested against ovine nematodes as determined by worm motility
inhibition and egg hatching inhibition of H. contortus. These findings suggest that T. capitatus could
form an alternative to commercially available synthetic anthelmintics. Further investigations are
needed to determine the exact active components against helminths and to test it in vivo for a po-
tential commercial development.
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Abstract. This study aimed to determine the effect of oral administration of essential oils (EOs) extracted
from the foliage of Artemisia herba alba (ART) and Rosmarinus officinalis (ROS) to Sicilo-sarde ewes on milk
yield and quality. Thirty ewes were divided into three equivalent groups on the basis of liveweight, lactation
rank and litter size, and housed in individual boxes. Each animal received oat hay and barley silage ad libi-
tum and 500 g of concentrate for 60 days. The control group did not receive EOs, whereas the ART group
was drenched with 200 mg of Artemisia EOs/kg DM intake and those of the ROS group with 200 mg of
Rosmarinus EOs/kg DM intake. Neither ART nor ROS essential oils affected the rumen fermentation param-
eters in ewes. Drenching feeds with ART essential oils increased milk density, fat-free dry matter content,
total protein, and polyunsaturated fatty acids. It also increased the concentrations of blood triglycerides and
total protein. These results suggest that the administration of ART EOs impacted positively on milk quality of
dairy ewes, however, ROS EOs were ineffective. Further studies would be required to define the mechanism
explaining such positive effect.

Keywords. Dairy ewe — Essential oils — Rumen fermentation — Milk.

Qualité et production du lait chez les brebis de race Sicilo-sarde recevant par voie orale les huiles
essentielles d’Artemisia herba alba et Rosmarinus officinalis

Résumé. L'objectif de cet essai est d’étudier I'effet de I'administration orale de 200 mg/Kg de MS ingérée
d’huiles essentielles (HE) d’Artemisia herba alba (ART) et Rosmarinus officinalis (ROS) a 30 brebis de race
Sicilo-sarde sur la qualité du lait. Les brebis ont été divisées en trois groupes égaux et homogenes sur la base
du poids vif, du numéro de lactation et de la taille de la portée. Elles ont été logées dans des boxes individuels.
Chaque animal a regu pendant 60 jours du foin d’avoine et de I'ensilage d’orge ad libitum et 500 g de concen-
tré. Le groupe témoin n’a pas regu d’HE, les deux autres groupes ont regu respectivement les huiles essen-
tielles de ROS et d’ART. L’ajout des huiles essentielles n’a pas affecté les parametres de fermentation rumi-
nale chez la brebis, par ailleurs, les brebis qui ont regu les huiles essentielles d’ART ont montré une aug-
mentation de la densité du lait, de la teneur en matiere seche dégraissée, des protéines totales, des acides
gras polyinsaturés et d’autres acides gras. Le méme effet a été enregistré au niveau des triglycérides san-
guins et des protéines totales. Ces résultats suggerent que, contrairement aux HE de ROS qui se sont avé-
rées inefficaces, I'administration des HE d’ART présente un impact positif sur la qualité du lait de brebis lai-
tieres. D’autres études devraient étre envisagées pour identifier le mécanisme expliquant cet effet positif.

Mots-clés. Brebis — Huiles essentielles — Fermentation ruminale — Lait.

| — Introduction

The importance of the milk from sheep and goat to human health, and its added value for house-
hold livelihoods have been proven. To improve the quality and production of this commodity many
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feed additives has been investigated. Plant derived essential oils (EO) could be used to improve
the efficiency of nutrient utilization and performance in ruminants and to reduce the environmen-
tal impact of gases generated from feed digestion. The composition and active compounds in
EOs vary among plant species thus animal response to the administration of EOs varies accord-
ingly (Benchaar et al., 2008). However, literature data on dairy sheep response to the adminis-
tration of EOs are scarce and the available data are not conclusive (Chaves et al., 2008). The
objective of the current study was to determine the effects of drenching Sicilo-sarde dairy ewes
with EOs extracted from Rosmarinus officinalis (ROS) and Artemisia herba alba (ART) on rumen
fermentation parameters, blood parameters and milk production and composition.

Il — Materials and methods

Thirty Sicilo-sarde ewes were randomly selected and divided into three equivalent groups on the
basis of live weight, lactation number and litter size. They were housed in individual boxes and re-
ceived oat hay and barley silage ad libitum and 500 g of concentrate (800 g/kg of ground barely,
175 g/kg of soybean meal and 25 g/kg of commercial mineral and vitamin supplement) for 60 days.
Essential oils were extracted from Rosmarinus officinalis and Artemisia herba alba vegetation by
hydrodistillation during 6 hours using an apparatus similar to Clevenger (Moyse and Paris, 1967).
The compounds in EOs mainly represented by monoterpenes and sesquiterpens, were analysed
using a gas chromatograph coupled to a mass spectrometer. The control group (Clt) did not receive
EOs, whereas the ART group was drenched daily with 200 mg of EOs/kg DM intake, while the ROS
group was drenched with 200 mg of ROS EOs/ kg DM intake. In day 50 about 20 ml of rumen fluid
were collected from all ewes before feeding (0h) and after (3h) post-feeding, using a stomach tube.
The pH of the rumen fluid was immediately determined, protozoa number were determined using
Malassez chamber. Ammonia nitrogen (NH3-N) was analysed according to Weatherburn (1967).
Blood samples were withdrawn, on day 46, before feed distribution, plasma was collected after cen-
trifugation and analyzed for glucose, triglycerides, urea and total proteins using Biomaghreb kits.
The milk yield of each ewe was recorded daily, individual milk samples, collected weekly, were ana-
lyzed for fat, protein, density, salt and lactose by infrared spectroscopy. The chromatographic analy-
ses of fatty acids (FA) were performed using GC/FID. Data corresponding to ewe response to EOs
(Tables 1 and 2) were subjected to analysis of variance using the GLM procedure and differences
between means were detected using the LSMEANS procedure.

Ill — Results and discussion

Supplementation with EOs did not affect (P>0.05) rumen pH, protozoa count and NH;-H concen-
tration in the rumen fluid (Table 1). There was a tendency (P = 0.07) towards a decrease of NH;-H
at 3h post-feeding for ewes drenched with ART EOs. EOs are rarely reported to affect NH,;-H con-
centration in vivo with diets similar to those used in the current study (Giannenas et al., 2011;
Benchaar et al., 2008; Tager and Kraus, 2011). However, our findings are in agreement with the
in vitro results reported by Newbold et al. (2004), which observed a decrease in the rate of NH3-
N production when rumen contents of cows or sheep supplemented with EO incubated for 24 to
48 h in strained ruminal fluid. Total protein and triglycerides in blood increased by the supplemen-
tation of ART EOs. Little information is available on the effect of EOs and their compounds on
blood metabolites. Milk yield was not affected by the addition of EOs. This finding is in line with
other studies on dairy cattle and cows (Benchaar et al., 2007 and 2008, Tager and Kraus 2011).
The lack of effect of EO and their active components on milk performance was consistent with the
absence of effects of these plant extracts on feed intake and ruminal fermentation.

The composition of milk is given in Table 2. Fat-free dry matter content, density, protein and medi-
um chain fatty acids (MCFA) increased (P<0.05) with ART EOs supplementation, but fat tented to
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decrease (P = 0.07) and lactose tended to increase (P=0.05). In the contrast, all these parameters
were not affected by ROS EOs. These results are in agreement with those of Benchaar et al. (2006),
who did not note any changes in milk yields, proteins and lactose contents of cows fed up to 2 g/d
of EOs. Polyunsaturated fatty acids (PUFA) decreased in ROS ewes, and increased in ART group.
Several Gram-positive bacteria are involved in ruminal biohydrogenation of dietary unsaturated FA
(Harfoot and Hazlewood, 1988). Therefore, feeding EO could reduce biohydrogenation of FA by
reducing the number and the activity of bacteria involved in the biohydrogenation of unsaturated FA.
Benchaar et al. (2007) concluded that the supplementation of cows with 750 mg of EOs daily had
no effect on milk FA profile. However, supplementing the same mixture at a higher dose (2 g/day)
increased the proportion of conjugated linoleic acid. The increase of PUFA indicates that ART EOs
could be used as a natural additive to improve milk fat nutritional properties for humans.

Table 1. Effects of essential oil supplementation on fermentation parameters and blood
metabolites in dairy ewes

Control ART ROS SEM* P-value

pH

Oh 6.7 6.84 6.73 0.05 0.17

3h 6.46 6.33 6.44 0.05 0.14
Protozoa (x10%/ml)

Oh 1.18 1.11 1.23 0.13 0.83

3h 0.41 0.43 0.42 0.07 0.98
NH,-N (mg/dl)

Oh 9.17 10.83 9.44 0.99 0.45
3h 14.5 9.92 12.98 1.38 0.07
Total protein (g/l) 63.442 83.37>  80.30° 2.91 <0.0001
Triglycerides (mmol/l) 0.122 0.22° 0.122 0.02 0.01
Milk production (ml) 369.90 350.45 375 20.05 0.66

ART: Artemisia herba Alba, ROS: Rosmarinus officinalis, *SEM, standard error of the mean.

Table 2. Milk quality and composition in dairy ewes

Control ART ROS SEM* P-value

Fat (%) 8.91 7.71 9.04 0.42 0.07
Fat-free dry matter content (%) 8.392 9.79P 8.5020 0.37 0.03
Density (kg/cm3) 10252 1030.85° 1025.282 1.37 0.01
Protein (%) 2.622 3.20° 2.652 0.13 0.01
Lactose (%) 4.93 5.63 5 0.2 0.05
Fatty acids

MCFA 53.242 59.20P 55.872b 1.3 0.01

LCFA 5.03 6.9 7.02 1.58 0.63

MUFA 11.43 10.35 8.42 1.7 0.45

PUFA 2.502 2.748 2.05P 0.18 0.03

ART: Artemisia herba alba, ROS: Rosmarinus officinalis, *SEM, standard error of the mean.
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IV — Conclusion

It is concluded that the administration of ART and ROS EOs at 200 mg/kg DM intake to Sicilo-
sarde ewes did not affect milk yield. However, drenching ewes with ART essential oils increased
milk density, fat-free dry matter content, total protein, and PUFA.

Further studies should be emphasized to identify the mechanism explaining such positive effect.
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Abstract. An experiment was carried out to study the effect of incorporation of dried and partly destoned olive
cake (OC) on lamb fattening performance and carcass characteristics. Twenty-four Moroccan synthetic breed
lambs were randomly divided into four treatments of six lambs each: Control, OC10%, OC20% and OC30%.
Lambs from the last three treatments were fed on a concentrate containing 10%, 20% and 30% of OC (DM
basis), respectively. All diets were iso-nitrogenous and iso-energetic. After a 15-day adaptation period to the
experimental diets the trial was run for 75 days. Lambs were weighed at the beginning and at the end of the
trial, and fortnightly. At the end of the experiment all the lambs were slaughtered, and the carcass dressing
percentage, fatness and conformation (SEUROP system) were measured. The incorporation of OC in the diet
did not affect either the lamb fattening performance or carcass characteristics (P>0.05). Average daily gain
during the whole period was 215, 244, 246 and 226 g/d for Control, OC10%, OC20% and OC30%, respec-
tively, whereas the warm dressing percentage was 46.6%, 48.0%, 48.7% and 48.2%. Average carcass con-
formation was R, and fatness averaged 2.45 points on a 1-5 scale.

Keywords. Olive cake — Lamb — Fattening — Carcass.

Effet de I’incorporation des grignons d’olive sur les performances d’engraissement et les caractéris-
tiques de la carcasse des agneaux

Résumé. L'objectif de cet essai était d’étudier I'effet de I'incorporation des grignons d’olive séchés et par-
tiellement dénoyautés (OC) sur les performances d’engraissement et les caractéristiques de la carcasse des
agneaux. Vingt-quatre agneaux de race synthétique marocaine ont été répartis aléatoirement selon quatre trai-
tements en quatre groupes de six agneaux chacun, appelés, respectivement “Control” ; “OC10%” ; “OC20%”
et “OC30%"“. Les agneaux des trois derniers traitements recevaient des rations contenant, respectivement,
10%, 20% et 30% de grignons d’olive. Tous les régimes étaient iso-azotés et iso-énergétiques. L'essai a duré
75 jours précédé d’'une période d’adaptation aux régimes expérimentaux de 15 jours. Les agneaux ont été
pesés au début et a la fin du I'essai et tous les 15 jours. A la fin de I'essai, tous les agneaux ont été abattus
et le rendement, I'état d’engraissement et la conformation de la carcasse (systeme SEUROP) ont été mesu-
rés. Lincorporation de grignons d’olive n’a affecté ni les performances d’engraissement ni les caractéris-
tiques de la carcasse des agneaux (P> 0,05). Le gain moyen quotidien durant toute la période de I'essai a été
de 215, 244, 246 et 226 g/j, respectivement, pour les traitements “Control”, “OC10%”", “OC20%” et “OC30%”,
tandis que le rendement a été de 46,6% ; 48,0% ; 48,7% et 48,2%. La conformation et I'état d’engraissement
des carcasses a été, respectivement, R et 2,45 en moyenne pour tous les traitements.

Mots-clés. Grignons d’olive — Agneaux — Engraissement — Carcasse.

| — Introduction

In Morocco, small ruminant farming plays an important socio-economical role. It is considered as
one of the main sources of income to farmers. However, the rainfall irregularity (drought), range-
land degradation and expensiveness of supplements affect negatively the productivity and there-
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fore the farmers’ income. The use of alternative feed resources such as local agro-industrial by-
products can be considered as a solution to reduce feeding costs. Among these by-products,
olive cake may be used and integrated in small ruminant feeding without affecting animal pro-
ductivity (Ben Salem and Znaidi 2008; Molina-Alcaide and Yafnez-Ruiz, 2008; Hadjipanayiotou,
2000; Chiofalo et al., 2004; Keli et al., 2009). Despite the large amounts of olive cake produced
in Morocco, its use in animal feeding is limited. The objective of the present work was to study
the effect of the incorporation of olive cake in the diet of lambs on fattening performance and car-
cass characteristics in order to optimize its integration in small ruminants feeding.

Il — Material and methods

Twenty four Moroccan synthetic breed weaned lambs (entire males), with an average initial live
weight of 23.0 + 0.52 kg and about 90 days of age, were randomly assigned to four treatments (6
animals per treatment) consisting in incorporation of different proportions of dried and destoned
olive cake in the diet. Animals consumed a basal diet of alfalfa hay (0.55kg DM/head/day) and a
concentrate composed of maize grain, barley grain, sunflower meal and mineral-vitamin premix.
Barley grain was partially replaced (DM basis) by 10%, 20% and 30% of olive cake for OC10%,
0C20% and OC30% treatments, respectively (Table 1). Diets were formulated to be iso-energetic
and iso-nitrogenous and meet nutrient requirements of growing weaned lambs (Bocquier et al.,
1988). After a 15-day adaptation period to the experimental diets the trial was run for 75 days.
Free clean water was available at all times.

Table 1. Composition of concentrates

Treatment
Ingredient (%, DM weight basis)
Control 0C10%  0OC20% 0C30%

Barley grain 57 50 42 35
Maize grain 16 16 14 13
Sunflower meal 26 24 22 21
Olive cake 0 10 20 30
Vitamin-mineral premix 1 1 1 1

0OC10%: Concentrate containing 10% of dried and partly destoned olive cake; OC20%:
Concentrate containing 20% of dried and partly destoned olive cake; OC30%: Concen-
trate containing 30% of dried and partly destoned olive cake.

Lambs were weighed before morning feeding, at the beginning and the end of the trial, and fort-
nightly.

At the end of the experiment, and after a fasting period of 24 h, all lambs were weighed (slaugh-
ter live weight: SLW) and slaughtered, and carcass weight was determined immediately (Hot
Carcass Weight: HCW) to determine the dressing percentage (100* HCW/SLW). After an over-
night chill (24 h at 4°C), cold carcass weight (CCW) were recorded in order to determine the cold
carcass dressing percentage (100* CCW/SLW), the fatness degree (1 to 5) and carcass confor-
mation according to the SEUROP system (Cafieque and Safiudo, 2005).

The effect of different incorporations of olive cake on fattening performance and carcass charac-
teristics was analyzed by means of a one-way analysis of variance according to the model: Y, =
u + Ti + g; where Ti represents the treatment effect and ¢; the experimental error. The PRéC
GLM procedure of the SAS statistical package (version 8.01) was used for the analysis. Com-
parisons among mean values were tested using the LSD test.
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Il — Results and discussion

1. Fattening performance of lambs

Initial and final live weights, as well as average daily gain (ADG), are presented in Table 2. No
differences (P>0.1) in live weight were observed among treatments, although ADG during the first
30 days of fattening tended to be greater (P = 0.0517) for the lambs fed treatment OC20%. Lack
of differences between levels of olive cake in the diet is in line with the observations of Tufarelli
et al. (2013) and Sadeghi et al. (2009), although other studies have found that olive cake incor-
poration in lamb diets negatively affected ADG (Molina-Alcaide and Yafez-Ruiz, 2008). Olive
cake has also been incorporated in dairy sheep diets without negative effect on the production
performance and milk quality (Chiofalo et al., 2004; Pauselli et al., 2007).

The feed conversion was also not affected by diet (Table 2). The absence of a significant effect
may be is associated with a better feed efficiency of concentrates containing dried and partly
destoned olive cake for LW gain (Sadeghi et al., 2009). Similar results have been found by Vera
et al. (2013) and Tufarelli et al. (2013) in lambs fed diets containing olive cake.

Table 2. Fattening performance of lambs fed with increasing amounts of dried and partially destoned

olive cake
Treatment
Control 0C10% 0C20% 0C30% SEM P

Live weight (LW, kg)

Initial 23.3 22.8 22.8 22.9 1.10 0.9850

30 days 30.3 31.0 31.8 30.9 1.32 0.8695

75 days 39.4 41.0 41.3 39.9 1.62 0.8233
ADG (g/d)

0-30 days 233 274 300 264 15.9 0.0517

30-75 days 203 224 209 200 13.8 0.6245

0-75 days 215 244 246 226 12.6 0.2765
Feed conversion ratio

0-75 days 6.2 6.0 6.0 6.6 0.34 0.5420

0OC10%: Concentrate containing 10% of dried and partly destoned olive cake; OC20%: Concentrate containing
20% of dried and partly destoned olive cake; OC30%: Concentrate containing 30% of dried and partly destoned
olive cake; SEM: standard error of the mean; P: probability of the differences; ADG: Average daily gain.

2. Carcass characteristics

Carcass characteristics are given in Table 3. The analysis of variance revealed no significant effect
of the level of olive cake in the diet. Similar results were obtained in other studies with fattening
lambs fed a diet containing 20% (Tufarelli et al., 2013) or 33% (Vera et al., 2013) olive cake.

IV — Conclusions

The results of this experiment showed that lambs may be fed dried and partly destoned olive
cake at up to 30% of the concentrate during the fattening period without negative effects on fat-
tening performance and carcass characteristics. However, further trials should be carried out
involving aspects related to meat quality (chemical, physical and sensory parameters) in order to
complete the results obtained in this study.
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Table 3. Carcass characteristics of lambs fed with increasing amounts of dried and partially destoned

olive cake
Treatment
Control 0C10% 0C20% 0C30% SEM P
WCDP (%) 46.6 48.0 48.8 48.3 0.58 0.0902
CCDP (%) 454 46.8 47.2 46.8 0.61 0.1957
Fatness 2.4 25 2.4 25 0.11 0.8114
Conformation R R R R - -

OC10%: Concentrate containing 10% of dried and partly destoned olive cake; OC20%: Concentrate con-
taining 20% of dried and partly destoned olive cake; OC30%: Concentrate containing 30% of dried and part-
ly destoned olive cake; SEM: standard error of the mean; P: probability of the differences; WCDP: Warm
Carcass Dressing Percentage; CCDP: Cold Carcass Dressing Percentage.
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Influence of different alpine farming systems
on animal activities, heart rate, and milk
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Abstract. Over the past decades, different alpine farming systems have been adopted in order to use and
valorise the available alpine pastures: in traditional systems cows were typically sheltered and milked in the
barn (TP), but to reduce cost, on many alpine farms dairy cattle remain outdoors during the entire summer
period and are milked on pasture in a mobile milking parlour (EP). The findings reported here are based on
a study which aimed at comparing cows kept under these two conditions. Heart rate, milking characteristics
and daily activities were recorded from five Aosta Red Pied primiparous cows under TP-management and
eight under EP-management. Data were collected also before the alpine transhumance in order to assess
the ability of the animals to adapt. As soon as the EP-cows had free access to the pasture, they had a longer
eating time compared with TP-cows (treatment x time; P<0.01). Average heart rate was higher in EP-cows
compared with TP-cows especially in the idling phase (72.3 vs 67.0 beats/min; P<0.05). In conclusion, these
results suggest that, although average milk yield remained unaffected, EP-cows spent more time for feed
intake, but probably also consumed more energy, as is indicated by the higher heart rate.

Keywords. Dairy cattle — Animal activity — Heart rate — Milking yield — Alpine pasture system.

Influence de différents systémes de gestion des alpages sur I'activité des animaux, le rythme car-
diaque et la production de lait des vaches primipares

Résumeé. Au cours des dernieres décennies, différents systemes de gestion des alpages ont été adoptés afin
d’utiliser et de valoriser les ressources fourrageres de haute montagne : dans les conditions traditionnelles,
les vaches sont abritées et traites a I'étable (TP), mais pour réduire les colts, dans de nombreux alpages,
les vaches laitieres restent a I'extérieur durant la période estivale et elles sont traites a I'aide d’un chariot de
traite mobile (EP). Les résultats présentés ici sont basés sur une étude qui visait a comparer les vaches gar-
dées dans ces deux conditions. La fréquence cardiaque, les caractéristiques de traite et I'activité journaliére
ont été enregistrées sur cinq primipares de race Pie Rouge Valdétaine (gestion TP) et sur huit primipares en
gestion EP. Les données ont été recueillies aussi avant la montée en alpage afin d’estimer la capacité
d’adaptation des animaux. Dés que les vaches EP avaient libre acces a la pature, elles ont eu un temps d’in-
gestion supérieur par rapport aux vaches TP (traitementxtemps; p<0,01). La fréquence cardiaque moyenne
était plus élevée chez les vaches EP par rapport aux vaches TP en particulier dans la phase de repos (72,3
vs 67,0 battements/min; p<0,05). Ces résultats suggerent que, bien que la production de lait moyenne soit
demeurée inchangée, les vaches EP péturait plus longtemps, mais consommaient aussi probablement plus
d’énergie, comme l'indique la fréquence cardiaque plus élevée.

Mots-clés. Vaches laitieres — Activités journalieres — Fréquence cardiaque — Production laitiere — Gestion
d’alpage.
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| — Introduction

The Aosta Valley comprises an alpine region in the very North-West part of Italy, situated at the
borders with Switzerland and France. Surrounded by the highest Alpine peaks, it is characterized
by an average altitude of 2100 meters (Cerutti, 2006). Although the economy of the region is
based on tourism, agriculture contributes and supports it directly through very high quality food
products and indirectly by playing a crucial role on the landscape maintenance. Nevertheless,
agro-pastoralism is a real challenge for the valley. The livestock systems are characterised by
dairy farms: the animals spend the winter in lowland farms fed with hay until the summer tran-
shumance, called inalpe, starts. On the alpine pastures, traditionally cows are sheltered and
milked in the barn twice a day (TP). However, to reduce costs, on some alpine farms dairy cattle
now remain outdoors during the entire summer period and are milked on pasture in a mobile milk-
ing parlour (EP), a practice also applied in Switzerland and France (Berard et al., 2013). In the
Aosta Valley, because of the very strong link with traditions and cultural heritages, this fully out-
door system was not accepted by the livestock keepers. Because the restoration of the alpine
barn is often too expensive, agro-pastoralism is progressively abandoned and the number of cat-
tle farms is decreasing. The Institut Agricole Régional (IAR) set itself the goal to rehabilitate an
abandoned mountain pasture using a fully outdoor management system as a demonstration proj-
ect. A second aim was to investigate productive and physiological parameters of indigenous cows
kept under traditional and experimental conditions.

Il — Materials and methods

From two herds comprising more than 60 Aosta Red Pied cows, 13 primiparous cows, five under
TP-management and eight under EP-management, were selected and equipped with Polar Equi-
ne Science® (Polar Electro, ltaly) cardio belts for recording heart rate and a MSR Electronics
(Henggart, Switzerland) chewing sensor. The latter device records and discriminates between ru-
mination, eating and idling activities during 24 hours (Nydegger et al., 2011). The number of ani-
mals used in the TP condition was smaller compared with the EP condition because a previous
experiment conducted in the same management systems has revealed a larger variance of the
data of EP compared with the TP cows (Berard et al., 2013). On the experimental animals, also
a Lactocorder® (WMB AG, Balgach, Switzerland) was applied during milking to record milking
characteristics. Data were collected, on a representative day every 3 weeks from April to August
2013, a period which included the time before the alpine transhumance in order to determine the
ability of the animals to adapt (cf. Fig. 1).

After the transition period where the animals still were in the lowland barns, cows kept under TP
were sheltered and milked in the barn twice a day and had free access to fresh highland alpine
grass, approximately 4 h in the morning and 2 h in the evening. Conversely, in EP cows remained
outdoors during the entire day and night and were milked on pasture in a mobile milking parlour.
Hay, fresh grass and pastures were chosen to offer similar forage quality to the two groups. Re-
presentative forage samples were taken every 3 weeks at the general sampling days and were
analysed by near-infrared spectroscopy for contents of dry matter, crude protein, ether extract,
neutral detergent fibre, acid detergent fibre and acid detergent lignin. Data were subjected to
analysis of variance using the MIXED procedure of SAS (version 9.1 Inst. Inc., Cary, NC) by in-
cluding treatment (EP and TP), time (A to G) and their interaction as fixed effects. Time was con-
sidered as repeated factor, with animals nested within treatment as subject.
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Fig. 1. Sampling schedule applied for the primiparous cows in the two expe-
rimental treatments (EXP), the traditional management system (TP)
and the experimental management system (EP). Samplings A and B
correspond to the lowland farm when animals were fed with hay;
samplings C and D correspond to the lowland farm when animals
were in a transition period and fed with hay and fresh grass/pasture;
samplings E, F and G correspond to alpine pasture systems.

Ill — Results and discussion

The quality of the forage offered (in the barn or on the pasture) to both groups did not differ (P>0.2)
in any of the parameters analysed. This aspect allowed a direct comparison of the two manage-
ment systems, albeit they were located in two different places. No differences in eating time were
observed when both groups were feed in the barn with hay (average data at time points A and B:
EP-cows 253 vs TP-cows 294 min/day; P> 0.10). As soon as the EP-cows had free access to the
pasture, from the morning until the evening milking time, during times C and D and day and night
during times E, F and G, they ate for a longer time compared with the TP-cows (time C: 358 vs
268 min/day; time D: 373 vs 303 min/day; treatment x time; P<0.01). This was also true in the
alpine management system (time E: 304 vs 229 min/day; time F: 370 vs 294 min/day; treatment
x time; P<0.01). Troxler and Jans (1992) reported that cattle in a full outdoor management system
are able to optimise their intake by alternating periods of grazing and rest depending on pasture
forage supply and weather conditions; this much better than cows with restricted access to pas-
ture. However, this difference in ingestion did not find a correspondence in the daily rumination
time or the rumination time per bolus (respectively P>0.52 and P>0.35) in the present experiment.

Milk yield did not significantly differ between the two management systems (effect of treatment;
P>0.10), maybe because of the small number of animals observed. Yield progressively decreased
as cows were approaching the end of lactation (effect of time; P<0.01). Nevertheless, the average
milk yield fluctuation over time was larger in EP-cows compared with TP-cows (Fig. 2).

The differences in the ingestion time and the lack of difference in milk yield suggest that the ener-
gy expenditure of EP-cows, caused by the efforts of thermoregulation, but also by external fac-
tors (insects, noise and environmental stress) was higher compared with that of the TP-cows.
Costa et al. (1990) reported that milk production remains unchanged when dairy cattle are driv-
en in a permanent pasture, despite a longer duration of ingestion and restricted transfer. This
hypothesis was confirmed for the present study by the average heart rate that did not differ when
both groups were sheltered and milked in the barn (average data on the times A and B: EP-cows
65.6 vs TP-cows 65.3 beats/min; P>0.36), but was later significantly higher in EP-cows compared
with TP-cows, especially in the idling phase (74.5 vs 67.8 beats/min; P<0.05).
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Fig. 2. Effect of management system (EP-cows: blue; TP-cows: red) and
time (A, B: lowland farm, fed with hay; C, D: transition period in
lowland farm, fed with hay and fresh grass/pasture; E, F, G: alpine
pasture systems) on milk yield per milking time.

IV — Conclusions

In conclusion, these results suggest that, despite the small number of animals used in this study,
the full outdoor system significantly influenced the cows. They ate more, and probably also con-
sumed more energy, as is indicated by the higher heart rate, than cows in the traditional man-
agement system. Nevertheless, average milk yield was only marginally affected, showing a high-
er fluctuation in the full outdoor system compared to the traditional one. Further investigation on
the heart rate variability will be carried out to better understand the adaptive capacity and the
potentially higher stress of the animals in this production system.
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Carcass and lamb quality from agro-pastoral
system in the Middle Atlas (Morocco)
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Abstract. In Moroccan Middle Atlas and its foothills sheep farming based on Timahdite breed and on the de-
liberate combination of the various components of the agro-pastoral system. From spring to early fall, feed-
ing of weaned animals and early pregnant females is based exclusively on pasture. It yields carcasses and
meat increasingly appreciated by consumers. In order to study the quality of these products, 3 groups of
lambs received 3 different rations, were monitored for 3 months. Five animals from each group were slaugh-
tered to study carcass and meat quality. The study of carcass concerned conformation and fatness, using
measurements and European grids. Meat quality evaluation concerned the instrumental study of color,
according to CIE L*a*b*model, ultimate pH, and sensory parameters with a taste panel. Preliminary results
show that animals fed mainly on concentrate feed had better carcass yield, conformation and fatness than
those raised on pastoral resources. Lightness of the meat and yellowness of the subcutaneous fat were high-
er for lambs raised in the extensive system than animals from intensive farming system. They have lower pH
and more preferred by the consumer than that from concentrate and hay based-diet animals.

Keywords. Timahdite — Quality — Lamb meat — Carcass — Agro-pastoral system — Middle-Atlas.

Qualité des carcasses et de la viande des agneaux issus du systéme agro-pastoral dans la région du
Moyen Atlas au Maroc

Résumé. Au Moyen Atlas marocain et ses piémonts, I'élevage de la race ovine Timahdite se base sur des
combinaisons de différentes ressources alimentaires du systeme agro-pastoral. Du printemps jusqu’au début
de 'automne, I'alimentation des jeunes sevrés et des brebis en début de gestation se base exclusivement
sur la pature. Les animaux issus de ces élevages donnent des carcasses et des viandes de plus en plus
appréciées par le consommateur. Dans le but d’étudier la qualité de ces produits, trois lots d’agneaux, qui
différaient par la conduite alimentaire, ont été suivis pendant 3 mois. Cinq animaux de chaque lot ont été
abattus. La conformation et I'état d’engraissement ont été étudiés en utilisant des mensurations et les grilles
de classification européennes. L’évaluation de la qualité de la viande a concerné I'étude instrumentale de la
couleur, selon le modéle CIE L*a*b*, le pH ultime et la qualité sensorielle évaluée par un jury de dégustation.
Le rendement et I'état d’engraissement des carcasses du lot élevé sur les aliments concentrés ont été plus
importants que ceux des animaux élevés sur la pature et leur viande était plus foncée alors que leur gras était
plus clair. La viande issue du systeme extensif a présenté un pH plus bas et a été préférée par le consom-
mateur par rapport a celle issue du systeme intensif.

Mots-clés. Timahdite — Qualité — Viande — Carcasse — Agneau — Systeme agro-pastoral — Moyen Atlas.

| — Introduction

The national demand for red meat is increasing because of the increase in population consump-
tion. During these last years, an intensification of management on rangelands and a gradual
growth in Timahdite-breed-lamb-feedlot had been observed in the Middle Atlas area to cover this
demand. However, recently it was remarked that consumers are interested more to meat origi-
nating from extensive system than that from intensive system. As lamb’s quality depends on a
various intrinsic and extrinsic factors, of which the diet constitutes one of the bases of the con-
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nection of the meat to its origin, it was important to undertake a study to evaluate carcass char-
acteristics and meat quality of lambs raised on grass compared to those fed partially or com-
pletely on concentrate and hay.

Il — Materials and methods

1. Animals and feeding system

The experiment was conducted in the Middle Atlas during 3 months (Mai to June), on 15 male lambs’
entire of Moroccan Timahdite breed, about 6 months of age, originating from the same farm,
weaned at 3 months of age and divided into three equal groups according to live weight (aver-
age initial weight of 23 kg). The first group was allowed to graze natural pasture (PP) during the
whole experiment period, the second was fed a diet containing about 50% commercial concen-
trate feed and 50% oat hay (CC) and the last one was allowed to graze pasture and received hay
and concentrate as supplements (PC). The commercial concentrate feed provides 18% of crude
protein, 10% of minerals, 0.3% of phosphorus and 0.6% of calcium. PP and PC animals grazed
the whole day while CC animals received an average of 620 and 800 g/head/day of concentrate
and oat hay respectively. Before going to the pasture, PC animals had half of hay and concen-
trate-quantity given to CC group. Water was available for PP and PC animals when returning
from pasture and at all time for CC group.

2. Slaughtering and carcass measurements

The five lambs used in each group, about 9 months age, were slaughtered as the Muslim slaugh-
tering way at the end of the trial at average live weight of 41 kg. Animals were slaughtered on dif-
ferent days each time they reached approximately a 41 kg live weight. Thus the slaughtering
process lasted 20 days.

Animals had access to water until approximately 12 hours before slaughtering and then were
transported by truck for about 80 km to the slaughter house. Immediately after slaughter, car-
casses were weighed and graded for fatness using the European grids. Measurements on car-
casses were carried out using compasses, ribbon for tailors and calipers to determine the main
indicators of carcass conformation. The index of carcass compacted was calculated through for-
mulas (llisiu et al., 2010).

Subcutaneous fat color was measured by a Minolta CR410 spectro-colorimeter (CIEL L*a*b*) at
12h post mortem. The carcasses were then let for 6 h at ambient temperature and then trans-
ported to a cold room set to 4°C.

3. Meat quality assessment

At 24 h post mortem the ultimate-pH was determined. Color measurements were taken by a
Minolta CR410 after 12h post mortem on the semimembranous muscle.

Taste scoring test concerned meat from PC and CC groups. The day after of slaughtering, two
legs from each group were used to carry out the test. Thick pieces were cooked under steam dur-
ing 1.15 hour and two-cm thick pieces were served warm to 20 inexperienced panelists. During
two sessions, panelists evaluated two samples presented in randomized order. Panelists were
asked to evaluate the intensity of tenderness, juiciness and meat flavor using a scoring grid for
each parameter.
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4. Statistical analysis

Analysis of variance was performed by GLM procedure (SAS, 1991). The effect of the diet as a
fixed effect on all variables was analyzed according to the following model: Yij = a + Di + Eij,
where “Yij” is the variable analyzed; “a” is the overall mean, “Di” is the effect of diet (i = PP, CC
and PC). The error term was “Eij”. The Student-Newman Keul’s procedure was used to separate
least squares means when significant main effects were detected.

Taste test data were evaluated using the X2 test.

Il — Results and discussion

1. Carcass characteristics

Effects of diet on carcass characteristics are presented in Table 1. Diet had a significant effect on
dressing percent (P = 0.05). Carcasses did not differ for carcass compactness index (P = 0.5).
Carcasses from lambs raised on pasture had lower fatness score than those of animals raised with
the concentrate based diet. This could be related to the physical activity compared to stall ones.

Subcutaneous fat color from grass lambs was more yellow (b* higher) than that from stall lambs
(P <0.001). The yellowness of fat is related to the presence of carotenoids in grass lambs (Prache
and Theriez, 1999; Priolo et al., 2002). Carotenoids are pigments found in a higher concentration
in fresh grass and give a yellow color to the subcutaneous fat (Jacques and Baba-Khelil, 2010).

Table 1. Carcass characteristics of lambs as affected by diet

Feeding system
SEM P-value =

PP cc PC

Number of lambs 5 5 5 - -
Live weight at slaughter (kg) 40.9 40.7 41.4 1.48 0.5
Carcass weight (kg) 19.4 19.5 19.7 0.33 0.6
Dressing percent (%) 47 .40 48.02 4750 0.08 0.05
Fatness (1 to 5 scale) 2 3 2 -
Carcass compactness index (kg/cm) 0.35 0.36 0.35 0.00008 0.5
L* 76.50° 84.502 76.90° 0.49 0.0001
a* 3.68P 5.232 3.37° 0.09 0.0001
b* 7.9° 6.632 7.93b 0.17 0.001

ab: yalues having the same letter not significant.

2. Meat instrumental and sensorial quality

Impacts of diet on muscle instrumental quality are presented in table 2. Diet affected significant-
ly the ultimate pH (P = 0.0001). However, values were higher than those reported by Muller (2011)
for a good quality meat. It ranged between 5.67 and 5.98 vs 5.5 and 5.7 for a normal ultimate pH
(Muller, 2011). As opposed to the results found by Priolo et al. (2002), ultimate pH muscle tend-
ed to be higher for the stall lambs compared to the grass lambs (P = 0.0001). Such differences
may be attributed partially to the pre-slaughter factors.

According to Institut de I'Elevage (2006), pre-slaughter factors i.e. transport and slaughter pro-
cess can stress animals, cause the decrease of glycogen reserve in the muscle and therefore
increase ultimate pH. In fact, during the slaughter period the transport of stall lambs were done
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during the hotter days of June (T > 35°C) for a large distance (81 km) separating the farm and
slaughter house.

At 12 h post mortem, meat lightness was higher for PP and PC groups than for CC group meat
(P =0.0001). This difference in meat lightness could be linked to the difference in the ultimate pH
since high pH meats tend to have a darker colour (Ledward et al., 1986). The index of redness
(a*) is higher in meat from pasture systems (PP and PC) than that from intensive system (CC)
which means that grass lamb meat is redder than stall lamb meat.

The results of sensory evaluation are shown in table 3 and. Meats from PC lambs were more ten-
der, juicy and tasty than that from CC lambs. However, the chi-square test results (table 3) show
that diet impacted significantly the tenderness and the juiciness of meat (P < 0.05) but not the
flavor (P = 0.1).

Table 2. Effect of diet on semimembranous muscle characteristics

Feeding system

SEM P-value =

PP CcC PC
Number of lambs 5 5 5
Ultimate pH 5.67° 5.982 5.67° 0.004 0.0001
L* 46.7° 42.22 46.4b 0.47 0.0001
a* 21.92 21.42 21.82 0.28 0.5
b* 6.82b 5.32 6.8° 0.57 0.05

ab: yalues having the same letter not significant.

Table 3. Effects of feeding systems semimembranous muscle sensory evaluation

X2 Pearson value Minimum Theoretical effective P-value =
Tenderness 8.9 1.48 0.0M
Juiciness 12.3 2.96 0.006
Flavor 44 5.92 0.11

IV — Conclusions

This experiment was designed to compare grass-fed and concentrate-fed lambs, when animals
were slaughtered at the same body weight.

Lambs raised on pasture had lower dressing percent, lower and more yellow subcutaneous fat.
They have lower pH and more preferred by the consumer than that from concentrate and hay
based-diet animals.
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Abstract. It is well known that mountain pasture affects the fatty acid (FA) composition of milk fat. The Official
EU method for the evaluation of cow milk fat purity is based on the triglyceride (TAG) analysis. The percent-
age of each TAG is inserted into five specific formulae (S). The resulting five S parameters, for a genuine milk
fat, have to fall inside the corresponding limits; if only one of them is outside the limits, the milk fat is judged
as adulterated. In this research, milk samples deriving from cows feeding mountain pasture, in absence or
with low amounts of concentrates, were analyzed for their FA and TAG composition and the purity was cal-
culated by using the S parameters. All the samples showed the characteristic FA composition of milk fat from
mountain pasture-fed cows: high concentration of linolenic acid (1.1 + 0.32), vaccenic acid (3.8 + 0.57), cis-
9,trans-11 CLA (1.7 + 0.25), as well as low concentration of saturated fatty acids (62.9 + 1.50). However, all
the samples provided false positive results for at least one of the five S parameters. In order to avoid improp-
er charges of adulteration, this behaviour should be taken into account by the competent authorities.

Keywords. Mountain pasture — Milk fat — Genuineness — Triglycerides — Fatty acids.

Applicabilité des paramétres officiels d’authenticité a la matiére grasse du lait de vache a I’alpage :
le cas de la composition en triglycérides

Résumeé. Il est bien connu que les paturages de montagne modifient la composition en acides gras (AG) de
la matiere grasse du lait. La méthode officielle de I'UE pour I'’évaluation de la pureté de la matiere grasse du
lait de vache est basée sur I'analyse des triglycérides (TG). Le pourcentage de chaque TG est introduit dans
cinq formules spécifiques. Les cinq parametres S résultants, doivent étre compris dans des limites corres-
pondant a une matiére grasse du lait pure; méme si un seul des parametres est en dehors des limites, la
matiere grasse du lait est jugée non conforme. Dans cette étude, des échantillons de lait provenant de
vaches paturant des alpages, en I'absence ou avec de faibles quantités de concentrés, ont été analysés pour
leur composition en AG et TG et la pureté a été calculée en utilisant les parametres S. Tous les échantillons
ont montré une composition en AG, caractéristique de la matiere grasse du lait de montagne : une concen-
tration élevée en acide linolénique (1,1 + 0,32), acide vaccénique (3,8 + 0,57), CLA (1,7 + 0,25), ainsi qu’'une
concentration réduite en acides gras saturés (62,9 + 1,50). Cependant, tous les échantillons ont donné des
résultats faux positifs pour au moins I'un des cinq paramétres S. Afin d’éviter des déclarations de falsification
incorrectes, ce résultat doit étre examiné par les autorités compétentes.

Mots-clés. Alpage — Matiere Grasse du lait — Authenticité —Triglycérides — Acides gras.

| — Introduction

The Official EU method for the evaluation of cow milk fat purity is based on the triglyceride (TAG)
analysis (Reg. CE 273, 2008) and on the values obtained inserting TAG results into five specific
equations. If only one of the results of these five equations falls outside the limits that are char-
acteristic for pure milk fat, the sample is judged as adulterated.
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Since TAG are molecules in which three FA are esterified to the glycerol backbone, their compo-
sition is strictly dependent on the linked fatty acids and, consequently, they are affected by the
same factors of variation, first of all, the feeding system. The high diversity in the botanical com-
position of grass, the environmental conditions, the low density of net energy of alpine herbage
that increases the body fat mobilization, are some of the factors responsible for the particular
characteristics of the fatty acid composition of milk fat from cows consuming mountain pasture
(Lourencgo et al., 2008; Povolo et al., 2013).The saturated FA content, particularly palmitic acid,
was lower in mountain milk than that found in milk derived from the intensive breeding systems;
at the same time, except for linoleic acid, monounsaturated and polyunsaturated FA, particularly
linolenic acid, were higher (Leiber et al., 2005). Finally, the mountain milk fat was characterized
by the high content of isomer cis-9, trans-11 of conjugated linoleic acids and their precursor,
vaccenic acid (C18:1 trans-11).

In this research, milk samples deriving from cows feeding mountain pasture, in absence or with
low amount of concentrates, were analyzed for their FA and TAG composition and the purity was
calculated by using the S parameters.

Il — Materials and methods

Bulk milk samples were collected in two mountain areas, at altitude varying from 1800 to 2100
m, (East and West Italian Alpine region) during the summer period from cows grazing on pasture
in absence (20 samples) or with 1.5 (14 samples) or 3 (13 samples) kg /(cow x day) of concen-
trate. The pastures of the East and West area were characterized by Festuca rubra and Nardus
stricta, respectively. The concentrate supplemented to the cows grazing in the East zone of the
Alpes had a higher protein and a lower fat content than that supplemented to the cows grazing
in the West zone.

Milk samples were stored at -20°C until the analyses, which were done in duplicate. The fat frac-
tion was extracted according to ISO 14156 (2001). The FA composition was carried out on methyl
esters obtained according to ISO 15884 (2002) and applying the GC conditions described by
Povolo et al. (2013). The analysis of TAG composition was performed following the Official EU
method (Reg. CE 273, 2008).

Data obtained were evaluated by both univariate (ANOVA) and multivariate (PCA) statistical
analyses.

Ill — Results and discussion

The first evaluation of the results was made by applying PCA analysis to the whole data set (47
objects and 43 variables) subdivided into the east (E) and west (W) Alpine area both labelled 0,
1.5, 3, according to the amount of concentrate in the diet (Fig. 1). A well defined separation
between the two Alpine zones occurred on the first-component axis. On the contrary, no clear dis-
tinction was observed among the different contents of concentrate in the diet, even though a slight
tendency to a distribution according to the concentrate content was observed along the second
component axis. This result demonstrated that the FA composition of milk was largely influenced
by the type of pasture growing in the different Alpine areas and this difference was not affected by
the presence of supplementation. This result was confirmed by the ANOVA applied to the FA
grouped on the basis of the presence of double bonds (SFA = saturated, MUFA = monounsatu-
rated, PUFA = polyunsaturated), on the position of double bonds (omega-3) and on the geometri-
cal isomerization (Trans). As it is reported in Table 1, all the FA classes showed high significant dif-
ferences between the types of pastures, independently of the amount of supplementation.
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Fig. 1. Plot of the scores of the 47 milk samples on the first and second principal components.

Table 1. Mean and standard deviation of fatty acids, expressed as% on the total fatty acids

Only pasture + 1.5 kg conc. + 3 kg conc.
East West East West East West
SFA 62.1£1.01 64.2+0.96 ** 62.0+1.08 63.9£1.23 * 61.2+1.23 63.3+1.40 *
MUFA 33.1#0.80  29.2+0.74 ** 33.1+0.88 29.5+1.04 ** 33.6x0.80 29.9+1.00 **
PUFA 4.840.35 6.6£0.31 **  4.9+0.43 6.7¢0.35 ** 51+0.57 6.8+0.49 **
Omega-3 0.9+0.11 1.5+0.18 **  0.9+0.08 1.5¢0.09 ** 0.9+0.13 = 1.6£0.25 **
Trans 5.5+0.28 7.5£0.40 ** 5.240.20 7.5£0.43 ** 5440.14 7.4+0.29 **
c18:1 t11 3.4+0.13 4.3£0.39 ** 3.1x0.12 4.3+0.38 **| 3.3x0.15 @ 4.2+0.18 **
CLA 1.5+0.12 1.940.11  **  1.4+0.09 1.9+0.16 ** 1.4+0.13  1.9+0.10 **
C18:2t11,c15  0.3+0.08 0.7+0.04 **  0.3#0.03 0.7+0.05 0.3+0.03 = 0.7+0.08 = **

** P<0.01; * P<0.05.

Moreover all the samples showed a FA composition typical of mountain milk fat: low SFA content,
high PUFA, CLA and trans fatty acids (Collomb et al., 2002). Among the latter category, it is worth
noting the high values of both vaccenic acid (C18:1 #11) and C18:2 t11,¢15, the highest non-con-
jugated linoleic acid isomer found in mountain milk samples, accordingly to Collomb et al. (2008).

Figure 2A shows an example of the TAG profile obtained applying the EU official method. Sixteen
peaks identified on the basis of the sum of the number of carbon atoms of FA esterified into the
TAG, and quantified as percentage on the total TAG content, were obtained.

The values of the five S parameters (S1 to S5) calculated to evaluate the genuineness of milk fat
provided the following results: all the samples fell out the limits for S1, 20% of samples for S2,
67% of samples for S3, and 52% of samples for S4 and S5. An example is given in Fig. 2B, where
the results of S1 formula are reported, together with the range that is characteristic of the pure
milk fat. All the mountain milk fat samples, independently of the possible presence of concentrate
in the diet, did not meet the law requirements to be considered as genuine milk fat.
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Fig. 2. GC profile of TAG of a mountain milk fat sample (A) and values obtained by the application of
S1 purity parameter to all the mountain milk fat samples (B).

IV — Conclusions

Independently of the factors responsible for the particular characteristics of the fatty acid compo-
sition of milk fat deriving from cows consuming mountain pasture, this feeding system also affects
the TAG composition on which the EU Regulation defines the parameters of the milk fat genuine-
ness. It seems very important to avoid improper charges of adulteration related to milk and dairy
products that very often are characterized by high quality composition and unique value. Thus, this
evidence has to be pointed out to the competent authorities in order to guarantee the protection
of these productions. A first action on this direction has been already undertaken by the Italian del-
egation of the ISO Committee, to mention this problem within the scope of the ISO 17678 (2010)
standard that reports the reference method for milk fat TAG determination.
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Dairy cow grazing selection on upland pasture
affects milk fatty acid concentrations
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Abstract. This work aimed to explore variations in milk FA concentrations according to the rate of pasture util-
isation and cows grazing selection. Two groups of nine dairy cows were assigned to a long duration (LD) of
paddock utilisation (17 days) on heterogeneous pasture, or to a medium duration (MD) of paddock utilisation
(7-10 days) on a more intensively managed pasture. Grazing selection was characterized at the beginning and
at the end of each MD paddock utilisation and at the same dates for LD. Individual milk samples were collected
the first three days and the last two days of grazing on each MD paddock for both systems. A principal com-
ponent analysis (PCA) was performed on milk fatty acid (FA) concentrations and grazing selection data, aim-
ing to highlight their relationships. The LD samples were poorly separated by the PCA according to the day of
paddock utilisation, because of small variations in LD milk FA composition. The free-grazing selection allowed
LD cows to ingest herbage with a quite constant nutritional value throughout the experiment. In contrast, the
PCA showed a marked separation between samples from the beginning and from the end of each MD pad-
dock utilisation. The MD cows grazed “by layers” inducing a rapid decrease in the nutritive quality of ingested
patches during paddock utilisation, with consequently important variations in milk FA composition.

Keywords. Grazing selection — Grazing system — Milk fatty acids — Upland pasture.

La sélection alimentaire des vaches laitiéres au paturage sur des prairies de montagne influence les
concentrations des acides gras du lait

Résumé. Deux groupes équivalents de 9 vaches laitieres ont été soumis : soit a un paturage de longue durée
(LD) sur une parcelle de prairie hétérogene (17 jours); soit a un paturage de durée moyenne (MD) sur des
parcelles de prairie gérée de fagon plus intensive (7-10 jours). La sélection alimentaire au péaturage a été
caractérisée au début et a la fin d'utilisation de chaque parcelle de MD, sur les deux systemes. Des échan-
tillons individuels de lait ont été collectés les 3 premiers et les 2 derniers jours d’utilisation de chaque par-
celle de MD, sur les deux systemes. Une analyse en composante principale (PCA) a été faite sur les don-
nées de concentrations en acides gras (FA) du lait et de sélection alimentaire au paturage, pour mettre en
évidence leurs relations. Les échantillons de LD ont été mal discriminés par la PCA selon les jours d'utilisa-
tion de la parcelle. Par contre, pour MD, la PCA a montré une nette séparation des échantillons de début et
de fin d’utilisation de chaque parcelle. Les vaches sur MD ont paturé par horizons, avec pour conséquence
une diminution rapide de la qualité nutritive de I'herbe ingérée au cours de ['utilisation de la parcelle et des
variations importantes de la composition en FA du lait.

Mots-clés. Sélection alimentaire au péaturage — Systemes de paturage — Acides gras du lait — Prairies de
montagne.
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| — Introduction

In the upland farming systems, considerable day-by-day variations in milk yield and composition
are frequently reported by farmers and cheese makers with rotational grazing systems, accord-
ing to the rate of utilisation of each paddock. Among milk components, FA concentrations concur
to determine nutritional value and sensory properties of dairy products (Martin et al., 2005). The
FA composition of pasture-derived milk is affected by several factors, such as herbage propor-
tion in cow diet, herbage botanical composition, phenological stage and nutritive value, all inter-
acting with cow grazing selection and grazing system (Chilliard et al., 2007; Coppa et al., 2011b;
Farruggia et al., 2014). In this experiment, two rotational grazing systems on upland pasture were
studied: a long duration of paddock utilisation (LD) on highly biodiversified pasture, which is typ-
ical of extensive rotational grazing systems; and a medium duration of paddock utilisation (MD)
on a more intensively managed pasture, which is typical of intensive rotational grazing systems.
This work aimed to highlight the links between the variations in milk FA composition and changes
in grazing selection according to the duration of paddock utilisation on MD and LD systems.

Il — Materials and methods

The FA concentrations have been monitored in milk of two equivalent groups of 9 cows in June,
during a period of 17 days, corresponding to the duration of the grazing rotation of LD group. At the
same time, the MD group cows grazed successively 2 paddocks for 7 and 10 days. The LD pad-
dock (9.7 ha) a highly diversified pasture (139 botanical species) managed under a low stocking
rate, while MD paddocks (6.4 ha) were moderately diversified (62 species) and more intensively
managed pasture. As usual in the intensive rotational grazing systems, the MD cows were supple-
mented dairy with 4 kg of concentrate/cow. Grazing selection was characterized through direct
observations and simulated bites (Farruggia et al., 2008) collected at the beginning and at the end
of the utilisation of two subsequent MD paddocks, and at the same days for LD. Simulated bites
were analysed for botanical composition and nutritive value. Individual milk was sampled the first
three days and last two days of grazing on each MD paddock, and simultaneously also on LD sys-
tem. Milk samples were analysed for FA analysis by gas-chromatography. A Principal Component
Analysis (PCA) was performed (SPSS software 17.0; SPSS Inc., Chicago, IL) on the main milk FA,
parameters of grazing selection and composition of simulated bites, aiming to show the relation-
ships between the milk FA concentrations and grazing selection of cows in the two grazing systems.

Il — Results and discussion

On the plot of PCA individual distribution, samples were separated according to the day of pad-
dock utilisation for principal component (PC) 1 and according to the grazing system for both PC1
and PC2 (Fig. 1). On plot of PCA variable distribution, PC1 was positively highly correlated to the
neutral detergent fiber (NDF) content of the simulated bites, short vegetative (SV) patches, milk
branched chain FA (BCFA) and monounsaturated FA (MUFA) concentrations, and C18:1c9 to
C16:0 ratio. The PC1 was also negatively and closely correlated to the organic matter digestibil-
ity (OMD) value of simulated bites, total high vegetative (HV) patches, milk saturated FA (SFA)
concentration, and C18:1t10 to C18.1t11 ratio. The PC2 was correlated to the crude protein (CP)
content, the OMD values, the Legumes proportion and the leaf to stem ratio (L/S) of simulated
bites, the HV patches and milk CLAc9t11, sum C18:1t isomers and polyunsaturated FA (PUFA)
concentrations and negatively correlated to the NDF content and Grasses proportion of simulat-
ed bites, high mature (HM) patches, and milk C18:2n-6/C18:3n-3 and C18:1t10/C18:1t11 ratios.
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Fig. 1. Principal component analysis (PCA) performed on the main milk fatty acid concentrations, the
grazing selection and composition of simulated bites. Plot of sample and variable distribution
according to grazing system and day of paddock utilisation, projected on the two principal
components (PC1 and PC2).

The variations in LD milk FA composition were small from the beginning to the end of LD pad-
dock utilisation. The free-grazing selection allowed the LD cows to ingest herbage with a nutri-
tional value that was quite constant throughout the experiment (Dumont et al., 2007; Coppa et
al., 2011a). Indeed, the CP content and OMD value of the LD simulated bites slightly decreased
(-2.8% DM, and -7.2%), and the NDF content only slightly increased (+4.2% DM) from the begin-
ning to the end of paddock utilization. In contrast, important changes in the MD milk FA compo-
sition were observed during MD paddocks utilisation. The PCA results showed a clear separation
between the samples derived from the beginning and from end of each MD paddock utilisation.
The grazing “by layers” of the MD cows could cause a rapid decrease in the nutritional quality of
ingested patches (i.e., decreasing the L/S (-0.5) and CP content (-6.4% DM) and increasing the
NDF (7.0% DM) and ADF (+5.2% DM) contents of the simulated bites) from the beginning to the
end of paddock utilisation (Abrahamse et al., 2008). As herbage C18:3n-3 concentration decrea-
sed linearly with the herbage total nitrogen content (Revello Chion et al., 2011), this suggests that
the C18:3n-3 concentration of simulated bites decreased during MD paddock utilisation, in paral-
lel to protein content. As a consequence, a decrease in the amount of ingested herbage C81:3n-
3 (being) could have reduced the ruminal production of C18:3n-3 biohydrogenation intermediate
products (including C18:1t11; -1.71g/100 g FA) and, thus, their milk concentrations, (Chilliard et
al., 2007). Moreover, due to a higher proportion of stems, the increased herbage fiber content at
the end of MD paddock utilisation could favour the development of cellulolytic bacteria in the
rumen. As these bacteria are involved in the production of BCFA (Vlaemink et al., 2006), this
could explain the higher milk concentration of BCFA at the end of each MD paddock utilization
(on average +0.32 g/100 g FA). A higher C18:1c9 content in stems (Elgesma et al., 2006) com-
pared to leaves could be partly at the origin of the higher milk concentration of this FA at the end
of each MD paddock utilization (on average +4.8 g/100 g FA).
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IV — Conclusions

The long duration of paddock utilisation on heterogeneous pastures, which is typical of a exten-
sive rotational grazing system, allowed the cows to maintain a rather stable nutritive quality of the
selected patches, resulting in only slight day-by-day variations in milk FA concentrations. In con-
trast, the nutritive quality of the selected patches with a medium duration of paddock utilisation
on intensively managed pastures, which is typical of a rotational grazing system, varied strongly
during each paddock utilisation, resulting in abrupt changes in milk FA concentrations. Our re-
sults confirm the observations reported by farmers and cheese makers on the day-by-day varia-
tions in milk characteristics and explain why a longer duration of paddock utilisation could be
more favourable for farmhouse cheese making management.
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Abstract. This study aimed to predict the cow milk fatty acid (FA) composition using farming practices des-
cribed through on-farm surveys. The FA composition of 1248 bulk milk samples and the related farming prac-
tices came from 20 experiments conducted in 10 different European countries. Samples derived from farms
located between 44°N to 60°N altitude, and from sea level to 2000 m altitude. The prediction equations of milk
FA composition were considered good (R? > 0.50) for C16:0, saturated FA (SFA), poly-unsaturated FA (PUFA),
and odd-chain FA (OCFA), and very good (R2 = 0.60) for C18:1t11, CLACOt11, total trans-FA, C18:3n-3, n-6/n-
3 ratio, and branched-chain FA (BCFA). The main predictors were variables describing diet composition and
altitude, whereas animal-related factors (i.e. lactation stage, breed, milk yield, proportion of primiparous cows
in the herd) were not significant in any of the models. The predictor having the highest effect in almost all FA
models was the proportion of fresh herbage in cow diet. However, when models were calculated using only
samples derived from conserved forage-based diets, good predictions were also obtained for OCFA, BCFA,
C18:1t10 and C18:3n-3 (R? = 0.46, 0.54, 0.52, and 0.70, respectively). These prediction models could be a
valuable tool to help farmers to improve the nutritional quality of the milk they produce.

Keywords. Bulk milk — Fatty acid — Farming practices — Prediction models.

Les acides gras du lait de tank peuvent étre prédits par des enquétes rapides en ferme

Résumeé. L'objectif de ce travail était de prédire la composition en acides gras (AG) du lait en utilisant des
données de condition de production collectées par des enquétes rapides en ferme. La composition en AG de
1248 laits de tank et leurs conditions de production associées provenaient de 20 expérimentations réalisées
dans 10 pays européens. Les échantillons ont été collectés dans des fermes localisées entre 44°N et 60°N
de latitude et entre zéro et 2000 m d’altitude. Les équations de prédiction des AG du lait ont été considérées
comme bonnes (R? > 0,50) pour le C16:0, les AG saturés (AGS), les AG polyinsaturés (AGPI), et les AG a
chaine impaire (OCFA), et comme trés bonnes (R? = 0,60) pour le C18:1t11, CLAc9t11, les AGtrans totaux,
le C18:3n-3, le ratio n-6/n-3, et les AG a chaine ramifiée (BCFA). Les principaux prédicteurs étaient des
variables décrivant I'alimentation des troupeaux et I'altitude. En revanche, les facteurs liés a I'animal (tels que
stade de lactation, race, production de lait, proportion de primipares dans le troupeau) n’étaient pas signifi-
catifs dans les modeles. Dans presque tous les modeles, c’est la proportion d’herbe fraiche dans la ration
qui était le meilleur prédicteur des AG du lait. Dans une sous-population d’échantillons de lait issus de trou-
peaux alimentés seulement avec des fourrages conservés, de bonnes prédictions ont également été obte-
nues pour les OCFA, BCFA, C18:1t10 et pour le C18:3n-3 (R? = 0,46, 0,54, 0,52, et 0,70, respectivement).
Ces modeles de prédiction obtenus a I'échelle de I'exploitation pourront étre utilisés par les éleveurs pour
améliorer la qualité nutritionnelle de leur lait.

Mots-clés. Lait de mélange — Acides gras — Conditions de production — Modeéles de prédiction.
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| — Introduction

In agreement with the World Health Organisation recommendations on fatty acid (FA) consumption
for human nutrition, several dairy companies in various EU countries (including France, Belgium,
The Netherlands, etc.) apply a price premium for cow’s milk rich in health-promoting FA (i.e. n-3 and
PUFA; Borreani et al., 2013). Thus, farmers need to obtain information on the expected FA profile
of their milk. However, the majority of studies investigating the effect of diet and animal-related fac-
tors on milk FA profile were controlled trials (i.e. Couvreur et al., 2006; Ferlay et al., 2006), usually
applying measurements of farming practices not suitable on farm. This is also the case for milk FA
prediction models that are reported in literature (Glasser et al., 2008; Moate et al., 2008). To our
knowledge, no model has yet attempted to predict FA composition of bulk milk from commercial
farms, based on simple farm surveys. Farming practices vary widely according to country and agro-
nomical context, but most of the literature tends to operate at tight territorial scale. Collecting data
from a wide territory makes it possible to explore a broad range of farming practices and thus of FA
profiles of commercial milk. This study aimed to predict the cow milk FA composition using farming
practices collected via on-farm surveys in different European countries.

Il — Materials and methods

The FA profiles of 1248 bulk milk or cheese samples and their related farming practices were com-
piled from a selection of 20 published or unpublished studies carried out from 2000 to 2010 in 10
different European countries: France, Germany, Italy, Norway, Slovakia, Slovenia, Czech Republic,
Denmark, Sweden, and The Netherlands. The details of the experiments used are given by Coppa
et al. (2013). The experiments were conducted on-farm and included bulk milk collected on com-
mercial farms at between 44°N to 60°N latitude, from sea level up to 2000 m altitude, from 13 dif-
ferent cow breeds during different seasons. Data on farming practices were collected on-farm at
each milk sampling by surveys (Coppa et al., 2013), that included herd characteristics, diet com-
position of lactating cows, and altitude. The milk FA analyses were performed by 5 different labo-
ratories using gas-chromatographic methods. To develop a prediction of FA composition based on
farming practices data, a general linear model (GLM) was applied using experiment as fixed factor
and farming practices as covariates. Root mean square error (RMSE) and R2 were used to describe
model fitting. The Fisher’s F-distribution of each variable included in a model was used as an indi-
cator of the relative weight of the variable in determining the model itself. As the proportion of fresh
herbage in cow diet was expected to be the main covariate of most models, new models were
developed on a subset of data where milk samples derived from cow fed diets based on conserved
forages. Statistics were performed with Minitab 14.1 software (Minitab Inc., State College, PA).

Il — Results and discussion

The predictive equations of milk FA composition are given in Table 1 and were considered as good
(R2 > 0.50) for C16:0, saturated FA (SFA), polyunsaturated FA (PUFA), and odd-chain FA (OCFA),
and very good (R? = 0.60) for C18:1t11, CLAcOt11, total trans-FA, C18:3n-3, n-6/n-3 ratio, and
branched-chain FA (BCFA). The C16:0 increased with concentrates and decreased with fresh
herbage and grass silage proportions in herd diet. The increase in milk SFA was well predicted by
increases in all the conserved forages and concentrates in herd diet, confirming the high propor-
tion of SFA found in milk from conserved forages and concentrate-rich diets (Dewhurst et al.,
2006; Ferlay et al., 2008). The OCFA increased with the increasing proportions of hay and grass
silage in the diet and decreased with increasing proportions of maize silage and concentrates.
The BCFA were well predicted by an increase in fresh herbage and hay and a decrease in maize
silage and concentrates in diet. This is consistent with the hypothesis that high-NDF feeds (i.e.
fresh herbage and hay) favour ruminal populations of cellulolytic bacteria (Vlaemink et al., 2006).
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Increasing fresh herbage and hay and decreasing maize silage and concentrates in the diet in-
creased milk C18:3n-3 proportion, in agreement with literature data (Chilliard et al., 2007). Milk
C18:2n-6 proportion increased with increasing maize silage and concentrate proportions in the
diet. The C18:2n-6 is already an indicator of maize silage-based diets as maize is rich in this FA
(Dewhurst et al., 2006). Even so, the prediction was relatively poor (R? = 0.36), possibly due to
the multiple dietary sources of C18:2n-6 in cow diet (Chilliard et al., 2007). The decrease in milk
PUFA and n-6/n-3 with decreasing fresh herbage or hay proportions in the diet is in agreement
with the higher n-3 PUFA and relatively lower n-6 intake with these diets (Chilliard et al., 2007).
The increases in CLAc9t11, C18:1t11 and total trans FA proportion with increasing proportion of
fresh herbage and grass silage and decreasing proportion of maize silage and concentrates are
in agreement with literature (Dewhurst et al., 2006). The low fits of C18:1c9+t13 can be related
to the multiple sources of this FA in milk, being mainly derived from mammary A9-desaturation of
C18:0, from diet and from mobilization of body fat reserves, (Chilliard et al., 2007), but also
depending on pasture type and phenology (Coppa et al., 2011).

The quality of the models was maintained for BCFA and n-6/n-3 ratio and improved for OCFA,
C18:1t110, C18:2n-6 and C18:3n-3 when calibration was made only on milk samples derived from
conserved forages diets. The C18:1t10 increased with increasing starch and C18:2n-6 sources
in the diet, in agreement with Griinari et al. (1998). Milk C18:3n-3 proportion increased with
increasing proportion of hay in the diet but decreased with increasing proportion of maize silage,
confirming that hay-derived milk fat is rich in C18:3n-3 (Chilliard et al., 2007).

IV — Conclusions

This work provided original models to predict the FA profile of bulk milk based on farming prac-
tices collected via rapid on-farm surveys. An European scale dataset was used. Good prediction
models were found for several FA. The large range of our dataset and the quality of the predic-
tions highlighted the robustness of the cow feed effect on milk FA profile found in controlled con-
ditions compared to animal-related factors, that seem to be negligible at farm scale. These pre-
diction models could offer a valuable tool to help farmers to increase the proportions of health-
promoting FA in milk fat.
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into dairy goat diets

S. El Otmani®, M. Ayadi and M. Chentouf

INRA, Regional Agricultural Research Center of Tangier
78 Av. Sidi Mohamed Ben Abdellah, Tangier 90010 (Morocco)
*e-mail: elotmani.samira@gmail.com

Abstract. In northern Morocco, goat feeding is based on rangelands that would not satisfy nutritional needs.
Feed improvement is necessary. Lupin and triticale are both available resources in the region. The objective
of this work is to study the effect on milk production and composition of utilizing lupin and triticale in dairy goat
diets. During 115 days, 21 goats were divided into three lots of 7 each (Control, R2 and R3). The basic food
ration was based on rangeland and ad libitum oat hay and supplemented with 3 concentrate diets with 0, 25,
50% of lupin and 0, 50, 25% of triticale, respectively. Milk production was quantified every two weeks and
milk samples were collected monthly to determine chemical composition (fat, protein, lactose and defatted
dry extract) using an infrared method. Milk production was not affected significantly by concentrate ration
(P>0.05). Milk production was estimated at 446.5 g/d, 416.8 g/d and 495.0 g/d for the control, R2 and R3,
respectively. Protein content, lactose, and defatted dry extract were not affected by lupin and triticale intro-
duction. But fat was significantly higher with 50% DM of lupin (P < 0.05). Recorded fat was 3.44%, 3.00%
and 4.33% for the control, R2 and R3, respectively. Lupin and triticale can be introduced into dairy goat diets
without negative effects on milk production and composition.

Keywords. Lupin — Triticale — Dairy goat — Milk production — Milk composition.

Effet de I’incorporation du lupin et du triticale dans la ration sur la production et la composition du
lait des chévres laitiéres

Résumé. Au Nord du Maroc, I'alimentation des caprins est basée presque exclusivement sur I'exploitation
des ressources sylvo-pastorales. L’'amélioration du calendrier alimentaire s’avére nécessaire, pour répondre
aux besoins des animaux. Ce travail a étudié I'effet de I'incorporation dans la ration du lupin et du triticale,
deux ressources alimentaires disponibles dans la région, sur les performances de production et la composi-
tion du lait des chevres laitieres. Durant 115 jours, 21 chevres ont été réparties en 3 lots (Témoin, R2, R3)
de 7 chevres chacun. Leur alimentation est basée sur le parcours et le foin d’avoine a volonté, supplémen-
tés par 3 rations de concentré contenant 0, 25, 50% du lupin et 0, 50, 25% du triticale, respectivement pour
les lots Témoin, R2 et R3. La production laitiere a été mesurée tous les 15 jours et des échantillons du lait
ont été prélevés mensuellement pour déterminer la composition chimique du lait par la spectrométrie dans
le proche infrarouge. La production laitiere journaliere et les teneurs du lait en protéines, lactose, et extrait
sec dégraissé n'ont pas été affectées par l'introduction du lupin et du triticale. Par contre la teneur en matie-
re grasse du lait du lot R3 a été significativement supérieure a celle des lots témoin et R2 (4,33%, 3,44% et
3,00%; P<0,05). Le lupin et le triticale peuvent étre introduits dans la ration de la chévre laitiere sans affec-
ter négativement la production et la composition du lait.

Mots-clés. Lupin — Triticale — Chévre laitiere — Production laitiere — Composition du lait.

| — Introduction

In the mountainous region of the North of Morocco (Tangier-Tetouan), goat population represents
37% of ruminant livestock and contributes to more than 70% in household income (Chentouf et
al., 2011). However, feeding is mainly based on forest rangelands and characterized by strong
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seasonal variability (Chentouf et al. 2004) responsible of the low productivity of herds (Chentouf
et al., 2006). Lupin and triticale are two potential feed resources in the region that can improve
feed calendar of goat livestock in the region. In this context, the objective of this study was to
analyze the effect of incorporation of lupin and triticale in dairy goat diet on milk production and
composition.

Il — Material and methods

The study was conducted in INRA experimental station of Tangier located at latitude 35°66’ N and
longitude 5°85’ W. During 115 days, 21 goats were divided into 3 groups (control, R2 and R3 lots)
of 7 goats each. The basic food ration of these lots was based on rangeland and ad-libitum oat
hay and was supplemented by three types of iso-energetic and iso-nitrogenous concentrate com-
posed by barley grain, triticale, lupin, faba beans and a mineral-vitamin supplement.The rates of
lupin - triticale incorporation were 0% -0%, 25% -50% and 50% -25% dry matter of concentrate
respectively for control, R2 and R3 lots. During lactation period, milk production was recorded
every two weeks by quantifying milk production of 24 hours to determine milk yield. Milk samples
were collected every month to determine the chemical composition of milk (fat content, protein
content, lactose and defatted dry extract) using infrared method by MilkoScan ™ Minor ®.
Statistical analysis of data to determine means and variance analysis of one factor (ANOVA 1)
was performed using Excel 2007 and SAS (2001) programs.

Ill — Results and discussion

1. Milk production

The average daily milk production was estimated to 446.5 g/d, 416.8 g/d and 495.0 g/d respec-
tively for control, R2 and R3 lots (Table 1). This production was not significantly affected by ration
of concentrate (P> 0.05). The registered milk production was less than cited by El Otmani et al.
(2013) (597.9 g/d) with Beni Arousse North Moroccan local breed.

During lactation period, estimated at 120 days, milk production average was around 58.6 kg, 54.8
kg and 65.8 kg / lactation respectively for control, R2 and R3 lots (Table 1). As daily milk pro-
duction, this production per lactation was not significantly affected by introduction of lupin and trit-
icale (P>0.05) (Table 1). The registered milk yield was similar that cited by El Otmani et al. (2013)
with the local breed of northern Morocco Beni Arousse in the extensive system with 60.5 kg/lac-
tation and by Hassani (1997) with 59 kg/lactation in Western rif population.

Table 1. Average milk yield per day and per lactation of tests lots (R2 and R3) and control lot (n = 7)

Lot Lupin-Triticale Daily milk Milk production

in concentrate production (g / d) per lactation (kg/120d)
Control 0%-0% 446.47 58.60
R2 25%-50% 416.83 54.80
R3 50%-25% 494 .97 65.77
Probability 0.52 0.44
Signification NS NS

NS: not significant (P>0.05).
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2. Milk composition

Protein content, lactose, and defatted dry extract in goat milk of each lot were not affected by the
introduction of lupin and triticale in dairy goat diet (Table 2). However fat content in milk in lot R3
(50% lupin and 25% of triticale) were higher than Control and R2 lots and respectively 4.33%,
3.44% and 3.00% (P<0.05).

This superiority can be explained by the estimated fat content in lupin grain that is 93 g / kg of
crude lupin (Moss et al., 2001). Fat induces a more important liberation of acetate in rumen,
known as a precursor of milk fat. Similar results were reported by by Masson (1981) in goats and
Brunschwig and Lamy (2001) and Froidmont and Bartiaux-Thill (2003) in cows.

Table 2. Milk chemical composition of control, R2 and R3 lots (n = 7)

% Lupin-Triticale Fat (%) Protein (%) Lactose (%) Defatted dry
in concentrate extract (%)

Control 0%-0% 3.44b 3.87 4.62 9.36

R2 25%-50% 3.00° 4.08 4.62 9.59

R3 50%-25% 4.332 4.24 4.64 9.69

Probability 0.02 0.52 0.99 0.44

Signification S NS NS NS

ab: values followed by different letters are statistically different at 5%.
S: significant (P<0.05); NS: not significant (P>0.05).

No differences were observed in lactose and defatted dry extract contents produced during lacta-
tion between control, R2 and R3 lots (Table 3). However, fat and protein production per lactation
were significantly higher, with a rate R3 lot compared to those observed in control and R2 groups
(P < 0.05; Table 3). Produced fat was estimated to 1.91, 1.65 and 3.08 kg/lactation respectively
for control, R2 and R3 lots. This superiority is mainly due to the high content of lupin in fat.

No differences were observed between the three lots regarding protein milk content, however
protein production during lactation was higher in R3 lots than Control and R2 lots and respecti-
vely 2.23, 2.19 and 2.97 kg/lactation.

This high content of protein per lactation in lot R3 (Table 3) receiving 50 % of lupin and 25 % of
triticale is explained by lupin effect on increase of total protein, casein, aS1 - casein and a.S2 -
casein in milk of dairy goats (Morales et al., 2008).

Table 3. Chemical composition of milk produced during lactation of control, R2 and R3 lots (n = 7)

Lupin-Triticale Fat/Lactation Protein/ Lactose/ Defatted dry
in concentrate  (kg/lactation) Lactation Lactation extract / Lactation
(kg/lactation) (kg/lactation) (kg/lactation)
Control 0%-0% 1.91b 2.23P 2.75 5.48
R2 25%-50% 1.65P 2.19P 2.53 5.20
R3 50%-25% 3.082 2.972 3.26 6.79
Probability 0.02 0.04 0.21 0.09
Signification S S NS NS

ab: values followed by different letters are statistically different at 5%.
S: significant (P<0.05); NS: not significant (P>0.05).

Forage resources and ecosystem services provided by Mountain 291
and Mediterranean grasslands and rangelands



IV — Conclusion

The incorporation of lupin and triticale in dairy goats’ diet with respective proportions of 50% -
25% DM of ration concentrate improves milk fat content about 26% and protein produced per lac-
tation. Their incorporation in goats’ dairy diet is recommended to improve the animals’ food cal-
endar and their productivity.
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Influence of Alpine highland pasture on the
fatty acid and terpene composition of milk and
Plaisentif cheese from various Piedmont farms
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Abstract. The aim was to characterize, monitor and certify Plaisentif, known as the “cheese of the violets”,
produced with raw milk from cows fed on pastures in the Chisone and Susa valleys (NW ltaly) when violets
are in bloom. A preliminary study was conducted over the summer of 2013 on five Alpine dairy farms to deter-
mine the fatty acid (FA) composition and terpenoid profile for the first growth cycle in permanent meadows,
and for milk and ripened cheese. The pastures showed a wide diversity both in FA and terpenoid profiles.
Among FAs, the most abundant were o-linolenic acid (from 40 to 61% of total FA) and linoleic acid (from 13 to
31% of total FA), while p-Cymene and o-Pinene were the most important terpenoids. As far as milk and cheese
FA content are concerned, palmitic and oleic acid accounted on average for 47.2 and 47.7% of total FA,
respectively. Healthy FAs, such as o-linolenic acid and conjugated linoleic acid, showed mean values of 1.4-
2.1% of total FA, respectively. Terpenoid profiles of milk and cheese were very similar, even though a slight
concentration of some terpenes in cheese was observed compared to the corresponding milk. Moreover,
Alpine highland pasture modified the FA and terpenoid profile of Plaisentif cheese, while processing milk into
ripened cheese did not affect its FA composition and terpene profile with the exception of eicosapentaenoic,
butyric and caproic acids among FA, and limonene, p-Cymene and allo-Ocimene among terpenes.

Keywords. Fatty acid — Terpene — Mountain — Milk.

Influence du péaturage alpin sur la composition du lait et du fromage « Plaisentif » dans différentes
fermes du Piémont

Résumeé. Le but était de caractériser le Plaisentif, le « fromage des violettes », produit avec du lait cru de va-
ches nourries sur les paturages des vallées de Chisone et Suse (NO, Italie) pendant la période de floraison
des violettes. Une étude a été réalisée pendant I'été 2013 dans cinq fermes laitieres alpines pour déterminer
les profils des acides gras (AG) et des terpenes de prairies lors du premier cycle de paturage, du lait et du
fromage affiné. Les patures ont montré une grande diversité dans la composition en AG et en terpénes. Les
AG les plus abondants étaient I'acide o-linolénique (de 40 a 61% du total AG) et I'acide linoléique (de 13 a
31% du total AG), tandis que les terpénoides les plus importants étaient le p-Cyméne et o-Pinene. En ce qui
concerne le profil des AG des laits et des fromages, les acides palmitique et oléique représentaient respec-
tivement de 47,2 a 47,7% du total des AG. L’acide o-linolénique et I'acide linoléique conjugué, ont montré
des valeurs moyennes respectivement de 1,4 a 2,1% du total des AG. Les profils terpénoides des laits et des
fromages sont tres semblables, méme si une légere concentration de les terpenes dans le fromage a été
observé par rapport au lait correspondant. En outre, le paturage des prairies alpines a affecté le profil en AG
et en terpenes du fromage Plaisentif, alors que la transformation du lait en fromage affiné n’a pas modifié la
composition et le profil en AG et en terpenes a I'exception de I'acide eicopentaénoique, acide butyrique et
acide caproique parmi AG, et le limonene, le p-Cymene et I'allo-Ocimene parmi les terpenes.

Mots-clés. Acides gras — Terpénes — Montagne — Lait.
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| — Introduction

In Italian mountain regions, most of the milk produced is transformed into traditional cheeses. One
of them, Plaisentif, also known as the ancient “cheese of the violets”, is produced in the Piedmont
Region during the flowering period of violets (June-July) using raw cow’s milk. It has been shown
how grazing quality can greatly affect the organoleptic characteristics of raw milk, with particular
reference to fatty acid (FA) composition and volatile aromatic compounds such as terpenes, alco-
hols and ketones (Revello Chion et al., 2010). Several aspects of terpenes have been studied, in
particular as potential biomarkers of diet, used to trace milk and mountain cheeses (Martin et al.,
2005; Tornambé et al., 2006). In dairy products, particular attention concerns the content of n-3
polyunsaturated FAs and conjugated linoleic acid (CLA). Many studies have shown that these FA
have beneficial effects on human health (Parodi, 2003). The presence of these compounds in milk
is due to the rumen biohydrogenation of polyunsaturated FAs in animals fed with fresh forage. For
this reason, their content tends to increase in milk produced from cows reared in the wild or fed
with fresh grasses (Leiber et al., 2005; De Noni and Battelli, 2008; Revello Chion et al., 2011). The
aim of the present study was to characterize the FA and terpenoid profile in pasture, milk, and
Plaisentif cheese produced on different Piedmont mountain farms.

Il — Materials and methods

A preliminary study was conducted over the summer of 2013 in five Alpine dairy farms located at
1400-1800 m a.s.l. in the Chisone and Susa valleys (NW ltaly). Samples of pasture, pooled milk
and 60-day ripened cheese were analysed to determine the FA and terpenoid profiles. Samples
of pasture and milk were immediately frozen, freeze-dried and then stored at -20°C until the FA
extraction phase. After ripening, the cheeses were cut into wedges and then frozen at -20°C. FA
analyses were performed according to the method described by Revello Chion et al. (2010). The
FA methyl esters in hexane were then injected into a gas chromatograph (Dani Instruments S.P.A.
GC 1000 DPC; Cologno Monzese, ltaly) equipped with a flame ionisation detector, a PTV injec-
tion port and a Supelcowax-10 fused silica column (60 m x 0.32 mm, 0.25 um). The peak area
was measured using a Dani DDS 1000 Data Station. Each peak was identified according to pure
methyl ester standards (Supelco and Restek Corporation, Bellefonte, PA) and the data were
expressed as relative values. The FA composition was expressed as g/100 g of FA. Terpene
analysis was carried out on freeze-dried pasture and on the milk and ripened cheese fat (200 mg)
extracted without the use of solvents. Terpene analysis was performed according to the method
described by De Noni and Battelli (2008) by means of dynamic headspace extraction (Dani
Instruments S.p.A.), gas chromatography-mass spectrometry (Agilent Technology; 500 ml He,
for 18 min at 65°C). Data were expressed as arbitrary units, as log,, of the peak area of the cor-
responding selected ion. Data were analysed according to ANOVA in order to evaluate the effect
of transformation of milk into cheese.

Il — Results and discussion

The three dominant FAs detected in the pasture were o-linolenic acid (ALA, C18:3n-3), linoleic acid
(LA, C18:2n-6) and palmitic acid (PA, C16:0) that accounted on average for more than 81% of total
FA. Concerning milk and cheese FA composition, five FAs were the most abundant: PA, oleic acid
(C18:1n-9), stearic acid (C18:0), myristic acid (C14:0) and vaccenic acid (C18:1n-7), that account-
ed for an average of more than 74% of total FA, while the sum of ALA and LA contents resulted
lower than 4% of total FA both in milk and cheese. Conjugated linoleic acid (CLA, C18:2 cis-9,trans-
11) content ranged from 1.6 to 2.4% of total FA in milk and from 1.7 to 2.5% of total FA in cheese,
respectively (Table 1). The FA content of Plaisentif cheese was similar to that reported for the Toma
Piemontese and Bitto cheeses produced in the Italian alpine area (Revello Chion et al., 2010; De
Noni and Battelli, 2008). The terpenes found in all samples of pasture, milk and cheese were as fol-
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lows: a-Pinene, Camphene, B-Pinene, 5-3-Carene, Limonene, p-Cymene and allo-Ocimene. The
most important terpenoids in the pasture were p-Cymene and o-Pinene, while o- and B-Pinene
were the most abundant in milk and cheese. The latter two were also the main terpenes found in
other cheeses produced in lItalian alpine regions (De Noni and Battelli, 2008; Berard et al., 2007).
The terpene profile of pasture differed strongly from that of milk and cheese, due to the compara-
tively high amount of allo-Ocimene, and low amount of 8-3-carene (Table 2). The terpenoid profiles
of milk and cheese were very similar, even though a slight concentration of limonene, p-Cymene
and allo-Ocimene in cheese was observed compared to the corresponding milk.

Table 1. Fatty acid (FA) content (g/100 g of total FA) of pasture (n = 9), milk (n = 10), and Plaisentif
cheese (n = 10) from five Piedmont farms

Pasture Milk Cheese

Min Max Mean SDf Min Max Mean SDt Min Max Mean SDt Prob.
C4:0 2.8 36 31 025 26 29 27 0.11 0.001
C6:0 14 1.7 1.5 010 1.2 1.6 1.3 0.11 0.001
Cc8:0 0.58 087 0.76 0.10 052 0.77 0.67 0.09 0.061
C10:0 1.3 22 20 030 13 20 1.7 0.24 0.083
C12:.0 1.8 27 24 033 18 27 23 0.27 0.486
C14:0 8.8 116 102 09 86 11.0 9.6 0.90 0.190
C14:1 049 090 0.63 0.15 048 0.82 0.64 0.12 0.808
C15:.0 1.1 1.4 1.3 007 11 1.4 1.3 0.09 0.480
C16:0 82 109 95 0.79 23.6 279 264 149 234 269 255 1.25 0.150
C16:1n-7 1.3 1.5 14 008 13 1.6 1.5 0.09 0.089
C17:.0 0.80 11 096 0.08 072 1.2 090 0.16 0.328
C17:1 0.17 034 0.22 0.05 0.21 047 0.28 0.09 0.105
c18:.0 1.3 25 1.8 042 9.5 124 11.0 1.09 102 126 11.3 1.01 0.552
Ci8:1n9 26 85 45 188 19.0 239 20.8 159 200 244 222 1.59 0.070
C18:1n-7 4.4 70 58 100 48 70 6.0 0.85 0.602
Ci18:2n-6 13.0 30.8 17.2 5.07 1.9 24 22 016 21 25 23 0.15 0.171
C18:3n-6 0.73 4.3 25 1.09 0.05 0.07 0.06 0.01 0.05 0.07 0.06 0.01 1.000
C18:3n-4 0.12 0.19 0.14 0.02 0.12 0.16 0.14 0.01 0.892
C18.3n-3 39.7 60.6 54.7 5.72 1.2 1.5 14 012 13 1.5 1.4 0.11 0.635
CLA1* 1.6 24 20 030 17 25 22 0.34 0.262
CLA2S 0.09 0.17 0.13 0.03 0.09 0.15 0.13 0.03 0.684
C20:0 0.22 036 0.27 0.04 024 028 026 0.01 0.457
C20:1n-9 0.07 026 0.14 0.08 0.10 0.27 0.18 0.06 0.234
C20:3n-6 0.00 0.06 0.04 0.02 0.04 0.05 0.04 0.00 0.362
C20:4n-6 0.08 0.15 0.10 0.02 0.08 0.11 0.10 0.01 1.000
C20:4n-3 0.05 0.09 0.07 0.01 0.06 0.08 0.07 0.01 1.000
C20:5n-3 0.07 0.08 0.08 0.00 0.08 0.10 0.09 0.01 0.015
Cc22:0 0.09 0.11 0.10 0.01 0.08 0.15 0.11 0.02 0.291
C22:5n-3 0.12 040 0.17 0.08 0.11 0.19 0.14 0.03 0.327
Unknown 6.6 13.7 98 1.72 4.2 52 46 032 44 53 48 0.31 0255

T SD: standard deviation. ¥ cis-9,trans-11 conjugated linoleic acid. § trans-10,cis-12 conjugated linoleic acid.
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Table 2. Terpene composition of pasture (n = 9), milk (n = 10), and Plaisentif cheese (n = 10) from five
Piedmont farms

Pasture Milk Cheese
Prob.

Min Max Mean SDf* Min Max Mean SDf Min Max Mean SDf

a-Pinene’ 6.48 7.60 7.07 0.42 588 644 6.15 0.18 591 6.52 6.24 024 0.376
Camphene 549 6.78 6.02 0.40 485 549 518 022 495 592 532 029 0.237
B-Pinene 6.05 7.61 6.86 0.53 548 589 564 0.14 546 6.00 573 0.20 0.240
5 3-Carene 485 564 526 0.26 471 588 521 038 491 591 541 0.37 0.250
Limonene 479 6.93 588 0.72 508 561 543 0.15 545 6.41 565 0.28 0.046
p-Cymene 6.36 7.76 7.17 0.55 505 557 527 0.15 525 589 551 0.20 0.009
allo-Ocimene  5.26 6.81 6.10 0.59 401 451 423 020 4.10 470 4.43 0.24 0.050

T SD: standard deviation. § Data expressed as arbitrary units of log10 of the peak area of the corresponding
selected ion.

IV — Conclusions

Grazing Alpine highland pasture affected the FA and terpenoid profiles of dairy products, while
processing milk into ripened cheese did not substantially modify the FA composition and terpene
profile of Plaisentif cheese with the exception of eicosapentaenoic, butyric and caproic acids
among FA, and limonene, p-Cymene and allo-Ocimene among terpenes. These results confirm
the importance of Alpine highland pasture in obtaining milk and cheese that have a favourable
FA profile, potential health benefits and an aromatic profile with molecules that confer specific
organoleptic and nutritional properties to the Plaisentif cheese.
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Abstract. The Raschera is a PDO semi-cooked and pressed cheese made from partially skimmed milk, which
is produced within the Cuneo Province, in North-West Italy. Aiming to explore the widest variation in produc-
tion conditions and cheesemaking technology, twenty Raschera cheeses were sampled (ten in winter, W; and
ten in summer, S) from ten dairy plant producing almost all of the total PDO Raschera cheese production.
The cheeses were divided in three production systems: (i) raw milk (IR) or (ii) pasteurized milk (IP) cheeses
from intensive farming system, feeding cows mainly on maize silage and concentrates, and (iii) raw milk
cheese from extensive farming system (ER), feeding cows mainly with hay in winter or fresh herbage in sum-
mer. The principal component analysis (PCA) performed on sensory attributes clearly separate summer from
winter cheeses, the first being characterized by stronger notes. Within summer cheeses, ER were clearly
separated from IP and IR cheeses, being the ER cheeses characterized by stronger, herbaceous and veg-
etables notes, and the IP and IR by more cream and butter notes. The FA composition of the cheeses also
allowed to a similar differentiation, but the separation between the season was evident only for ER system.
The research highlighted that the sensory properties and FA composition of Raschera PDO cheese depend
on the production system and on its seasonal variations.

Keywords. Farming system — Cheesemaking technology — Milk fatty acids — Sensory properties — Raschera
PDO cheese.

Caractéristiques sensorielles du fromage Raschera AOP selon les systémes de production

Résumé. Le Raschera est un fromage AOP a péate pressée et demi-cuite, fabriqué a partir du lait partiellement
écrémé et produit dans le département de Cuneo, dans le nord-ouest de ['ltalie. Pour explorer la plus large
variation des conditions de production et de technologie fromagere, vingt formes de Raschera ont était échan-
tillonnée (dix en hiver, W ; dix en été, S) dans les 10 fromageries qui produisent presque la totalité de Raschera
AOP . Les systemes de production et de fabrications des fromages ont été classés dans trois groupes : (i) fro-
mage au lait cru (IR) et (ii) au lait pasteurisé (IP) issus de systemes d’élevage intensives, dans lesquels les
vaches laitieres sont nourries principalement avec de I'ensilage du mais et des concentrées, et (iii) fromages
au lait cru issu de systemes d’élevage extensives (ER) dans lesquels les vaches laitiéres sont nourries prin-
cipalement avec du foin en hiver et au paturage en été. L’analyse des composants principaux (PCA) faite sur
les descripteurs sensoriels séparait clairement les formages d’hiver et d’été, ces derniers caractérisés de
notes plus fortes. Parmi les fromages d’été, les fromages ER ont était nettement séparée des fromages IR et
IP, en montrant les ER des notes plus fortes, des notes d’herbe et des végétaux, et les IR et IP avaient des
note de creme et de beurre plus marquées. Comme pour les caractéristiques sensorielles, la composition en
acides gras différenciait aussi ces fromages, mais la séparation entre saisons était évidente seulement pour
les fromages ER. Ce travail montre que les caractéristiques sensorielles et la composition en acides gras du
fromage Raschera AOP dépend du systeme de production en lien avec ses variations saisonnieres.

Mots-clés. Systeme de production — Technologie fromagere — Acides gras du lait — Caractéristiques senso-
rielles — Fromage Raschera AOP.
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| — Introduction

Most of the milk produced in Northern ltaly is transformed into traditional and typical cheeses,
which are often granted with PDO label. Among them, the Raschera is a PDO semi-cooked and
pressed cheese made from partially skimmed milk (raw or pasturized), which is produced within
the Cuneo Province, in North-West lItaly, and which is ripened for a minimum period of 60 days.
However, the Raschera PDO cheese specifications do not include restrictions on composition of
animal diets, which can vary from extensive to intensive dairy systems. Consequently, the sen-
sory properties of the resulting cheese can be expected to vary widely because of the broad
range of milk production conditions and cheese-making practices (Martin et al., 2005). Similarly,
a large variation can also be expected for cheese fatty acid (FA) composition, which has impor-
tant implication for human health and cheese sensory properties (Givens, 2010; Coppa et al.,
2011b). Among several factors, the major impacts on cheese FA composition are related to the
farming system and to its seasonal variation in cow feeding (Chilliard et al., 2007). The aim of this
research was to highlight the relationships between the production conditions and their season-
al variations according to the farming system applied and the sensory and FA profiles of
Raschera PDO cheese.

Il — Materials and methods

Aiming to explore the widest variation in production conditions and cheesemaking technology,
twenty samples of 60-day ripened Raschera were collected from ten dairy plant producing more
than 80% of total Raschera PDO cheese production. One cheese was sampled in winter (W) and
one in summer (S), per each dairy plant. The production condition applied in the dairy farms from
which derived the milk used for each cheesemaking were recorded through on-farm surveys,
according to Borreani et al. (2013). Cheesemaking technology was also characterized. To des-
cribe the sensory properties of cheese, a Quantitative Descriptive Analysis (QDA) was performed
on cheeses of each factory for both winter and summer seasons. Ten expert panellists were
selected to form the panel, subjected to a training period for QDA and involved in the definition of
a list of attributes for texture, odour, taste and aroma of cheese. Attributes generated from each
assessor were characterised and agreed on a round table-meeting involving sampling taste and
collective discussion to create the final list of attributes which described the cheese sensory pro-
file. Subsequently, in the test, attributes were evaluated on an intensity scale from 1, when the
attribute was defined as not perceptible, to 9, when the attribute had the maximal expression. Each
cheese was sub-sampled and analysed for the FA methyl esters by gas chromatography, as
reported by Revello Chion et al. (2010). Aiming to explore the relationship between production
conditions and sensory or FA profiles, two principal component analyses (PCA) were performed,
one on data of cheese sensory descriptors, the other on cheese FA concentrations, using the
SPSS for Windows software package (version 17.0; SPSS Inc., Chicago, IL).

Ill — Result and discussion

The farms from which dairy plants collected the milk used to produce the Raschera PDO cheese
covered overall a wide variation in production conditions (i.e. cow diet composition and milk pro-
duction level). However, within each dairy plant, the characteristics of the farms that supplied milk
were quite homogeneous. Some plants collected milk almost from intensive farms, feeding cows
mainly on maize silage and concentrates, whereas, other plants mainly from extensive dairy
farms, feeding cows mainly with hay in winter or fresh herbage in summer. Within the dairy plants
collecting milk from intensive farms, some produced Raschera PDO from raw milk (IR), others
from pasteurized milk (IP), whereas the dairy plants collecting milk from extensive farms only pro-
duced Raschera PDO from raw milk (ER).
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On the plot of PCA performed on data of sensory descriptors, the Raschera PDO cheeses were sep-
arated according to the season of production by both principal components (PC) 1 and 2 (Fig. 1).
The summer cheeses (S) were characterized by higher notes for odour and aroma of rennet,
strong toasted, barn, garlic, bread a, boiled vegetable, smoked, hazelnut, grass, and for silage
odour and soft toasted aroma. Summer cheeses had a less melting texture. Systems were in
average scarcely differentiated: except for ER cheeses produced in summer, which were clearly
separated from all the other samples. These cheeses were characterised by lower cream and
butter odours. The ER summer cheeses also have higher strong toasted odour and aroma, silage
odour, barn odour and aroma, smoked odour and aroma, hazelnut odour and bitter taste. These
results are in agreement those presented by Coppa et al. (2011b) and by Martin et al. (2005)
when comparing conserved forages derived cheese to pasture derived cheeses. The stronger
notes found for pasture-derived cheeses were explained by the effect of fresh herbage in cow
diet on milk fat and FA composition (Martin et al., 2005). In particular the stronger notes were
related to the odour active compounds generated by the oxidation of polyunsaturated FA (PUFA),
more abundant in pasture derived cheeses, during ripening, and to their interaction with the
microbial flora (Coppa et al., 2011a,b).
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Fig. 1. Principal component analysis (PCA) performed on sensory descriptors (on the left) and on milk
fatty acid concentrations (on the right). Plot of sample distribution according to production
system and season’ projected on the two principal components (PC1 and PC2). ER = Exten-
sive faming system, raw milk; IR = Intensive farming system, raw milk; IP = Intensive farming
system, pasteurised milk; S = summer; W = winter.

1 LD = long duration of paddock utilisation on heterogeneous pasture; MD = medium duration of paddock util-
isation on intensively managed pastures; b = beginning; m = middle; e = end; 1 and 2 in MD indicated the
paddocks; BCFA = branched-chain FA; C18:1t = X of trans C18:1isomers; LA/ALA = C18:2n-6/C18:3n-3;
MUFA = monounsaturated FA; OA/PA = C18:1c9/C16:0; PUFA = polyunsaturated FA; SFA = saturated FA,
t10/t11 = C18:1t10/C18:1t11 ratio; HM = high mature patches; HV = high vegetative patches; SV = short vege-
tative patches; CP = simulated bites crude protein; G = simulated bites grasses proportion; L = simulated
bites legumes proportion; L/S = simulated bites grasses leaf to stem ratio; NDF = simulated bites neutral
detergent fibre; OMD = simulated bites organic matter digestibility.
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The PCA performed on cheese FA composition showed a sample distribution similar to those of
cheese sensory profile, however summer and winter cheeses were weakly separated, especial-
ly for IP W and S cheeses, which were confounded (Fig. 1). On the contrary, the PCA on milk FA
profile showed a clear separation of ER Raschera PDO cheeses produced in summer, as for the
PCA based on cheese sensory profile. The ER summer cheese were characterized by higher
concentration of C18:1t11, CLAc9t11, C18:3n-3, odd and branched chain FA (OBCFA), and by
lower concentrations of C14:0, C16:0, and C18:2n-6. A similar FA profile is in agreement with FA
composition of milk derived for pasture fed cows (Coppa et al., 2013). Fresh herbage being rich-
er in C18:3n-3 resulted in milk richer in this FA and in all intermediate products of its ruminal bio-
hydrogenation, such as CLAc9t11,and C18:1t11 (Chilliard et al., 2007). Similarly, feeding cows
with fresh herbage increase the proportion in milk of OBCFA, deriving from ruminal bacteria
responsible for fiber digestion (Vlaemink et al., 2006). Lower C18:2n-6 and saturated FA (SFA)
concentrations in milk when cows were fed pasture instead of maize silage and concentrate
based diets has also been observed (Coppa et al., 2013; Chilliard et al., 2007).

IV — Conclusions

In conclusion, this research highlighted that the sensory properties and FA composition of Ras-
chera PDO cheese depend on the production system applied in the farms that supply the milk.
Seasonal variations in production conditions have an important effect on cheese sensory prop-
erties and FA composition, especially in extensive farming systems.
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Influence of grazing on meat oxidation
in light lamb
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Abstract. Oxidation is one of the primary reasons for meat deterioration, decreasing freshness and consumer
acceptance. Vitamin E in the diet reduces these oxidative processes. The objective was to asses the effect of
grazing alfalfa on plasmatic a-tocopherol concentration and meat oxidation. Twenty single reared male lambs
of Rasa Aragonesa breed were used. Twelve weaned lambs (49 days old) were fed a commercial concentrate
indoors, and eight unweaned lambs of 29.5 + 0.95 days old grazed continuously with their dams. Lambs were
slaughtered when they reached 22 to 24 kg live weight. Longissimus thoracis muscle was extracted to deter-
mine o-tocopherol concentration and lipid oxidation after 0, 2, 5 and 7 days of display. Plasmatic a-tocopherol
concentration in concentrate-fed lambs remained steady throughout the experimental period (P>0.05; 0.24 to
0.47 pg o-tocopherol/ml). Plasmatic o-tocopherol concentration of grazing lambs (0.78 to 1.53 pg o-toco-
pherol/ml) was approximately 3-fold higher than that of concentrate-fed lambs. Lipid oxidation on day 0 and 2
of display did not differ between grazing and concentrate-fed lambs. In longer display periods, lipid oxidation
increased significantly in both treatments (P < 0.05). In grazing lambs, lipid oxidation decreased as the graz-
ing period was extended, showing that a grazing period longer than 58 days was enough to reduce the lipid
oxidation below 0.6 mg MDA/kg muscle. Grazing resulted in an improvement of meat oxidative stability com-
pared to feeding a concentrate-based diet without a-tocopherol supplementation.

Keywords. Alfa-tocopherol — Alfalfa — Plasma.

Influence du paturage sur I’oxydation de la viande des agneaux légers

Résumé. L'oxydation détériore la qualité de la viande, diminuant la fraicheur et 'acceptation par les consom-
mateurs. Le teneur en vitamine E dans le régime alimentaire diminue les processus oxydatifs. L’objectif de
cette étude était d’évaluer l'effet du péaturage de la luzerne sur la concentration plasmatique en o-tocopherol
et 'oxydation de la viande. Vingt agneaux males provenant d’une naissance simple de race Rasa Aragonesa
ont été utilisés. Douze agneaux sevrés (49 + 0,2 jours vieux) ont été alimentés avec un concentré commercial
(concentré) et 8 agneaux non sevrés (29,5 + 0,95 jours) ont paturé continuellement avec leurs meres (patu-
rage) jusqu’a 'abattage a 22-24 kg. La concentration plasmatique en a-tocopherol des agneaux «concentré»
est resté stable pendant la période expérimentale (P>0,05; 0,24-0,47 ug o-tocopherol/ml). Les agneaux
«paturage», ont eu une concentration du a-tocopherol (0,78-1,53 ug o-tocopherol/ml) trois fois plus élevée
que les agneaux «concentré». L’'oxydation lipidique a 0 et 2 jours de présentation a été similaire pour les
deux traitements. Dans des périodes de présentation plus longues, 'oxydation lipidique a augmenté dans les
deux traitements (P < 0,05). Chez les agneaux «paturage», 'oxydation lipidique a diminué avec I'allongement
de la période de péaturage, montrant que le paturage pendant 58 jours a réduit I'oxydation lipidique au-des-
sous de 0,6 mg MDA/kg muscle. Le paturage a amélioré la stabilité oxydative de la viande comparée a I'ali-
mentation a base de concentré sans supplément de o-tocopherol.

Mots-clés. Oxydation de la viande — a~tocopherol — Luzerne — Plasma.

| — Introduction

Oxidation is one of the primary reasons for quality deterioration in meat products. In Mediterra-
nean countries, light lamb meat is commonly consumed and the appearance of freshness is the
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most important intrinsic quality attribute for the consumers (Bernués et al., 2012). The addition of
vitamin E in the animal diet reduces the oxidative processes in meat products (Jensen et al.,
1998). However the high cost of a-tocopherol requires accurate feeding and quantity of a-toco-
pherol must be adjusted to reduce the cost of the diet. Grazing can increase the intake of a-toco-
pherol cheaply. Numerous studies have shown that lambs finished on pasture had higher a-toco-
pherol content in meat than those fed high concentrate diets (Turner et al., 2002). The objective
of the present study was to asses the effect of alfalfa grazing on plasmatic o-tocopherol con-
centration and meat oxidation in light lambs.

Il — Materials and methods

Twenty single reared male lambs of Rasa Aragonesa breed were used. Twelve weaned lambs
(4940.2 days old), were indoors fed a commercial concentrate (185 g crude protein/kg dry mat-
ter, DM; 190 Neutral detergent fiber/kg DM; and 13.22 MJ/kg DM, 30 mg o-tocopheryl acetate/kg
of concentrate) (C). Eight unweaned lambs (29.9 + 0.95 days old) grazed continuously on alfal-
fa pasture with their dams (Gr), and had free access to the same commercial concentrate. In C
treatment dams and lambs during lactation were indoors concentrated-fed, while in Gr treatment,
ewes and lambs grazed alfalfa since one week after lambing. When the lambs reached 22 to 24
kg of live weight, they were slaughtered, at weekly intervals. The experimental period lasted 33.7
+2.90din C and 36.0 £ 1.87 in Gr treatments. The age of lambs at slaughtering was 74.9 + 3.17d
and 65.9 + 2.47d in C and Gr treatments, respectively.

Lambs were bled weekly throughout the experimental period to determine o-tocopherol concentra-
tions, which were analyzed following Lyan ef al. (2001) method by HPLC. After slaughter (24 h at
4°C), the Longissimus thoracis (LT) muscle was extracted from the left half of the carcass and sliced
to determine oxidation and o-tocopherol content. Samples were displayed for 0, 2, 5 and 7 days in
darkness at 4°C. Muscle lipid oxidation (TBARS) was analyzed according to Pfalzgraf et al. (1995).
Muscle a-tocopherol content was determined using the methods described in Prates et al. (2006).

Ill - Results and discussion

1. a-tocopherol content in plasma and muscle

The average concentrate fed during the experimental period was 24.3 and 7.4 kg per lamb, in C
and Gr treatments, respectively. Lambs grazing alfalfa had levels of a-tocopherol in the plasma
higher than those of C treatment at the beginning of the study (0 days) as a result of grazing and
then, to milk suckled (P<0.001; Fig. 1). Calderén et al. (2007) observed a rapid increase of o-
tocopherol during the first week of eating fresh forage. Plasmatic o-tocopherol concentration in
concentrate-fed lambs remained steady throughout the experimental period (P>0.05; 0.24 to
0.47 ug a-tocopherol/ml), whereas in Gr lambs (0.78 to 1.53 ng a-tocopherol/ml) concentration
was approximately 3-fold higher than that of concentrate-fed lambs (P<0.001). Guidera et al.
(1997) found that a-tocopherol supplemented ewes had greater concentration o-tocopherol in
serum and milk than control ewes just after a week on the experimental diets. In Gr lambs, the
plasmatic a-tocopherol changed during the grazing period (P<0.001), although, there was not a
clear effect of the length of the grazing period. In agreement to that, a-tocopherol concentration
in LT muscle was greater in Gr (P<0.001). D’Alessandro et al. (2012) found suckling lambs whose
dams grazed had greater a-tocopherol content in muscle than suckling lambs whose dams were
fed hay and concentrates.
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2. Lipid oxidation of Longissimus thoracis muscle

Lipid oxidation was affected by the interaction between treatment and days of display (P<0.05;
Figure 2). Grazing and concentrate-fed lambs had similar lipid oxidation at 0, 2 and 5 days of dis-
play (P>0.05) but Gr lambs had lower lipid oxidation at 7 days of display (P<0.05). Similar results
were reported by Luciano et al. (2009) in lambs fed fresh forage or concentrates. Lipid oxidation
at 7 days of display was correlated with a-tocopherol content in meat (r = 0.67, P<0.001).
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Fig. 1. Evolution of a-tocopherol in plasma throughout the experimental period and a-tocopherol con-
tent in LT muscle of unweaned lambs grazing in alfalfa (Gr) or weaned concentrate-fed lambs
(C). Differences within a treatment between days are shown as x, y, z (P<0.05). Differences with-
in a day between treatments are shown as a, b (P<0.05).
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Fig. 2. Evolution of lipid oxidation of Longissimus muscle of grazing (Gr) and
concentrate (C) fed lambs with days of display. Differences between
treatments are shown as a, b (P<0.05).

In Gr lambs, lipid oxidation decreased as the grazing period was extended (Fig. 3), being high-
est at 28 days of the experimental period and at 7 days of display. At this moment, lipid oxidation
achieved values of 1.1 mg MDA/kg muscle. The limiting threshold for oxidized meat acceptabili-
ty, according to Ripoll et al. (2011), is 1.0 mg MDA/kg muscle in light lamb meat. To ensure lev-
els below 1.0 mg MDA/kg of meat at 7 days of display in Gr treatment, unweaned lambs must be
older than 58 days (29.9 d old at starting experimental trial plus 28 d of experimental trial) and
grazing since one week age. Sixty-five days grazing time reduced the lipid oxidation below 0.6
mg MDA/kg muscle, regardless of the time of display.
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Fig. 3. Lipid oxidation (TBARS) of Longissimus thoracis from alfalfa grazing lambs according to
the length of the experimental period and the days of meat display (0, 2, 5 and 7 days).
Different letters within a day mean significant differences among days of display (P<0.05).

IV — Conclusions

The results of the present study showed that alfalfa grazing increased a-tocopherol concentra-
tions in serum and in LT muscle compared to concentrate feeding in light lambs. Grazing result-
ed in a general improvement of meat oxidative stability compared to feeding a concentrate-based
diet without a-tocopherol supplementation. Alfalfa grazing in light lambs is also a feasible alter-
native for increasing the shelf-life of meat. To reduce the lipid oxidation below 0.6 mg MDA/kg
muscle, it was necessary a grazing period longer than 58 d.
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Abstract. This study compares the rumen facies and blood metabolites of sheep reared on natural grassland
in north-west of Tunisia or on feedlot. For this, 36 lambs (26 kg live weight, in average) from Barbarine (BB),
Queue Fine de I'Ouest (QFO) and Noire de Thibar (NT), were equally divided in stall-fed (S) and pasture (P)
group. In each feeding system, there were 6 lambs from each breed. After 60 days, fasting plasma was col-
lected as well as the rumen liquid at 0, 2, 5 and 8 hours after feeding. The glucose, magnesium and iron con-
tents in blood were higher for the S system (P = 0.001); while cholesterol and urea contents were more ele-
vated for the P system. The protozoa population in rumen fluid was globally similar for P and S systems. The
N ammonia was not affected by the feeding system. Before feeding the acetic acid was higher for P group
(43.44 vs. 40.37%; P = 0.03). The propionic acid had the highest percentage 8 hours after feeding (28.98%).
The butyric acid was not affected by both factors. The BB lambs present the highest glycaemia and rumen
N ammonia contents, while those from NT breed present the highest creatinine concentration. The effects of
both breed and feeding system were more spectacular in blood metabolites than in rumen fermentation pat-
tern, this is in relation with the stability of the in the microenvironment.

Keywords. Blood metabolite — Pasture — Stall-fed — Rumen facies.

Profils fermentaires dans le rumen et paramétres sanguins chez des agneaux de trois races élevés
au paturage ou en « feedlot »

Résumeé. Cette étude compare le facies fermentaire et les métabolites sanguins de moutons élevés sur les
prairies naturelles du nord-ouest de la Tunisie ou en bergerie. Pour cela, 36 agneaux (26 kg de poids vif, en
moyenne) de races Barbarine (BB), Queue fine de I'Ouest (QFO) et Noire de Thibar (NT), ont été répartis
dans le groupe de bergerie (S) et le groupe de paturage (P). Chaque groupe contenait six agneaux de
chaque race. Apres 60 jours, des échantillons de sang ont été collectés a jeun, ainsi que le jus de rumen a
0, 2, 5 et 8 heures apres le repas. Les concentrations de glucose, de magnésium et de fer dans le sang
étaient plus élevés pour le groupe S (P = 0,001), tandis que le cholestérol et I'urée étaient plus élevés pour
le groupe P. La population de protozoaires dans le fluide du rumen était globalement similaire pour les deux
groupes. La teneur en ammoniac n’a pas été affectée par le systeme d’alimentation. A jeun la teneur en acide
acétique été plus élevée chez le groupe P (43.44 vs. 40.37%; P = 0.03). La teneur en acide propionique avait
le pourcentage le plus élevé 8 heures apres le repas (28.98%). La teneur en acide butyrique n’a pas été
affectée par les deux facteurs. Les agneaux BB avaient les concentrations de glucose et d’'ammoniac les plus
élevées. Les agneaux NT avaient le taux de créatinine la plus élevé. Les effets de la race et du régime étaient
plus spectaculaire en métabolites sanguins que dans les parameétres de fermentation dans le rumen, ce n’est
en relation avec la stabilité de la dans le microenvironnement.

Mots-clés. Métabolites sanguins — Paturage — Stabulation — Facies fermentaire.

Options Méditerranéennes, A, no. 109, 2014 — Forage resources and ecosystem 307
services provided by Mountain and Medliterranean grasslands and rangelands



| — Introduction

Rustic sheep breeds are better able to conserve fat during feed restriction than less adapted
breeds, possibly because of differing responses to homeostatic signals (Chilliard et al., 2000).
However, domestication and breeding for better productivity, such as muscle, wool, or milk, may
impact some of the adaptive mechanisms regulating energy metabolism in relation with rumen
facies and blood metabolites. The aim of the present study was to examine the influence of breed
and diet quality and the interaction between both factors on some blood metabolites and rumen
fermentation pattern.

Il — Material and methods

Thirty-six lambs (26 kg live weight) from tow rustic breeds; Barbarine (BB), Queue Fine de I'Ouest
(QFO) and one meat breed, Noire de Thibar (NT), were equally divided into two groups, stall-fed
(S) (500 g of concentrate and 500 g of oat hay; 11% of crude protein) and pasture fed (P). In each
feeding system, there were 6 lambs from each breed. The grazed land covered 1600 m? and the
land pasture was composed by 45% grass, 14% legumes and 41% other species (10% of crude
protein). The trial lasted 60 days. At the end of the trial, fasting blood samples were taken in
heparinized tubes of 10 ml and immediately centrifuged at 3000 rpm for 15 mn and the plasma
was kept in plastic tubes of 2.5 ml at -20°C. A 400 pl aliquot of plasma was taken for assaying
some plasma metabolites (glucose, cholesterol, triglyceride, urea, creatinine, calcium, phospho-
re, magnisium and iron). The rumen liquid was collected at 0, 2, 5 and 8 hours after feeding.
Samples of rumen liquid used for NH3, AGV analyses were filtered for all times. The rumen lig-
uid samples used to count protozoa were collected only at 2, 5 and 8 hours. Statistical analysis
of blood metabolites were performed by analysis of variance using the GLM procedure of SAS
(1999). A 2x2 factorial design was adopted to test the diet and breed effects. Rumen fermenta-
tion pattern variables were analyzed using the MIXED procedure for repeated measures. The
factors included were diet or breed as between-subject fixed effects, time as within-subject effect
and animal as subject (experimental unit).

Il — Results and discussion

1. Blood metabolites

The QFO breed had the highest glucose concentration. The stall fed diet based on concentrate
leads to highest glucose concentration in blood (Table 1). In fact stall-fed diet is essentially com-
posed by concentrate rich in starch which is a polymer of glucose. The interaction between both
factors was significant for this parameter (P = 0.03). In fact this parameter measure the energetic
valorization of the diet by different breeds; in pasture the NT breeds had the same concentration
as in stall (3.11 mmol/l) however the QFO breed had the highest concentration (3.38 mmol/l) and
the BB breed had the lowest concentration (2.92 mmol/l). In Stall QFO and BB breeds had high-
er concentration of glucose (3.75 and 3.65 mmol/l respectively) and remain more adapted then
NT breed to this type of diet. The breed had no effect on the cholesterol level, however the diet
had a significant effect on the cholesterol concentration wish was more important for animals
conducted in pasture (Table 1). Studies with calves, humans, monkeys, chicks, and pigs have
also found elevated cholesterol levels resulting from low protein diets (Mann, 1960; Beveridge et
al., 1963). Triglyceride concentration was not affected by both factors. This result shows that both
diets and all breeds lead to the same amount of lipids (Table 1).

The urea concentration was higher in pasture-fed group. In fact, high concentrations of plant N
(> 30 g of N/kg of DM) result in production of excess ruminal ammonia N, which is absorbed into
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the bloodstream and excreted as urinary urea N (Dellow et al., 1988). Thomas et al. (1988) repor-
ted that serum albumin and blood urea nitrogen reflected the dietary protein intake which
explains the lower concentration of urea N in stall-fed group (Table 1).The creatinine is influenced
by the breed and the NT breed had the most elevated level of creatinine. The rate of blood cre-
atinine may be considered as an index of endogenous protein catabolism (Patrick et al., 1998).
This can be justified by the fact that the NT breed produced more muscle (Hajji et al., 2013), thus
this breed had higher protein degradation. The diet had no effect on the creatinine concentration
this is in relation to the ingested protein level which is similar in both diets. In comparison to the
present, Patrick et al. (1998) found that Lambs fed low CP diet tended to have greater levels of
serum protein and had greater creatinine levels than lambs fed the high CP diet.

Calcium and phosphore were not affected by both breed and diet. However magnesium and iron
were significantly higher in stall fed group then in pasture group (Table 1).

Table 1. Effects of breed and diet on some blood metabolites

Breed Diet Statistic
BB QFO NT S P SME Breed Diet Breed*
Diet
Glucosef 3.33 3.60 3.1 3.53 3.12 0.05 > * *
Cholesterolf 1.39 1.30 1.50 1.28 1.54 0.03 NS ** NS
Triglyceridet 0.24 0.23 0.19 0.222 0.22 0.01 NS NS NS
Ureaf 5.47 5.02 4.91 4.70 5.63 0.17 NS > NS
Creatinine¥ 61.36 60.20 66.63 62.00 63.73 0.84 ** NS NS
Calciumf 2.23 2.34 2.27 2.37 2.16 0.08 NS NS NS
Phosphoret 2.10 2.29 2.18 2.29 2.07 0.06 NS NS NS
Magnisium? 0.78 0.84 0.69 0.82 0.70 0.02 NS * NS
IronH 23.17 21.98 18.27 24.61 17.12 1.40 NS * NS

T mmol/l; J: gmol/l; NS: insignificant; **: P < 0.01; *: P < 0.05.

2. Rumen fermentation pattern

The time of sampling had a significant effect on the ammonia production (P = 0.0001). Before
feeding and 5 hours after the ammonia production was not affected by both diet and breed and
the interaction between the factors was not significant. Two hours after feeding only the diet had
an effect on the ammonia production and the stall-fed animals had the highest concentration and
the interaction between diet and breed was significant (P = 0.05). Knowing that the urea concen-
tration was higher in pasture-fed group, we can conclude that the ammonia transformation to urea
in kidney is more efficient in pasture-fed group. Eight hours after feeding the interaction between
both factors was significant (P = 0.0001), this may correspond with the time of rumination, which
may be of different speed between breeds. The breed had a significant effect on the ammonia pro-
duction (P = 0.0001) and the NT breed had the lowest value. The NT lambs had the highest level
of creatinine so the highest protein catabolism which explains the lowest ammonia amount.

The most important protozoa population was counted at the fifth hour (P = 0.01). Two hours after
feeding, the protozoa population was not affected by both factors. At the fifth hour the protozoa
was affected by both diet and breed and the interaction was significant between the factors.
Generally, the size of the microbial population increases with the pasture and decreases with the
diet rich in starch. The present results can not clearly express the effect of the diet or the breed.
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The acetic acid production was globally affected by both diet and breed (P = 0.001 and P = 0.001
respectively). The time of sampling had no effect on the acetic acid production. The interaction
between factors was significant at 2, 5 and 8 hours post feeding. Before feeding the percentage
of acetic acid was affected only by diet and the highest percentage was recorded in P group
(43.44 vs. 42.80% respectively) this is in accordance with the finding of Cuvelier et al. (2005) who
announced that acetic acid production is promoted by diets rich in fibers. The propionic acid per-
centage was influenced only by the time of sampling and the highest percentage was 8 hours
after feeding (28.98%). The butyric acid percentage was not affected by any factor and it aver-
aged 22.89%.

IV — Conclusion

The effects of both breed and feeding system were more spectacular in blood metabolites than
in rumen fermentation pattern. The NT breed has the same energetic valorization of both diets.
The QFO breed was the best adapted in both production systems. In stall, the BB lambs were
better adapted then the NT ones and this result was inversed in pasture system. Also the inter-
action between both factors was more widespread in rumen fermentation pattern than in the
blood metabolites, this is in relation with the stability of the in the microenvironment.
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